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Fig.2 Schematic diagram of shell section of
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Fig.4 Simplified diagram of the circumferential section

of the co-rotating double-screw fertilizer apparatus
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Fig.5 The decomposition diagram of the
movement speed of fertilizer
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Table 1 Global variable parameter setting

I H Ttem J& 1 Property i Value
JAHA L Poisson ratioson _
. 0.25
ratio
NERTOR
] _ _
Fertilizer particles BI 414/ Pa Shear mod 3.4X10
ulus
¥ /(kg/m®) Density 1283
WA He Poisson ratioson 0.394
N ratio
R .
Discharging wheel, shell =7 it /Pa Shear mod- 3.18 X108
ulus
W /(kg/m®) Density 1240
0.28
R Z 8L Recovery factor
Sor - akr T EEE 2 Static fric- 0.36
Particle to particle tion coefficient :
RN EEHE I % Rolling _
L. . 0.15
friction coefficient
0.35
T R Z 8L Recovery factor
GOk - & oo
Particle to discharging ﬁ%ﬁé}‘é&‘[ﬂ% S_l(iauc fric- 0.41
tion coefficient
wheel and shell
VBN RE A 2 Rolling o

friction coefficient

ASAE R TR R S8 AL HAE ML . {5 H AR K 9.25X
10 %s, BUHE i I PG 0.01 so [ ] XU HE Jitg = HE AR 7
EDEM 15 B 4N & 6 frs .
1
2\
\

iz
=
3

S

\

5

V M HEARER 432 3l 7 18] V, is the moving direction of screw extru-
sion precision fertilizer ejector. 1. fUkL T.J Pellet plant; 2. JTF} Fertil-
izer; 3. [A] ] A 42 JiE HE AL 7% Co-rotating double-screw fertilizer dis-
charge device ; 4. il [ 33 J& Wi X Axial velocity monitoring zone 5.
T W5 X Cross-section monitoring zone; 6. £ A A% Fertilizer col-
lection plate; 7 &5t & Wil [X Total mass monitoring zone; 8. 4 Wi
X Grid monitoring zone.
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Fig.6 EDEM simulation diagram
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#& 2 Box-Behnken X E =7k E
Table 2 Test factor level

K hofia/mm  BBIES/mm A REER/mm
Level Center distance Pitch Blade height
1 48 28 12
0 52 31 14
—1 56 34 16
%3 Box-BehnkeniXIt 4R
Table 3 Test result of Box-Behnken
HEREH T
Ty I F
‘ e BEHRMY :
S x, R T Fluctuation HyEpE/
dis  Hia o R, . (mm/s) Axial
. ! coefficient of
No.  Center Blade . . average
. . uniformity of
distance height o speed of
fertilizer -
. fertilizer
discharge
1 —1 —1 0 19.34 24.14
2 1 —1 0 28.34 26.58
3 —1 1 0 18.31 30.12
4 1 1 0 19.77 29.71
5 —1 0 —1 18.06 26.84
6 1 0 —1 32.42 26.93
7 —1 0 1 19.22 24.62
8 1 0 1 15.59 27.15
9 0 —1 —1 35.04 24.91
10 0 1 —1 25.33 31.12
11 0 —1 1 32.83 24.56
12 0 1 1 20.54 29.61
13 0 0 0 11.48 29.38
14 0 0 0 10.41 29.11
15 0 0 0 9.85 28.96
16 0 0 9.30 29.35
17 0 0 0 6.28 29.38

2B ] AR AR A G 00 Y PR L A B B . T HEAE
YoV sh RBUEAL 2y a0y 2" s KT R WA
B 2 (P<<0.01) , 2y s X7 BRI R 3% (0.01<<
P<20.05) , HAxTixt Jr B Ies%m (P=>0.05) , I =15
HREPRBGEMAR B ERNE ., £ R SHAEY 5t
B =B 1 R
v, =1128.95 + 8.53x, — 67.96x, — 39.1x; —
0.56x,25 + 1.07x,% + 2.38x,°
JE AR Jal i) SF- 25 3 B 9 O 25 40 BT AN 2% 5 B o A
AU R 5 F=79.72, P<<0.01, [n] )4 B 4
R NITURS 56 25 o0 AN 25 (P>0.05) , 2 W ] 19
TR 7 3 50 3 B L5 R B A o 1 A Ak B 1 o
B BT 5 1 AN S S i S e SN SR S G B s I 19
M) Ay A S 3 (P<<0.01) , FL A3 300X 7 2 JC 5 ) (P>
0.05) o 45 BB & 5 00 e} b 1) 7 ¥ 8 B A [l 09 7

