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Abstract; Soil cultivation, the part and parcel of crop farming, can provide a good peripheral
environment for tobacco growth. In order to solve the problems of traditional soil cultivation’s operation,
including the lack of centralized throwing soil and the poor effect of fixed-point covering soil at tobacco
fields in southern China. The soil-banking machine with centralized soil feeding and double-sided lateral
delivery was designed for tobacco based on the mode of breaking up the soil after rotary tilling,
centralizing throwing soil and soil lateral delivery. The soil engaging component was researched and the
process about centralized soil throwing and lateral delivery on the basis of the theory of soil milling and
soil auger conveying was analyzed, and the main structure and operation parameters of the equipment was
confirmed. Based on the EDEM discrete element simulation technology, a component-soil simulation
model was established. The forward speed, rotary tillage depth, and rotation speed of the auger shaft
were the test factors. The soil height, soil width, and soil fetching rate were used as test indicators, and
the simulated quadratic orthogonal rotation regression test was carried out. Field experiments were
conducted on the basis of simulation. On the basis of simulation test values, the test factors were
optimized and analyzed. It illuminated that when the forward speed was 0.4 m/s, the rotary tillage depth
was 60 mm and rotation speed of the auger shaft was 339 r/min, and the soil height was 27. 76 mm, the
soil width was 132. 94 mm, and the soil fetching rate was 23. 66% . The field test results showed that the
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soil at the trench was loosened and cultivated soil working was stable, and its soil height was 24. 37 mm,

soil width was 130.42 mm, and soil fetching rate was 21.19% . The deviation of the test index was

respectively 12. 21% ,

1.90% and 10.44% , and the research result would provide a way to strengthen

integration of agricultural machinery and agronomy about tobacco soil cultivation technology.

Key words: tobacoo; soil-banking machine; auger; centralized soil feeding; double-sided lateral

delivery
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Tab.3 Basic parameters of discrete element model
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Fe b o X PR 2 KR g 5 A s HLELVE L B8, A
W AT @A B o IR FLAE SR v s a0 48 B 1Y
PR AT B 3 o i & I R AL i T S 8k,
I ZAR WG B AR R & 5 RS
WL 4 Fros ) B 5 AR S R, X, X, X,
e 1T

x4 HBEEEHD

Tab.4 Experimental factors and codes

o iis AL EL i 3 B e B R i WERE K 3% i Al e
%, /(mes™ ") x,/mm %3/ (remin ")
-1.682 0. 180 46. 6 232.73
-1 0.239 50.0 260. 00
0 0.326 55.0 300. 00
1 0.413 60.0 340. 00
1. 682 0.472 63. 4 367.27
3.3.2 KR

H ] Design-Expert 12 8 %t 180 5 45 R 47 —
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Tab.5 Test plan and result

s iE3 LR LR R
X, X, X, h/mm  mm k%
1 -1 -1 -1 21.28  126.49  20.71
2 1 -1 -1 21.84  127.85 21.48
3 -1 1 -1 23.68  129.14  19.60
4 1 1 -1 22,97 128.70 18.95
5 -1 -1 1 24.57  128.93  24.37
6 1 -1 1 26.02  131.64  26.35
7 -1 1 1 25.73  131.29  21.65
8 1 1 1 28.08  133.81  24.09
9  -1.682 0 0 24.45  129.19  22.09
10 1.682 0 0 25.67  130.74  23.47
1 0  -1.682 0 23.32  128.52 24.74
12 0 1.682 0 25.43  130.38  20.11
13 0 0  -1.682 21.61 126.61 19.13
14 0 0 1.682  29.27  134.50 27.53
15 0 0 0 23.40  128.57 21.04
16 0 0 0 23.83  128.21  21.37
17 0 0 0 23.29  128.98  21.01
18 0 0 0 23.10  128.06  20.69
19 0 0 0 21.93  126.62 19.42
20 0 0 0 23.20  128.49  20.85
21 0 0 0 22.35  127.75  19.97
22 0 0 0 23.04  128.36  20.68
23 0 0 0 23.16  128.19  20.76

W IR A3 B, 3F HEAT 22 0 I LA A g
FRE R KRR L R kT X, X, X ]
55 IR AT W PR 5

B A BE b 7 2250 ANk 6 Fron o Ho XX A
R IRR 3 (P <0.01) 3 X, X, X7 X3 X h 520
B3 0.01<P <0.05); HAFEREX h 500 A i 3
(P>0.1), #HFE X+ & E b 5w =7
H

h=23.05 +0.42X, +0.75X, +2. 01X, +
0.55X +0. 68X

Xf b3 [l Oy AR HEAT R R g, 25 SR ANk 6 U
AN GRAUI P =0. 1559, R (P >0.1) ,iEAFF
e AL IR e AR 1) EEE R R . IS An Ak 5
IR AFAE BB 1 ZOCR g R G 3L,

