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Design and Experiment of Spiral Blades Auxiliary Roller of
Organic Fertilizer Side Throwing Device

LIU Hongxin'?  ZHAO Yijian' XIE Yongtao' ZHANG Yiming' SHANG Jiajie'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Mechanical and Electrical Engineering, Sugian College, Suqian 223800, China)

Abstract; In order to solve the problems of near fertilizer accumulation and local ridging in the existing
side throw device for organic fertilizer with inclined opposite discs, combined with the function and
working principle of each component of side throw device,an auxiliary roller with symmetrical spiral blade
was innovated on the basis of theoretical analysis,the key structural parameters and operating parameters
were optimized ,and the spatial position relationship between the side throw device and the discs of the
main throwing component was clarified. Single factor and response surface experiments were carried out
by EDEM software, the effects of roller speed, helix angle and blade number on uniformity coefficient of
variation and fertilizer proportion within 1 m were studied, the optimal parameter combination was obtained
after optimization. The simulation results showed that the optimal parameter combination of auxiliary roller
was roller speed of 2 238 r/min, helix angle of 42. 70° , number of blades of 4, coefficient of variation of
uniformity of 24. 45% , fertilizer proportion within 1 m of 24. 96% , and the simulation results with this
parameter combination were better than those with the optimal parameters of the original roller. Test
results of new auxiliary roller after innovative design were 25.46% and 25.65% , which were greatly
improved compared with 46. 77% and 65.94% of the original auxiliary roller, when combined with the
main discs throwing uniformity was good, no accumulation and ridging phenomenon occurred. The results
showed that symmetric spiral blades can effectively correct the movement direction of fertilizer particles, so
that the non-controlled fertilizers concentrated in the main discs were dispersed on both sides. Combined
with the main disc and other auxiliary components,the throwing performance was greatly improved.
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Weks H . 2022 -07 -14 & H . 2022 -10-02
EE£WB: BRIAE -ZREEANABBNG &1k AL ETE ([2017]487)
TEE R X (1971—) 55 8042, W+ A S0, EZNF LRV B AR 52 & DF5E, E-mail ; 1cc98@ 163. com



108 £~k

IR

2023 4

0 3]

AT AR, A HLAE AR R 8 20 A6 A 28 1 A 48 T
Bk B R AR A WL G T e B S AE T
A MU . AT, A LGOI 3% 3 Oy 1 AT
D43 S0 i 4 s 2 g B WL R ) 40 X A AL
KU S E AR 09 I LA AT B g A
Hr, JERE S L L B 7 1 0 A e T 5 R i X
U HLAE S B I A T AE , T EL 30 $800E b ik ] 2
S — WK Rl BT 36 K, OE A 2 R OER B, 0 e
1 EL p T AOTE B % T s B A, o
PR HR 5k R, BOML R A R, S BRI R 2

25 5 VA B T 9 6k B A 4k A AL 0 17 0 s
B AE A (22 A WA A X AR ) A
FHT BB A T ), A 2 i 11,6 mo fH i T
X AR 4 20 A A R A £ S BORs O Ak T D
T 1) B4 B A% A 70 T M RO 4, L BT S A
W S, S8 O R O A R ) B b Bl B 4R
5 T A P 1 23 18] B G 2R OE AN B, R4 Y
P9 057 5 2 B WAL 43 EL R 1 B4

AT AE K, [ A b2 35 %0 15 4 X O AL B0 4
WO RTS8 22, 00 6H 00 4 =X $8A L 1% BT 5 -5
WA B 5 SO B 3240 3 1 6 R G B 5 A
Ko —IRARAA . AR LT 00 S8 R i 4
AR B 25 G F 7 A, oF5 S 48008 6 B 1 i HE AR
FEAR I A et O T R RS A R Ay A
O AR S 4k 7 1) X BR S T 30° 5 S AT N i
e 85 S AL 6 9 8 25 A 1 I A, o 0 R 8 1 1
I 4 Lt e DA vl i i) 7 A0 3 8 5 e 1 4 0
HEAR (8 RO AT LA gl 00 15, 32 8 T R s
P Y B 5 A ST A R XA 7 AR A AR i A F i
G T L TSR ) A R B b A 2 R
FEHE 8 J FATIE 8 6k FiR AR E, A Ak AT LA 1) 9 0
P B R A T T — R T Sn A HUT A
HLI R 5 1 5 A T 0 T RSO 0 R 1 4 e
B, T LAAG 280 ple A ML PRI 285 K T 5 35 ) 0 4k R
X ) 55 — 2 8 4k 2 YILDRIM ' 48 98 1 K i) AR}
T A [ 5% 2 OI BLAE RO 2 38 12 i i
T SIPE IR R & B RON 2 A A RHR T
(9 24 5] PR A s FULTON 251 35858 7 M B R [l 4
25 3 %8 (5 255 X AL 0 2 0 P S ) A5 0 0
G 3 80— 0 142 % i I 1 ARE 15 © s AT LA S5/ AR
U BBk, B0 44 A0 B 4 5 YILDRIM 257 75 45
S 8 23 S AL F o 0 8 0 B 5 i o
P25 O [ 3 25 A R 2 A kB
M5 S SO R S B A MR 2 5 A

il

o BEARUL, A 25k Chn i 5 8 3 2 ) Xt il
S ST BRI 2 W [ i g HE A D7 2 B
HERHEE .

