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Development and Test of Self-walking Mulberry Garden Integrated Machine
with Variable Proportion and Directional Disperse Fertilization
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(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
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Abstract; A self-walking mulberry garden integrated machine with variable proportion and directional
disperse fertilization was developed to balanced fertilization of nitrogen, phosphorus, potassium and
organic fertilizers on demand and reduce non-point source pollution caused by unreasonable use of
fertilization. The length, width and height of the integrated machine designed according to the planting
row spacing of mulberry garden were 1 450 mm, 655 mm and 1 141 mm, respectively, and the key
components were designed. It was found that the standard deviation of the fertilizer application deviation
was less than 0.4 when the roating speed of the flute-wheel was in the range of 20 ~ 80 r/min. The
distribution of the curved leaves was symmetrical and the fertilization effect was better. The orthogonal
test was used to optimize the directional fertilization plate. The better combination of the directional
fertilization plate was 450 mm in length, 80 mm in height and 100° in bending angle. Through response
surface analysis, the influence order of the factors on the variation coefficient of fertilizer distribution was
as follows; the speed of the fertilizer disperse plate, the distance between the receiving port of the
collision blending device and the center of the fertilizer disperse plate, the working speed of the machine.

The working parameters were optimized. The optimization results were that the speed of the fertilizer
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disperse plate was 290. 1 r/min, the distance between the receiving port of the collision blending device

and the center of the fertilizer disperse plate was 88.2 mm and the working speed of the machine was

0.5 ~0.7 m/s. It was verified that the variation coefficient of fertilizer distribution was less than 40%

when the self-walking mulberry garden integrated machine working at the field experiment. The research

result can provide a reference for the balanced fertilization of mulberry garden on demand.

Key words: variable proportion fertilization; flute-wheel discharger; directional disperse fertilization;

mulberry garden
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Tab.1 Engine technical parameters
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Tab.2 Characteristic parameters of fertilizer particles

ZH £ W e A AL
R/ (kgom ) 1184 2083 2291 1 447
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NER/Naa 0.25 0.25 0.25 0.25
DY/ Pa 1.0x107 1.0x107 1.0x107 1.0 x107
Wk ] % R 2R B 0. 100 0. 144 0.188 0.212
AR [v1) 7 JRE 2 X 0.30 0.30 0. 30 0.30
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Tab.3 Standard deviation of different formulations

P B30 O B 8 s o 22

HAL B A AL
4:2:2:1 0.26 0.26 0.29 0.24
1:2:1:2 0.24 0.29 0.32 0.26
2:3:1:1 0.28 0.24 0.33 0.24
4:3:6:2 0.24 0.27 0.39 0.28
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Fig. 10  Fertilizer disperse plate with different leaves
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Fig. 12 Histograms of fertilizer disperse distribution
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(% 4),A B .CFmHERAKTE,ITEWEME
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Tab.4 Orthogonal test and rang analysis

A B c %55 %
1 1 1 1 1 30. 06
2 1 2 2 2 33. 86
3 1 3 3 3 34.43
4 2 1 2 3 32.02
5 2 2 3 1 30. 58
6 2 3 1 2 34.93
7 3 1 3 2 30. 62
8 3 2 1 3 33.29
9 3 3 2 1 33.39
K, 98. 35 92.7 98.28 94.03
K, 97.53 65. 06 99. 27 99. 74
K, 97.3 102.7 95. 63 99. 74
k, 32.8 30.9 31.3 31.3
ky 32.5 32.6 33.1 33.1
ks 32.4 34.3 33.2 33.2
R 0.35 3.35 1.9 1.9

AR AT 45 B, (o

(a) ZitRE A (b) WAL RS R B
P13 ol SRR Al 25 A ]
Fig. 13 Structure of fertilizer disperse distribution
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Fig. 14  Trajectory of fertilizer disperse distribution
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3 SHMUEENIRRE

T NEAST B B O 485 o0 o /N 2 45 X6 A A et
Io] $OIE £ 31 5 A% 2l B P AR HT, HUIE B 5% 32 52
WO AR S REOW FZ R R . HLE BT /R
HE Y AR Ak 23 3 BUHUIE 3 A Y S P R AR . S A
BLTAEMERE , % 5% el B A X8 Lo e IE 22 1) #0IE B 3
A7 H DR B0 o 326 5 4N 43 % 0 | S MILAE b ook B R il
FEBIR WO 0 S5 HOR &L R 3 AN E AT
FERTHOIE 1 50 PR ) 52 e, R 3 TAE S8
3.1 RIEFEREIELE

PEE 1 000 mm x 1 000 mm Ff 44 AE X 32, %1l 43 A
100 ASHH [F] A/ B A%, 46 31 1 A4 A% o 1 L 4
A DL 4 Fh I RHSURL G A5, 1508 RHE S R4
3.2 HEMSERLRE