(21)

x4 HRRHAERRHFTESN
Table 4 Variance analysis of fluctuation coefficient

of fertilizer uniformity

REil Y75

Vg S 1 H Ffi P

Source Sum of DF Mean Fvalue P value
squares square

HIE Model 1193.76 9 132.64  21.16  0.0003
e 56.11 1 56.11 895  0.0202
z 124.82 1 124.82  19.91  0.0029
z 64.26 1 64.26  10.25 0.0150
202 14.17 1 14.17 226 0.1765
10T 80.87 1 80.87  12.90  0.0088
ol 1.66 1 1.66 0.26  0.6227
2 24.96 1 2496 398  0.0862
P 383.72 1 383.72  61.20  0.0001
) 374.48 1 37448 59.73  0.0001

2% Residual 43.89 7 6.27
YT Lack of fit 28.6 3 9.53 2.49
4fi{5# Pure error 15.29 4 3.82
B4 S Cortotal 1 237.65 16

RS BRI E T EE T EST

Table 5 Analysis of variance for the average

0.1991

axial velocity of fertilizers

. S5 Al Y7
T T e R
Source DF F value P value
squares square
i Model 78.96 9 8.77 79.72  <£0.000 1
z 2.70 1 2.70 24.56 0.001 6
Z 51.86 1 51.86  471.33  <<0.0001
o 1.86 1 1.86 16.92 0.004 5
202 2.03 1 2.03 18.45 0.003 6
2025 1.48 1 1.48 13.52 0.007 9
s 0.33 1 0.33 3.05 0.1239
2 8.03 1 8.03 73.05  <0.0001
)t 0.19 1 0.19 1.79 0.2219
2 9.08 1 9.08 82.59  <<0.0001
52
).77 0.11
Residual ( 4
PG
K > 0.62 3 0.21 5.86 0.0634
Lack of fit
gl
HhiRE 0.15 4 0.037
Pure error
gl
e 79.73 16
Cor total
(SR

v, =—349.54 + 9.97x, + 3.93x, + 6.15x; —
0.05x12, + 0.07x,25 — 0.08x,% — 0.37x;*

R 9A AL, 2 0 v BE AL FAROK B B A
rPC B B A HE AR 34 A0 MRk s 2R BRI 40 A

(22)
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HEAEHE A HEAL B ] d. L HERE X &) Py . dv 151 9B
AT A R 39 DR A 1) - 4% o RS OKC B
A G 8 DR R ARl ) - 4% 3 B S5 2 U R AT

o MR P A P S e 26 A A AT AT e e
Bl i - Xy R R pl P OC RTR B I i LAY
R, Nl ) - 24738 B2 e G I T B v 0o
F1%9 8 R e G 1 - 4 T B2 S 48 R R r s BT
IR e JBE s 2 HE AL 48 A Wk DX /N, i 25X
(16) AT AT 21 4b i 5 X 48 9 S RHRIURL B 22 |, AR
it i - R

9 D iz fh T [
Fig.9 Response surface diagram

H1 T 9A AT, HhuC BEAE 48 mm B HEAE 15 1 i
Bl F UK 0 BE BN HEAE 25 B i S B,
BE B 0 BE B SE A 48 mm, HEAE X 5] 1 3% o) 2 B0k
AN HERE BRI 5, DAk, 18 HR AT 34 20 P i 3h R <
106, NE Ak Ay o) ~F- 347 33 2 8K, [ 2 i i a6 JIES Rk 1)
AE 1B, PR s 15 Ak Al 1] ~F 22 3 & =30 mm /s,
F FH Design-Expert8.0.6 2 HAn AL 7% , 153 2L 1L
Jiken=(23).
x, =148
28<<x, <34
12<<a,<<16
n=f(xn,2:.25) (23)
yo=f (21,20, 73)
<10
.= 30

