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Design and Experiment of Single-disc Centrifugal Variable-rate Fertilizer
Spreader with Double-channel Inclined Spreading Blades

ZHOU Wenqi LIU Huaiyu LI Junkai LU Qu WANG Qi WANG Yijia
(School of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Fertilizer spreading is a crucial part of agricultural production. Improving spreading uniformity
can ensure crop yield and quality while reducing environmental pollution. To address the poor uniformity
of fertilizer distribution when spread by the single-channel linear type spreading blades, a single-disc
centrifugal variable rate fertilizer spreader based on double-channel inclined spreading was designed. A
double-variable fertilizer spreading control system was developed by using the fuzzy PID algorithm, which
can adjust the fertilizer application rate and spread width simultaneously according to real time
information. A complete kinematic model was constructed by analyzing the fertilizer particles at the front
and rear of the blades and in the air, and optimum blade parameters were determined to achieve the most
uniform fertilizer distribution. A fertilizer spreading simulation model was established based on the
discrete element method, and single-factor tests, orthogonal tests, and response surface analysis were
carried out. The test results showed that when the fertilizer outlet opening was 8°, the blade deflection
angle was 0. 42°, the blade inclination angle was 16.22°, the disc rotation speed was 450 r/min, and the
forward speed was 1. 1 m/s, the fertilizer distribution reached the best state. At this time, the coefficient
of variation of fertilizer distribution was 18. 7% , and the effective spreading width was 10. 96 m. Bench

tests and field tests were conducted to verify the simulation test results and the performance of the double-
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variable fertilizer spreading control system. The results showed that the average error in the coefficient of

variation for fertiliser distribution uniformity between the bench test and the simulation test was 0. 24% ,

indicating that the discrete element method can accurately simulate the fertilizer spreading process. The

coefficient of variation of fertilizer distribution uniformity was 24.5% , the fertilizer application control

accuracy was 90.7% , the total fertilizer discharge stability was 94.6% , and the error of fertilizer

application per unit area was 19.8% , meeting the agronomic requirements. The research results can

provide an important reference for improving fertilizer spreading uniformity and studying precise variable

rate fertilization technology.

Key words; fertilizer spreader; double-channel inclined fertilizer spreading blades; double-variable

fertilizer spreading control system; simulation model
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A 1.3 ~1.5 m/s Bf 0 A 58S 28 ,1.3 m/s i}
C, Feflk, 4 16.37% ,W J311.0 m,
4.3 EZRRE
4.3.1 Rkt

76 PR R A BRI i LA b, DLPSAE T A

RUREERE B M FrRHf C O Fr A D AR BE 5% 8 E
ik 2, ARE A I3 A 2 20 PR 78 5 2R 8 €, AIHOIE
AR W i 5 15 bx , B IE SR, N R G
s 1 o, e e S A IBC(E Y FRAR 4l B D 3R
BRI A 23 M 45 R AT 1 2 e S R R R T R
R 2 FiR,

F1 EXHBEERD
Tab.1 Orthogonal test factors and coding

- I TSk S
A/(°) B/(m-s”') C/(°) D/(°) E/(rmin~")

-2 6 0.5 11 -20 300

-1 12 0.7 14 -10 350

0 18 0.9 17 0 400

1 24 1.1 20 10 450

2 30 1.3 23 20 500

4.3.2 g R

| FH Design-Expert 8. 0. 6 4% 1F 52 2 46 45
HEAT 53 A7 55 40 B, BERE 23 A 2 SRR S R AL C,
(75 2253 B 3R 3 Fos  UIE A 88008 vE Wi 22 53
Prinsk 4 fros .

FEBR XS T A 28 ) P8 S R BT AN B3 1Y
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Tab.2 Experiment scheme and results

c/  wr

Fe A/ B/ ¢/ D/ E/

% m
(°) (mes™") (°)  (°) (rrmin"")