R FE Y 5 B Bl AR R AR AR 0 AR L % Tk
AT Ak R S R AT R S b 28 ) AL, AS SCORE SR A BIIE
o B SR AU A S i Ty O AT it S
ZHAAL , I 1 i R B 5 56 L R AT M S AR
BOR

1 UEESHE TIERE

X AR A A WL O B 5 S PR 1T,
HONE 50 45 Al B ERAE L b S R PR IR S . H
B AT T RE AR B X B A Ak R O R
B % EL 42 N 500 mm , H XY i 437 B 5 K - J7 1) I £
CHP R A5 £y ) S 75°, 18] 4 op 0 B S 320 mm, fil]
26 B TR I IR 257 R — B 700 v/ min 2% R
Ak B A 265 B B 30 068 1, 44 %8 3 K T 700 1/ min i
A7 B G K T8 O IR 45k s e A o G
F T RE B K4 £ o B R % b TR AR AR
AR S A el DR S P 2 BT, T LA RGO b
Ak M B 5 b e U7 B 2 o 4 5 3o K ) AT 8 TIE
Ak B 1 0 0 T 28 R A 2803 B 5 400 T L 4
5 A 3o /I E AR, 5 0 B R /0N B B 2 e o
BN,

{337
(b) flim

P i 4

Fig.1 Structural diagrams of side throw device
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Fig.2 Structure diagrams of auxiliary roller
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Fig.3 Formation cause and discharge principle of uncontrolled fertilizer
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Fig.4 Mechanical and kinematic analysis of fertilizer

particles before leaving roller
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Fig.5 Mechanics and kinematics analysis of fertilizer

particles detached from roller on XOZ surface
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Fig. 6 Uncontrolled fertilizer jet in the middle area
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Fig.7 Working principle diagram of symmetric spiral blade
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Fig. 8 Structure diagrams of auxiliary roller with symmetrical spiral blade
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spiral blade

Fo=(F, +F, +F,  +F,)sinB+
(Fry = Fpy = Fiy +F . = Fp = F ) cosB (7)

F.
a,=— (8)
At P —— TR Y B A SN
B—iE s, (°)
a,——GURLHS Y Ay 1) ) 0 BE , m/s”

A3 (7) L (8) Al R, NE A BORLAE W X il 1E 7] 32
SRR, 30 AT U Y Bl A IE 6] 55 w02 Bl #Y
SR EORLASORE AT AT S0 . Al 11 f 7R, Ol EAR



112 &l #Hl

3

s

i 20234

W 5 o B MR P A B IR ABORE A S R I
P T £ 2% O KL UL 1) 32 Bl il o vl AR P
F EHBURE S A L S A TR i HERR /N 1) )
o UKL S AR, AT 7 A 28 B G 5 TS B MR E - 1 iR
FHARE ff n]AE I L RHBURL A2 307 1), 37K T A
AR I, T ol D AR ) R R T AR Sy 1) b e HICEY
B T

T A
1435851 iﬁfgg%dkk
P o I I s S
1] I
ARE

(a) B A (b) XFFRIRHEM F
11 PIAR I Fr b IR ASURL AR 90 X L
Fig. 11

Comparison of distribution range of fertilizer

particles on two leaves
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Fig. 16  Single factor test results
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3.4 m i EiR I
3.4.1 T RSLR
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B RFAE M S HO 1K 5048 b 19 58 5L A RS2 o L
T, T IURR A8 T R A AT I RO R R B
YRR S AR Y R m AEEES Y, iR B AR A
F A Design-Expert % 4 ¥ 4 Box — Behnken 0 1 i
T V5 TP R 46 07 SR 58U b o AU D R 2
N 2 s il 7 R G EOR R 3 Fos X, X,
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2 RUFEERFD
Tab.2 Coding of test factors
ES

s HIRHETE x, / (remin ') BRBEA x,/ (°) R s
-1 1936 38 4

0 2218 44 6

1 2 500 50 8

x3 KEARSER

Tab.3 Test scheme and results

e SES PIATREAS S 1 m PR
’b X, X, X, REY,/% L Y,/%

1 -1 -1 0 20. 80 33.74

2 1 -1 0 34. 84 22.717

3 -1 1 0 29.02 31.67

4 1 1 0 37.56 19. 68

5 -1 0 -1 14. 00 33.02

6 1 0 -1 32.34 19. 42

7 -1 0 1 27.46 33.75

8 | 0 1 35.54 23.97

9 0 -1 -1 23.01 26. 34
10 0 1 -1 30.49 22.01

11 0 -1 1 33.38 27.08
12 0 1 1 36. 69 26. 68
13 0 0 0 31.67 25.53
14 0 0 0 29. 88 25.33
15 0 0 0 31. 17 25.79
16 0 0 0 29.71 25.32
17 0 0 0 30. 80 25.35