BT (23) 15 B A X T8] 43 S R B 32,5~
33.2 mm. M B 13.5~14.7 mm. 7 {4k X i) o
eI EE 32 mm, it 7 B 14 mm JE47 0 B 56 5
Ik, AR WoR TR ) PR 3 R ECh 8.29 04, IE
Al 1) SF- 4 3% 2 4 30.03 mm/s, kBN AL H AR, 5641
T RIS R AR
22 HEMREAZRIKEER

MR B A I TS 45 i 2 A T i, I i B
PR HENE B 2 | 455 A 7 AR RN L wfE i
Borpuoy o8 48 mm R 33 mm M A 14 mm.
Shy 6 1E [ 1) XSCHER 8 R T i 104 B D0 45 A8 2 $00 00 1E

P, 26 P s PR IR UKL, Sk ] 18] XURZ e HE AT #8064 T
BHIRIE IR (F10) o I AR I B HLS i
k60 r/min, FE A & AR TR 5 80 mm AF LR, ¥
HERERSE J5 )i B IR B (38 U 0.2 m/s, AR
Tk 2 A HEAR 3, 2R B B AR GX-8K HL R 42
JIE G L RE L i, o 1k — 2B 0F 5 [ 1) U BERE A
TR HENE L RE , 7 1 30~120 r/min 36 [ P L 865 Ry
30 r/min AT 4 HEAL R BEMI , ARG E & 5
HCT-Y{E

1. L HLIE 4% Motor controller; 2. [] i) SURBEHEAL 2§ Co-rotating
double-spiral fertilizer discharge device ; 3. JE4fi Fertilizer box ; 4. 3K 5y
i ML Drive motor; 5. #5 il #% Controller; 6. 5 At & Fertilizer collection
box; 7. 4% Conveyor belt.

E 10 HEREEREAZRXT
Fig.10 Bench test of fertilizer apparatus performance
S S v X8 HENE 11 ) e A T B s i R, 5 42
IR BAAS S ] 5 20 mm B4 AR & BT, il it 2y
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A (18) ~ (1) FF L HAC )P sh R h TR
TR v AR Al ] - 42 38R TE VL I, PR, R
ELAEGE TP HE AL S B AL B A AE R UL (4 5 o B
PEAT R B

H BRI A o B 4R B HERR I, DL PR RS
B NIRRT S 2RI TR o X R 6 A 4K

BB 5 05 BAE , B 4L i HEE 2 5 M I h R
505 BRI AR 25 1.47 %6, PR HEAE £ AH X
W22 R 1.96 %6, ik ik g 5 0 B g B AR W) & | ik
XoF EG A 6 M, AN [7) 27 3o T[] ] 0B e HE A 24 50
7 S ZR BN AR T HE AT 25 - Y FRAIG 64.21 %6, AN TR e
T LR HEAR BT 72.16 %0

®6 WIEIKE SR ER

Table 6 Results of verification test

B/ (r/min) - RTHEHE/(m/s) HEML g2 2 R T7 3 HENE I 231k s 2 8/ 4 N A/ g
Speed Forward speed  Fertilizer ejector type  Test method ~ CV of fertilizer discharge uniformity  Single circle fertilizer discharge

F 9.23 79.39

30 0.1 A T 9.39 77.45
B T 48.29 39.21

A F 9.05 78.89

60 0.2 T 8.84 77.12
B T 42.56 38.95

A F 8.68 79.24

90 0.3 T 8.93 78.51
B T 36.17 39.16

A F 8.61 78.93

120 0.4 T 8.94 77.28
B T 36.76 39.54

 Note: A« 7] i) SR HEHEAL &% Co-rotating double-spiral fertilizer discharge device ; B : BAIZfEHENL %% Single screw fertilizer discharge de-

