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Design and experiment of centrifugal fertilizer spreading
mechanism with double drop point feeding
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Abstract: [ Objective | In order to address the problems of low uniformity of variable rate fertilization in
rice, a centrifugal fertilizer spreader with double falling points was developed by leveraging the advantages of

simple structure , wide spreading range and high operation efficiency of disc fertilizer spreader.[ Method | Based
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on the EDEM discrete element simulation model, the single—trip fertilizer simulation test was analyzed.Taking
the radius of the blanking point, the angle of the blanking point, the amount of fertilizer and the speed of the
centrifugal disc as the influencing factors, the influence of single factor on the distribution of fertilizer particles
was determined by single factor simulation test.The orthogonal rotation simulation test was conducted under the
condition of screening out the angle factor of the blanking point, and the influence of the interaction of the above
factors on the coefficient of variation and the width distance of the fertilizer distribution uniformity was clarified.
The optimized target parameters were used to conduct bench test verification and field test, and the coefficient
of variation of fertilizer distribution uniformity after superposition was analyzed with actual reciprocating
operation conditions. [ Result ] The results of single factor and orthogonal rotation test show that a larger angle
between discharge points negatively impacts fertilizer spreading uniformity.The effects of different factors on the
coefficient of variation of fertilizer distribution uniformity, ranked by their impact from greatest to least, are as
follows : fertilizer application amount, the radius of dropping point and the rotating speed of centrifugal disc.
When the radius of the dropping point is 112 mm, the amount of fertilizer applied is 475.05 kg/hm® and the
rotating speed of the centrifugal disc is 540 r/min, the coefficient of variation of uniformity is the smallest , which
is 15.49%, and the effective width is 8 m, the results of bench test are 15.83% and 7.7 m, and the coefficient of
variation of fertilizer distribution is 9.12%.[ Conclusion ] The field experiment shows that the radius of dropping
point of 100 mm is more suitable than other radius in the range of fertilizer application.

Keywords: variable rate fertilization; discrete element method; double point blanking; quantitative

fertilization ; centrifugal fertiliser spreading ; uniformity of fertilizer application
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Fig.1  Schematic diagram of fertilizer spreading mechanism
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Fig.5 Description of centrifugal disc drop point locations
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Tab.1 Factor level coding table
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Level code Radius of blanking point Centrifugal disc speed Application rate
-2 70 340 225
-1 90 440 375
0 110 540 525
1 130 640 675
2 150 740 825
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Tab.2 Test scheme and test results

4i*5 Code A/mm B/(r+min™")  C/(kg-hm™) al’ al’ a,l’ a,l’ L/m C./1%
1 90 440 375 90 116 74 100 8 19.19
2 130 440 375 90 108 104 122 6 19.28
3 90 640 375 90 116 77 103 11 17.84
4 130 640 375 90 108 106 124 8 19.37
5 90 440 675 90 116 73 99 8.5 15.51
6 130 440 675 90 108 103 121 7 18.08
7 90 640 675 90 116 75 101 12 19.40
8 130 640 675 90 108 105 123 9 17.73
9 76.36 540 525 90 121 61 92 11 16.85
10 143.64 540 525 90 106 112 128 7 20.14
11 110 371.82 525 90 111 89 110 6 15.27
12 110 708.18 525 90 111 91 112 10 15.80
13 110 540 272.85 90 111 92 113 7 21.06
14 110 540 777.15 90 111 90 111 9 15.51
15 110 540 525 90 111 90 111 8 15.52
16 110 540 525 90 111 90 111 8 14.60
17 110 540 525 90 111 90 111 8 16.39
18 110 540 525 90 111 90 111 8 15.34
19 110 540 525 90 111 90 111 8 17.22
20 110 540 525 90 111 90 111 8 15.52
21 110 540 525 90 111 90 111 7.5 14.94
22 110 540 525 90 111 90 111 8 15.26

S}
w

110 540 525 90 111 90 111 8 15.44




55 2 3] TIGRAF U s Rk O AU HUAS BT 5 1 -+ 529 -

232 RIELRHSM

FIIH Design—Expert 8.0.6 FX A X 45 S UEA AP, IR FHIZ AP BRI 7 2253 i 2= o i B e i
M) AN S 25 () PR BRI 5B o e A5 SRR WY, ERL o3 A1 4 5 P72 S 2280 C, I B 125 L S 403 P 4330l Ky
0.296 5.0.444 9, ¥R 2 (0.05<P<0.1 F/R B 3 0.01<P<0.05 /R 8 3 . P<0.01 F/n il i 3%)