1 12 0.7 14 -10 450 26.78 10.5
2 24 0.7 14 -10 350 35.02 8.0
3 12 1.1 14 10 350 32.38 8.5
4 24 1.1 14  -10 450 33.37  11.0
5 12 0.7 20 -10 350 35.02 8.0
6 24 0.7 20 -10 450 26.10 11.5
7 12 1.1 20 -10 450 23.46  11.0
8 24 1.1 20 -10 350 33.70 7.5
9 12 0.7 14 10 350 37.00 8.0
10 24 0.7 14 10 450 26.10 10.5
112 1.1 14 10 450 2213 11.0
12 24 1.1 14 10 350 28.41 8.0
13 12 0.7 20 10 450 25.77  10.0
14 24 0.7 20 10 350 33.70 8.5
15 12 1.1 20 10 350 29.40 8.0
16 24 1.1 20 10 450 31.38  11.0
17 6 0.9 17 0 400 23.79 9.0
18 30 0.9 17 0 400 27.75 9.5
19 18 0.5 17 0 400 25.44 9.0
20 18 1.3 17 0 400 2213 9.0
21 18 0.9 11 0 400 27.42 9.5
2 18 0.9 23 0 400 21.47 9.0
23 18 0.9 17 -20 400 38.98 8.5
24 18 0.9 17 20 400 35.36 8.5
25 18 0.9 17 0 300 33.37 6.0
26 18 0.9 17 0 500 26.76 12.5
2718 0.9 17 0 400 19.16 9.0
28 18 0.9 17 0 400 16.85 9.5
29 18 0.9 17 0 400 18.83 9.5
30 18 0.9 17 0 400 19.82 8.5
3118 0.9 17 0 400 17.51 9.0
32 18 0.9 17 0 400 18.17 9.5
33 18 0.9 17 0 400 17.84 9.0
34 18 0.9 17 0 400 18.50 9.0
35 18 0.9 17 0 400 20.81 8.5
36 18 0.9 17 0 400 16.52 9.0

W R R AR SR o A B ) P S RS 45
IR KR Ay R I 7
C,=424.32-7.27A -147.19B -6.31C -
0.39D — 1. 15E + 1. 81AB +0. 006 8AE +
0. 14BE +0.033CD +0. 11A” +30. 63B” +
0.15€C* +0.05D> +0. 001 1E° (16)
3 R X NERH A B S AR S R C, R
W@ FHWNZEA A E AB AE BE A* B’ .C’ D’ E*;
XfC, R FENEA B.D M CD, AR RKY
e 32 3 e pR DR BN PR R AR YR Oy (B 2 A v A 1

=3 PBHITHARTREZBFESN
Tab.3 ANOVA for coefficient of variation of fertilizer

distribution
BRR| FHEM OARE By F P
L 1474.08 20 73.70  28.58  <0.0001*
A 23.52 1 23.52 9.12 0.008 6 **
B 13.32 1 13.32 5.17 0.0382"
% 8.83 1 8. 83 3.43 0.084 0
D 15.33 1 15.33 5.94 0.0277"
E 164.12 1 164.12  63.65 <0.0001**
AB 33.47 1 33.47  12.98  0.0026*
AE 29. 65 1 29.65  11.50  0.0040**
BE 31.47 1 31.47  12.21  0.0033*
cD 15.76 1 15.76 6. 11 0.0259 "
A? 94. 81 1 94.81  36.77 <0.0001*
B? 48.02 1 48.02  18.62  0.0006*
c? 61.83 1 61.83  23.98  0.0002"
D? 668. 68 1 668.68 259.32  <0.0001**
E? 249.98 1 249.98  96.95  <0.0001**
Bk 2% 38. 68 15 2.58
&AL 22.99 6 3.83 2.20 0.1388
R 15. 69 9 1.74
S 1512.75 35

T RN MM 23 (P <0.01),
P <0.05), F I,

# RN L (0.01 <

x4 HWRBEHBEHFESN
Tab.4 ANOVA for effective width of fertilizer spreading

AR FHFM AmE B F P
T 49. 86 20 2.49 42.40  <0.0001 "
E 45.38 1 45.38  771.73  <0.0001**
AB 0.5625 1 0.5625  9.57 0.007 4 **
AC 0.2500 1 0.2500  4.25 0.0570
AE 0.2500 1 0.2500  1.25 0.0570
BC 0.250 0 1 0.2500  4.25 0.0570
BE 0.2500 1 0.2500  4.25 0.0570
DE 0.2500 1 0.2500  4.25 0.0570
A2 0.2222 1 0.2222  3.78 0.0709
2 0.2222 1 0.2222  3.78 0.0709
D? 0.3472 1 0.3472  5.91 0.028 1"
i 1.39 1 1.39 23.62  0.0002**
B 0.8819 15 0.058 8

i 0.4819 6 0.0803 1.81 0.2039
R 0.400 0 9 0.044 4

S A 50. 74 35

F‘Wﬁﬁﬁﬁw
ER
[F] 25 B X HHUIE A R4 5 52 A 1832 &R I
ZARAF UL A SO0 98 5 45 50 PR 1 k5 g5
BH

B T R R A XA A AR G
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W=21.79 -0.154 -0.433B -0.315C +0. 027D -
0.065E -0.23AB —0.001D* +0. 000 083E>
(17)
F 4 FRWY WO A SO0 58 WS R B 2 R
W EAB FE™ %F W0 0 5 E o D*, xR
A KONR T 5 e 3 M B R TR 3R Ay (B B
4.3.3  w iz i o3 A
& 10 SN F ] Design-Expert 8. 0. 6 Zf4-45 il [F 2 32
HAERXREAER C, 5 W 2w i vy il e

]