vice; F: fF E A% Simulation test; T: 221X Bench test.
3 i it

AW GE T X R TE HE N 25 7E SR e i 7 ¢ 1k iy 1T
5 FE R 2 18] 1) figg A 2 18] AN [) 7 7= A HE R S 35 55 [)
RSBt T — A RCHE A 5 45 4 1 822 i HE A 2%
SR #EAT = E =K F Box-Behnken {5 H ik 46 .
Pt Fr 2 ST 1 HERE 359 53 1 i 2 22 il ) SF- 39 3 [l
VS 8 I A1) FH Design-Expert 8.0.6 31445 H i 56 [A]
BN I A5 B 5 e 9 A8 100G AR HEIE 56 8 R X HE T
5 VE W B R ECE WA 2 (P<<0.01) , HEAE 48 e
B e B X HE A 1 5 M ik 3 R 86 ) f 2 (0.01
<P<C0.05) , fHENC AR WRTE | focs BE i R B X Al ]
S 2y FEE R MR 2 (P<<0.01) , FF7E HEAR 2 201
Bl R EL=<10%0 Rl o] °F- 44 38 FE =30 mm/s T4
5 BN HEAE 25 1 B A= S H0h - PG FE S 48 mm MR PR
33 mm M R 14 mme R 5 R Ak 5 B 45 2R 11
HERA T, DA s PR RO A i e A R 2R 17 5 2R 50 R i
5. IR AR R B2 W HEE Y A v &
5 07 a9 i A R 22 O 1.47 Y0, 5 P HE AT 5 AR
XF5R 250 1.96 0, Sk e 5 07 il g B AW &, 1L
A 7] 1] XUHER e I S # A8 B 0% i HE NIT 2% 34 &) 4 A

5RO B REAC 64.21% , 5 B HE AR &7 ¥4 T
72.16% o AL S B[R] ) B e HE AL 25 HENE 1 50 M
U A7 B5UAR TR T B HE A 2% HEAE AN 2 59 0 )
30~120 r/min % 3 5 [ A HFAE Pk B A2 1k B HE S
i B2 S HIE
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Optimization and experiment of co-rotating and double-spiral
fertilizer feeder

DUN Guogiang"?, 11 Xin?, JI Xinxin’, SHENG Quanbao®,JI Wenyi’

1.Laboratory of Intelligent Agricultural Machinery Equipment Engineering,
Harbin Cambridge University, Harbin 150069, China;
2.College of Mechanical and Electrical Engineering, Northeast Forestry University,
Harbin 150040, China;
3.College of Engineering, Northeast Agricultural University, Harbin 150030, China

Abstract A co-rotating and double-spiral fertilizer feeder with a double distributing wheel was de-
signed to solve the problem of uneven fertilization, resulting in low utilization efficiency of fertilizer in tradi-
tional fertilizer feeder. The theoretical discharge capacity of fertilizer and the parameters affecting the unifor-
mity of fertilizer were determined through theoretical analyses. A Box-Behnken experiment with three-fac-
tor and three-level was conducted using the pitch, center distance, and blade height of the fertilizer distrib-
uting wheel as experimental factors, and the fluctuation coefficient of fertilizer uniformity and average axial
speed as experimental indexes. The results showed that the effect of pitch on the fluctuation coefficient of
fertilizer uniformity was extremely significant (P<C0.01) , while the effect of center distance and blade
height on the fluctuation coefficient of fertilizer uniformity was significant (0.01<ZP<C0.05). The effect of
pitch, center distance, and blade height on the average axial speed was extremely significant. When the
center distance, the pitch and the blade height of the fertilizer distributing wheel was 48 mm, 32.5-33.2
mm and 13.5-14.7 mm, the fluctuation coefficient of fertilizer uniformity was <<10% , and the axial speed
of the fertilizer was =30 mm/s, the optimal performance of the fertilizer feeder was achieved. Under the
optimized parameter combination, the relative error between the fluctuation coefficient of fertilizer uniformi-
ty in the bench experiment and simulation experiment was 1.47% , and the relative error between the vol-
ume of fertilizer distributed in a single lap in the bench experiment and simulation experiment was 1.96%,
indicating that the bench experiment and simulation experiment are in good agreement. At different speeds,
the fluctuation coefficient of fertilizer uniformity in the co-rotating and double-spiral fertilizer feeder was re-
duced by an average of 64.21% and the average fertilizer volume distributed in a single turn was increased
by 72.16% compared to the single-spiral fertilizer feeder, indicating that the optimized the co-rotating and
double-spiral fertilizer feeder has good fertilizer uniformity and a large flow rate of fertilizer. It will provide
a useful guide for designing a co-rotating double-spiral fertilizer feeder.

Keywords fertilizer feeder; single-spiral fertilizer feeder; co-rotating double-spiral fertilizer dis-

charge device ; uniformity ; structure optimization ; discrete element method
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