NERL A B 5128 5 R 8 C 54 RN FER

C,=15.65+0.594+0.23B-1.65C~0.35AB-0.090AC+0.60BC+1.184°+1.11C*~0.71ABC+1.034° (8)
W T B L5 4% TN A IRl E T A
1=7.95-1.194+1.198+0.50C-0.314B8+0.374°+0.0165°+0.12A’B+0.354’B* (9)

233wl @ AT

FIIH Design—Expert {4 %} 7 22 43471 2% h 28 B A FH 08 25 (0 Z00 0047 ) 7 il T 4307, A 10 77

VERL AR A=110 mm B, 55005 #0554 B 5 1 cxﬁﬁlﬂﬂi’aﬁ PEAS 5 R0 C g 7 T A0 1] 9a
7R, 24 B>440 v/min B, Bl i AR @34 00, C Sei/ N a1 K 24 B<440 v/min B, C 5 C B2 1Y, H C KX}

C M TN 2 35 5 2 €<375 kg/hm’ B, Bl E B BY3EIN, C, TG B A8 4k 5 24 €375 ke/hm’ B ,B 5 C, Z1EL, C

A, BXT C R &

JiEAE £ C=525 kg/hm’ I}, B0 B £ 5% 3 B 5 7% B i A8 A WS048 B A2 BLAE P % e 1oz it 1 40 141 9b e
TN, B—E I A SN, A R P S LAk N G, BB R, LARE AR 5 2 A PR AN AR BEE B
(IBETN, L2 A, A=70 mm B A8 LI 1835, B X L5245k

(v
—

)
Wide distance

TE#E 25 /m

distribution uniformity

REAR S 3 SRS 53 R U %
Coefficient of variation of fertilizer

& &
g Fiy, 340225 O
61‘7'1&0’"’71}7 &, @ &\

e
<
O P R e S AL R S AR b. B B8 5 e S5 YR A AR I A A

a.Interaction between rotating speed of centrifugal b.Interaction between rotating speed of centrifugal

disc and fertilization rate. disc and radius of blanking point.

P19 i 1 i 7 A

Fig.9 Response surface analysis
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TE B30 [ 357 3 B=540 v/min B, DURAES R 2R R R AR R A it i C BUE B o 29 451, Rl
JH Design—expert 85K i 1 3R AR ip A 25006 S8 BE B L=8 m I e /INIERL M G ¥ S MEAS S 2R B €. Ak
K :A=112 mm ., B=540 r/min . C=475.05 kg/hm* i} € =15.49% .[=8 m. Lk b S50 H & 4705 Bl 5,
Cv=15.19%,1=8 m, SEALLE R ILAFY) &

3 EAEMAAERER IR
3.1 A%
3.1.1 XEi&xit

g hF He A BRI 5 S PR IR (1R 22 , U B804 A - A=112 mm . B=540 r/min ,C=475.05 kg/hm*J} &
HAREE ) I AR A 2023 4F 7 H 18 H ZEVLPE ARV R AR AL YT T A5 . {045
KGHE/NT 2 m/s , G 27~33 °CL MR 66% . 1H R 447 25 5045 B RAFE 2, DL 0.8 m/s YT 2 BE I i, 4N
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FL10 B 117 o Dl RERE B , 7E 5 ISEE @ AR 2~3 om JERRREANVD (B4 0.5~1 mm) , FFAELdE
EHIE )2 2 mx8 m Y LLHEATZE b, AN 10b 7R o BB X UIE 5 US 9 & AT IR ST TR
e U

a WL IREE I b. AL LR AR
a.Test Site of fertilizer application b.Effect of fertilization experiment

K10 it A

Fig.10  Experiment layout of fertilizer spreading
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Fig.11  Collection Point layout

3.12 XBLER

TR &5 T« BB HERL A 1 5 PR S R ECK 15.80% . 15.99% 15.71% , Y918 K 15.83% , 5117 BL4%5
SR B O AT A S MR R R BN 15.19% FEA — B, M XTI 25 0 4.14% , A IR EFE 258 7.7 mo AT L5
BLABIS S T LB HUIE AR

FE S bR A e b R AR A, S B SR A R IR 06 45 b T Z PUB LA B, A
SN O RE AL 370 2 57 AR S5 R BN 9.12% , IR 580 8 m, 250 CAHUE HUHUIE X5 57 15 21 B E 4T
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Fig.12  Experiment layout of fertilizer spreading
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JEHEHL I A TAETERE IR . 24 R KA, IR 19~28 °C, X 1 m/s, B 56%., G, FI B K iE#k
AL S HEZK 2 d 2R AR X TE B B BUK , i i 1) BE R B S SRS B, AR AR50 S R A X BT
A HLEAEL SERUR , e AN SRAE 2 0 RE IR, £ IR 45 50 i, IR R A 3 A MRS 52 R B C
LSRR AR