B

BREH

Rk A AU
BRE

AT I

A § n
R Rk
z 8 £
x| =

(e) ML FF R~
B0 A E AR €, 5 W 8 i i 7 it T

Fig. 10 Response surface plots of C and W

FEl 10a S 3 AE 1 JF B 5 i 3R X C, 58 H.
PERT, P50 CJF BEAE 8° ~ 1200, €, Fifi iy 1k o J35 1%
K 5 B A R G T JFBEAE 12° ~ 1608, C, 5
R R A I AR 56, ELRTHERE o 1.1 m/s P HE O
FEEE R 16° 0, C, ik KA. Ay o B AE 0.7 ~
0.9 m/s i}, C, B AE LT B2 88 fin 5 B 5 % I T
PO 0.9 ~ 1.1 m/s BF, C, 59508 1 JF B E
X

&1 10b Ry 7% I8 B JF B2 5 [ 3 5% X €, 158 B
YER . T8 L JFBEAE 8° ~ 12°R), €, 55 [ £ #% 3 i
ARG FFBEAE 12° ~ 16°HT, C, Fifi [B] & % 3 18 K 5%
S5 o B A5 3 AE 350 ~ 410 v/min B, C, B 75 IE
1 FF 3 8 K S K 5 T 55 S 7 410 ~ 450 1/ min i, C,
5595 08 O B W E A O

P 10¢ iy gk 8 B2 5 8 3 5 3 xF €, /932 BAE
o BT BRI, C, 5 B4 o 5 9 7 A
K MBS WAL, C, B35 i U A 3 O 2
WA RRAR S Th e a3

10d Syt g S e B A ek C, /Y 38 HAE
Mo TEm BN, C, BEE TR i M B 5 R 5
L AERRAR S T v 64 3 s 76 v R i f AN E I, €, B
A R R I O IR A 22 B SRR AR S T s a3

K 10e g% I 11 JT B8 5 i 2 3R X Wiy 28 1
YEM . P8 HE D JFBEAE 4° ~ 12°0F , W B i 2 380 2 )
0.5m/s¥FE 1.3 m/s M5 ; FFEAE 12° ~20°0),
W B i P R RE 4 O R A AT R 0.5 ~
0.9 m/s [, W B V& NE 1 JF BE DA 4°3 28 20° 10 FF = 5
HEE 0.9 ~ 1.3 m/s I, W B ¥% 2 1 JF B2 1 oK T
FEAIR
4.3.4 ZHMite

FIH Design-Expert # #0215 g iz il 0 52 3
XEHOE AR 2 B & AT ot o AL AR B U ol i C,
B fe/IME, WOIRCE de KR, BP7E PR IR ARl BT Y
[Fi) 1L i R BIR B i 2 oo Al R R, LS B A R 5%
(G
minC, =f(A,B,C,D ,E)
maxW =f(A,B,C,D,E)
s. b (6°<A<30°
0.5m/ssB<1.3m/s
11°<sC<23°
-20°<D<20°

(18)

300 r/min< £ <500 r/min
RABF MRS HAE N EEOIFEN
8° HIHEH EE N 1.1 m/s W R RL A Ry 16.22° it
s A1 ok 0. 42° B 57 5 Ry 450 v/ min, A AERL 53 A
RREC, KB/, N 18. 7% WL A R0 58 W
KE K, 10,96 m, B AEOAE BILAE b 25C2R B £k
FHARESHA G HATOHL R, WE C R
19.2% ,W 2 10.5 m, £ WS H A fb 25 BT 5

5 HESRKAE

5.1 AW

2023 4£ 10 A, fE AR AL Al K 27 T AR I 2o
TE AL & 23 55, 38 2 7 Hb 1 HE 51 0 45 & O =X
B A Y R a1 TR e
MR 704 A HE B ML AR ] HEOE AL, OIS B R
800 mm , iR I X I 14 m x 8 m, Hb A7 4 258 A} 3 K [m]
WO, $% 13 x 9 R M2 HOCER & (29 em x 19 em X
10 em ) FE117 A, W 46 & P BE RG I 22 SRR A 9 /0 A
5Lk DT R AR 5 22 . OIE ML A 35 1% X8RS, Bk
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WA G IR, 37 AL A [ B 28 0 A1, A6
INEER R TRIIRAY S € SR

K11 & 2R
Fertilizer spreading bench test
52 HABRERSHH

B 1 ~3 48 A UE ML R S B &,
8 C FHMEN24.75% W FHEHN 8. Tm, 54 4
B A TC 6 ) s BRLE B RS UHRUIE I R, A €L oA
38.32% , W h7.0m, G50 HILKR C, PR
ZE00.24% WX 1R 2504 0.26 m, 1R 2= 1 0] $£ %2
T FEL, Ul W HROIE 77 016 T 5 PR R 5 56 4 48 W
18 18 R A R 5 G R OIS BOR X, C,
FEAk 35.42% , W $2 & 23. 86% , K W% A T #ik
HEHL AT A R TR b ot