FH =R =K IE s A5, DUEOE 2 1
A5 5 2B IR AR bR BEAT = H = KT R B TR
AR g . SRl 4 b, g3 it 8 45 2 Bt 1) &R
750 kg, 5 it 5 4 Bt FH AU 600 kg AL 300 kg
BRAE 450 kg, 36 it FXAE 55 23 15U IE it 450 kg | AT
300 kg, 3% it 4 JIE 45 2 Bt it A AILAE 450 kg, 4RTE
R HUIE 8 5% 3 5 200 ~ 400 v/ min ], 41E W 98 BB
/2 0.8 ~ 1.4 m 1700 M SRl T 2K, 1l 3
0.5~0.7 m/s BEWE W & 5% bl 8 e I 75 oK o TR Utk
TEFE UL £ 4% 3l 200 ~ 400 r/min, /E b B R
0.5 ~0.7 m/s, filf 18 8 & f SORE 1 5 00 4% A0 3R
B 60 ~ 100 mm, it IEsC I . 1F 2SI K &R S
T anZR 5, me N 1 43 A R ey 58 A R R 6 ik,
R.S.D JHZ Fith{H
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Tab.5 Experimental factors and codes of orthogonal test

M
i 1 RS 28 e e/ Elb 38 5z /
IE B/ mm
(remin~") (m-s™ ")
1 400 0.7 100
0 300 0.6 80
-1 200 0.5 60

XTI A A8 S R A AT Z o ml H LA, 15 3

O A1 728 S R 805 10 I 3R A R 2 00 (] 1 5

H
C,=8.98 +3. 18R -0.385 -0.329D —
3.28RS —0.99RD +0.66SD +8. 42R* -

1.23S8% +2.02D° (18)
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Tab.6 Response surface analysis test program and results Tab.7 Variance analysis
o P& SRR F3. THE AmE W F P
R S D % R 70 543.00 9 60.33  13.31  0.0013
1 0 -1 -1 11.75 R 81.09 1 81.09  17.89  0.0039
2 0 1 -1 13.53 S 1.16 1 1.16 0.26 0.628 0
3 0 0 0 8.98 D 86. 46 1 86.46  19.08  0.0033
4 1 0 1 18. 15 RS 43.03 1 43.03 9.50 0.0178
5 0 0 0 8.98 RD 3.94 1 3.94 0. 87 0.3821
6 -1 0 1 13.26 SD 1.73 1 1.73 0.38 0.5563
7 1 1 0 13.51 R 298. 16 1 298.16  65.08  <0.000 1
8 1 -1 0 24.69 s 6.32 1 6.32 1.39  0.2762
9 0 1 1 9. 12 D 17.22 1 17.22 3.81  0.0922
10 0 0 0 8.98 % 31.72 7 4.53
1 0 0 0 8.98 08 31.72 3 10. 57
12 -1 1 0 14.21 B 57472 16
b 0 - ! -7 FE 2P <0.001 M 5L P <0.05 S %
14 -1 0 -1 18.7
15 1 0 -1 27.56 A S R BGE W K s i1 & 15b W] LU A S 4B TR
R 0 0 508 ORE T 5 1 B B 8 L 52 O 16
17 -1 -1 0 12.27

3T Iy 22407 (36 7) AT, Y £ 0[] A
F=13.31,P=0.0013 <0.05, i PR 2 0 19,
R, =0.873 8 Ui W %45 54 f i B¢ 87. 38% 14y i 1 {5
(A5 Ak, e RAL R® =0.944 8 > 0.9, 3% #  fjy
L {E 5 S 2 1) A OGP, AT L R £ 0 ]
U 7 ot 4k 45 R R AT S B AR

7 W 7 T PR AP 1S A%, AR I S I
V] e 26 e 2R IR, 43T T 45 sl e 4 1R s AR} 1
5 A 58 v B R e AL AR Al o o HE 4 A A S
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o B 85 114 20 A TS 2 SO 45k s R i 45
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VI 1S 0 2k 7 S ) 7 T IS Y, % P AR 2k 7 3t

LAl 58 42 10 OB 11 55 48018 2 b o0 2 6 SROAE 2 A
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A AR I ORI S OIS B O BE R R BLYE
B

VIO 73 A A8 5 R AU/ B, R4l — ik £
T[] 4 7 2 e 7 i T T AT OIS 48 5 | Al
P2 IR i WSORE E1 R HOIE 28 rh O IR B R LA o B 3
AR BE TAESBARAL DAL Ry - O B 7 1
9 290. 1 v/min , filf 18 45 18 B WSORE 11 B 45018 8% o BB
B0 88. 2 mm  BEALAEML B BEYE I 0.5 ~0.7 m/s,

Fie BR B f 2 B50O0E & 38 43 I L 3, 43 58 S
WK 16 fis .,
3.3 HYHAEMERE
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Fig. 15 Response surface of coefficient of variation of fertilizer distribution
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Fig. 16 Structure diagram of sample test machine
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Fig. 17  Field test
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Tab.8 Result of coefficient of variation of fertilizer

distribution
R/ HOAT A5 728 5 R H/ %

(m-s™ ") A il B HHLE JEREN
0.5 18.5 19.3 36. 1 16.9 18. 4
0.6 22.5 23.1 35.6 19.5 24.1
0.7 25.1 25.5 36.8 24. 4 26.5

il i 3 8w, el F O AR L S IS RE A JHOIE
BLAEAS [) 3 B2 T AT HIOIE I B9RE A4 HI0IE 0 A 728 S

F2BOZ A 10 S R K, 5 I R RO A
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I 43 75 715 S5 2R K50 25 4 o 338 B 1 94 A T 4G K, 4 i
LA A A 1) ML 20 A 78 S5 2 50, B 40 ol B2 494 K
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I BIL B 4R 43 7 78 S5 2R K A1 T G AT WL k3
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