RGN [ R a5 AN [R] it AE d 6 FH R V0L 335 4 B 1 5 i), 228 i e 45 5L, IR 48 F [l £l
TR R R KK, P 0 R 5% 5 B=540 v/min, V&AL T 248 A JE A 80~120 mm, 34 524 20 mm ;i IE
i CYE [ 225~825 kg/hm’, 3 54 300 keg/hm®, i 50 7 28 S A5 SR W3R 3 Fivn . (a,, o, RS0 B IR AS
1) FH (R0 7R A 1 2 7 B0 R 2 1 ) o B 0 A )

#£3 HEELRESTERESR

Tab.3 Scheme and result of field experiment

RS AR A/mm IR C/(kg-hm™) PUBIR A R R R Y% AR BRI R R %

Radius of blanking Application a,'/(°)  a,/I(°) Single fertilizer variation ~Reciprocating fertilizer ifdf}/lm
point rate coefficient variation coefficient
225 67 96 25.07 17.16 9
80 525 65 94 17.80 10.26 10
825 64 93 21.14 14.25 11
225 86 110 22.07 15.72 7
100 525 84 108 16.57 10.92 8
825 83 107 18.58 14.85 9
225 100 120 24.46 9.34 6
120 525 98 118 16.91 8.41 7
825 97 117 19.39 12.95 8

2 3 AT %, C M 225 kg/hm? 34 Jii £1] 825 kg/hm” A : A=80 mm , B 4 A A5 S 22 B028 fb AR X 45 K, AR
B AT 5 A=120 mm , Bk AR AR S R BN 16.919%~24.46% , 11 B IR AE 5 2 B /)N, {H I 58 I 2
HAT 6~8 m, AFF AL /R SR (8 m) ;A=100 mm , B i AL AR S R B AT BN 16.57%0~22.07% , #
X /N FLIF AN K, 1 OB AR 5 R B0 15.72% Seidi /N3 10.92% 5 38 i E] 14.85% , 7 S0 e 1 25 I
7 m BEINE] 9 m, e AE 7 Ak T B 48 R AR BE IR B 8 m IR G TSR £ b AT FH A R 56 Rl i 4
S H ] S BRAEAE

Xt 3.1 ZECGIE R 50 1 fe P S 80 A 04T BRIV R S0 50 0E , 354 3 WA 21 b RO A8 S R B0k
16.11%.16.91% . 16.23%, “F- ¥ {H 4 16.42%; 11 2 UL A8 5 R BN 10.55% . 10.95%.10.88%, “F- 4 Ky
10.79%; 6 FEFE 25 4 8 m; FH AL S UL AR S5 RBCT- Y 5 05 EARALAE AR X TR 25 8.10% , S KA 15
2574 11.32% , H AWMV ARE0 25 5L 55 7 FLaI0 25 A — S0, 04 50 P g FLIR S8 5406 R B Al 22K

4 &

ARBFFR BT T — Pl 5 AR GO O AL |, 388 8 5 28 0 L3 56 o) B R 32 3 FLHE 1 52
Wi D] 25 90 FB R A7 07 08 BUM « 75 ) 252 42 A=70~150 mm , 250 [ #3453 B=340~740 v/min , i I & €=225~
825 kg/hm™,

TR 1 A AL R G 5 e 1 [ 1AM 2 B AT AR © X RS E AT AR S R B C R MR
2 PR 20 B o3 A 241 5 128 S R R e 2 O S IE 1 C L35 AR A B B B B, D B A&
Z A R TE R B L YR L

FIIFH Design—Expert 244t BV TR AR , 250 A7 BES AR A=112 mm (5.0 R #5453 B=540 r/min.,
Jiti A f: €=475.05 kg/hm? s, AEAFo3 A5 B 5148 S 250 C =15.49% A7 5008 e B 25 L=8 m , WAL AL 2 Fe b 1405
HIRIGSH] . € =15.19% L=8 m, LR A 4RI IUE : € =15.83% L=7.7T m. PR T F 28BS E& 5800,
e A4 A Sl TR L B 2 20 A8 S 2R 800 9.12% , A 3 5 1 B8 O s HUIB HLISIE 5 49 1
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DAV R R A IS 5 C i PR R AT H TR 3, 7R i 5 C=225~825 kg/hm® i}, A=80 mm,
BRI I AT AN R 5 A=120 mm, 75 2 IR 5P fe b, (0 2000 T8 BE 25 K/ s A=100 mm B, B BS 4T 35
IR S BRI R S AR AR 53 R BN 10.92%~15.72% , 45 5000 S Bk #HER
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