B R EE DT 2T anR T i, H XX,
X, XD X5 % LA B (P <0.01) s e R 1
AR E (P >0.1), 2 KR X5 LB 152 m
14 1l U5 5 A% Sy

1=128.15 +0. 64X, +0. 82X, +1. 96X, +

0.57X} +0. 78X

X bR Il 5 R AT R AU B, 5 R ANk T

ARG RAUI P =0.3063, R (P >0.1)  IEWIALF

TE HAb S R IS e bR py EEE R, K018 AR AR 5
R EAAEEEN IRKER, I as R A,
k6 EIEELFEDW

Tab.6 Variance analysis for soil height i

AR PHM AWME B F I
FEAY 81.13 9 9.01 19.30  <0.0001 "
X, 2.38 1 2.38 5.10 0.0418"
X, 7.71 1 7.77 16.63  0.0013"
X, 55.43 1 55.43  118.66  <0.000 1 **
X, X, 0.017 1 1 0.0171 0.0366  0.8512
X, X, 1.95 1 1.95 4.18 0.061 8
X, X, 0.0120 1 0.0120 0.0257  0.8751
X3 4.80 1 4.80 10.28  0.0069*
X} 1.50 1 1.50 3.22 0.096 0
X3 7. 44 1 7.44 15.92  0.0015"
k2% 6.07 13 0.467 1

2 3L 35 3.50 5 0.7009  2.18 0.1559
S 87.21 22

Hoowx FARMBEE(P<0.01), * #REE(0.01<P<0.05),
T,

®7T BLIWEIFESN

Tab.7 Variance analysis for soil width /

AR FHAM AmE B F r
1oAY 87.06 9 9.67 18.68  <0.0001*"
X, 5.61 1 5.61 10.85  0.0058 "
X, 9.12 1 9.12 17.61  0.0010*
X, 52.43 1 52.43  101.27 <0.000 1 **
X, X, 0.4950 1 0.4950 0.9561 0.346 0
X, X, 2.32 1 2.32 4.48 0.054 0
X, X, 0.1326 1 0.1326 0.2561  0.6213
X3 5.15 1 5.15 9.95 0.007 6™
X2 2.38 1 2.38 4.61 0.0513
X; 9. 62 1 9.62 18.58  0.0008*
B 6.73 13 0.5177

I AU 3.19 5 0.6386  1.44 0.3063
S 93.79 22

WAk Jy 225 B n ke 8 s, Hirb X, X,
X7 Rk BSS R I  (P <0.01) 3 X, X3 X k [y
I % (0.01 <P <0.05) ; HA KRR XS k5w
BEP>0.1), F£HREXNE A EZupyEE Y
h

k=20.66 +0.5X, —1.2X, +2. 19X, +0.59X; +
0.46X2 +0. 78X

XF b3 a5 B AT AU g, S5 R an Sk 8 B
TNGRIUI P =0.1492 , KRB E (P >0.1) IEHAFF
1EH A w56 5 br 1) EE R I ds b A
WERATERERN ZIRKER T8 RE
3.4 A7 ghE S AT

ffi Fl Design-Expert 12 8445 £odf 40 3, 753 Hh AL
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Tab.8 Variance analysis for soil fetching rate %

AR PHM A®ME ¥ F I
8L 109. 17 9 12.13  23.25  <0.0001**
X, 3.45 1 3.45 6.61 0.0233"
X, 19.71 1 19.71  37.78  <0.0001*
X, 65.23 1 65.23  125.03  <0.0001*
X, X, 0.1152 1 0.1152 0.2208  0.6462
X, X, 2.31 1 2.31 4.43 0.055 3
X, X, 0.224 4 1 0.2244 0.4302  0.5233
X3 5.41 1 5.41 10.37  0.0067 "
X} 3.33 1 3.33 6.39 0.0252°
X3 9. 62 1 9.62 18.44  0.0009*
B 6.78 13 0.5217

2 L5 3.95 5 0.7906  2.24 0.1492

Jo¥ill 115.95 22
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Fig. 14 Response surfaces of influence of test factors on index
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Fig. 15 Field test diagram
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Tab.9 Field test results of prototype
I WS E/mm B4R /mm W%/ %
1 24.34 130. 31 21. 14
2 23.92 129.75 20. 69
3 24. 86 131. 21 21.74
SR E 24.37 130. 42 21.19

H 229 Al g0, SR HLAE L3S £ R 24. 37 mm, B £
MR EE A 130. 42 mm, U+ 21.19% . H A5 h
3ATEMN A S5 05 K I AR — 3, 1R 22 5000 A
12.21% 1.90% 10. 44% , {525 5 5 B ALE
T R E , PEREAT B BT R

5 g

M FA I 45 RO e AF i 2 B B 1 B0RE
I 5 L3k, 76 B 0 A% — BT $ P LAY AR
FE AR X AR, I 2 MR i % 4 o o bR, 7K
- W i 15 % e T A T RE NS A ORE AR T IR
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TR I - SEEAURE Y 1] 350, 52 o 0] ok SR 5 LA
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Fi 0 T SRR DR 2 i 1 A% e A9 1 2 B i i AL 2 i
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A F )R Ll 309 e A v e A 25 0 1) - 4l 988
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5 K IR 1 A 2 S B A R A L
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