3.4.2 WA Roabr

X g Bt 2k A7 07 25 0 A 5 2ot A AL 1R
PSR SFRB Y, ML m NAEE S LY, 7

IS AR A9 Il 00 7 B I X A AT W R
(1) B2 A8 5 R AL
M4 AL EEBEE R OS% KT, B
PG P (P <0.01), [ml 4R LI P =
0.524 1, RN A W2, Ul B A7 78 H At 52 ma 3F
AR EEHEE . SHIBEA R ERRE R
Y, =30.65 +6. 13X, +2. 72X, +4. 15X, -
1.38X,X, -2.57X,X, — 1. 04X, X, —
1.82X> +1.73X> - 1. 49X (10)
H X (10) [m1 15 R BCa] 15, 52 0 19 5 B A8 S R 8K
fR DR 3 F2 R Ay e e T SRR E £ o

x4 HAELTRRHAESH

Tab.4 Variance analysis of coefficient of variation

SRR FHFM AmE B F p
L 570. 16 9 63.35 95.23  0.0001**
X, 300. 13 1 300.13 451.15  0.000 1 **
X, 59.02 1 59.02  88.72  0.0001*
X, 138. 03 1 138.03 207.48  0.0001**
X, X, 7.56 1 7.56  11.37  0.0119*
X, X, 26.32 1 26.32  39.96  0.0004**
X, X, 4.35 1 4.35 6.53  0.0378"
X3 14.01 1 14.01  21.06  0.0025*
X3 12. 65 1 12.65 19.01  0.0033**
X3 9.31 1 9.31  13.99  0.0073"
5k 2% 4. 66 7 0. 67

2 LI 1.85 3 0.62 1.06 0.524 1
Jayill 574. 82 16

Teowx TR ESM L (P <0.01), » RREH (0.0l <P<
0.05), T,

(2) 1 m WAL

MRS Al JLEE AR R 95% WA T, Al
S HEA 3% (P <0.01), [l EET G U I P =
0.768 4, LI Ky A &, UL WA 77 78 H AW 52 i 3F 4
ety EEHE R, IR R E KRG 0 EIEEA

Y, =25.46 -5.79X, —1.24X, +1.34X, -

0.25X,X, +0.96X, X, +0.98X,X, +
1.76X: —0.26X; +0.32X: (11)

f L) W R ErT A5, 2w 1 om YAS RS
18 R ZR LY Sy S 0 Bt T W ORI AR E A7
3.4.3  me iy D3 By
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Tab.5 Variance analysis of near fertilizer proportion

SRR ER AWE Jr F P
Y 316. 50 9 35.17 1174.48 0.0001*
X, 268. 42 1 268.42 8964.77 0.000 1 **
X, 12.23 1 12.23  408.34  0.0001*
X, 14.28 1 14.28  477.07  0.0001**
X, X, 0.26 1 0.26 8. 69 0.0215"
X, X, 3.65 1 3.65  121.84  0.0001**
X, X, 3.86 1 3.86  128.96  0.0001**
X2 12.99 1 12.99  433.98  0.0001*
X3 0.28 1 0.28 9.20 0.0190*
X3 0.43 1 0.43 14.33  0.0068 "
s 0.21 7 0. 030

e 481 T3 0. 047 3 0.016  0.39 0.768 4
S 316. 71 16
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Influence of interaction of various factors on coefficient of variation of uniformity
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Fig. 18 Effect of interaction of factors on fertilizer proportion within 1 m
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Fig. 19 Comparison of auxiliary roller dispersion

before and after improvement
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Tab.6 Dispersing test results of new and old

Fig. 21

auxiliary roller %
LiZE LIRS ¥y o) BB S R I m NACA S H
et J5 25.46 25.65
Pt A 46.77 65. 94

S A 56 A e A 8 R A - A A A 1 Y
B ROR TR0 by 591 2 2 et i e Bl B AR e
e 2R T E s S AEOR % 3l 1 b 4 4l HOSOR
TR A L5 2 O T AR O SR 5 D e B A
wRE o 18 22a.22b 23 S 5 R AT A0 i IS i B R 4
0 4 % B A E B 20T B RROCR | 18] 22¢ %
P A i By R e A 0 4 ke R Sl A AL 4 AR
Ao BCHE IR A B AR B 1 O A Bl AR 0 T DUAR 4 i
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Fig.22  Comparison of dispersing effect of new and

old auxiliary roller side throwing device
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