6 AR A 8K 18

Fig. 11

6.1 HIEX®IZIT

Shy 96 I RUAR o 4O B2 o 2R G 4 RS S S HL
[ FE M 8, 2 I8 GB/T 5262—2008 { 4 Mk ALK it
B2 ), AR O HLIF R R K. XK T
2024 477 J1AE BB e V1A BT DX K R B 56 F (38 it 4y
BEAC) HEAT , AN 12 B

12 I e
Fig. 12 Spreading fertilizer field test

S XK REIE M BEAL 75 ~ 112.5 kg/hm’ , &
TP oKIB G 15 g AEARL. 256 w7 I8 A 25 B T
AR, 556 T fIE AL LK 8] B B AR, £E Ik XK
10 m , 355 )5 Bk o AT A 60 43 RE ), 3 ok 2 (i 950 s S B
Jta B i o RS> AR 24 50 PR AR S R AR C, i i Bk BURK
B AL 7 W B & P9 i B RE 5T 5t DU A5, LA R it FH 4
TS EE P LS HEIE B A e P R 8 S B 1 Bt T
W2 R MR e AR, IR K H5ERIUES,
Forpr 1~ 6 4R E £ XUAR 4O 42 1) 3R 46 )5 AT AR
A, 7 ~9 dH 1 ~3 X R B, SO £ Y o A2
AN B AT UL B I 4 ) &R G, i B A L A9 O &R X

x5 HEAEKKRER
Tab.5 Results of fertilizer spreading field trials

A/ B/ E/ c,/ P/ S/ R/
45

(°) (mes™") (rrmin™") % % %o %
1 5.4 0.5 424 25.4 91.3 23.2
2 6.2 0.6 442 23.7 87.6 18.3
3 6.8 0.7 454 24.3 92.6 15.7
4 7.5 0.8 472 21.2 90.4 24.6
5 7.5 0.8 472 23.9 91.7 94.6 20.8
6 7.5 0.8 472 25.3 90.6 16.2
7 6.0 0.5 518 32.8
8 6.0 0.6 413 28.4
9 6.0 0.7 345 35.7

A EVEI DI E A SO0 R &R E gt 1T
FEA o
6.2 RBWERSHH

B 1 ~6 200 45 5 nl 0, 45 1l 3= 0 N0 kit FH 4
il B 4 35 90. 7% |, B A Th] AU AT et 152 2% 34 (A ik
19. 8% , 3¢ B 72 5o A 1 A 1 7 5 1 8 1T &, 1T
WA W T =Rk A0 HEAE 1, 80 ARG v 0 48 it IE 35 5
1~3 457 ~9 45045 8 vl 50, fic 75 95 i R e
BN S A A 1EN G C, 35 24.5% , T AN AL A5
W RGEMIEEN S C, 5 32.3% , R RG 1L
SR A TE DR UG M 4 75 it AT (Y [8] B, 38 3] 1
FERY AR 3 A1 ¥ 50 B, b 2548 e HOIE 3 8 VRl B i
4 ~6 i8R 45 S nT 0, O ALE HE AR B AR v R
B IE 94. 6% , VLW % 8 TAETEREfR E , L PR fE
Ml B il 4 115 BEL vy T AR AT RS O R E AR K R
B AR AR ZE R

7 it

(1) ARBFFE R T 5 A 20 X UL S
WU T8 Ak O i R S5 48, # s RO ) AR A |
FPIEASIR S . 43 A5 k) 43 A 259 50 1 A8 7 &R 4k
C, SHUEAT O vE WA R 75 72 RO A VR b 2
REAER S8 G, B0 Y 3% I8 1 JF B 82, i Jr
s 0.42°, it &L fA R 16.22°, [A] & 4%
450 r/min, FIHFHE R 1.1 m/s B, C, 5B AL, Ky
18.7% , W ik 5] A, 4 10.96 m,

(2) FFRRHUIE &5 2030 56, 245 51 3¢ W 4 A {y LA
R A SRR S B AH L TR0 G R 4ROIE AR Sl B
) C, BRAK T 35.42% W #2557 23.86% , 450 5
T A AR B

(3) FFIRAHAE FH 1R] 4 56, 4% SR 2 U XU73E 2 JiAE 4
) 22 0 0 ARk i T 428 1045 B2 358 90. 7%, #iUIE 2 & i A
BT AIVEAR 52 R BT 3K 24, 5% , S HERR B R E 1
FHNTIE 94. 6% , Aoy T FUAE £ 152 25 T 3k 19. 8% , i
WP HL TAEPERREOL , W /KA B AR 2K
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