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Soil Erosion Law of Contour Rotary Tillage of Hillside Tractoron Sloping Land
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Abstract: Aiming at the problem of soil tillage erosion ( soil migration from the higher side of the sloping
land to the lower side) and its unknown mechanism during the contour rotary tillage operation of the
slopes in the hilly and mountainous areas of the Loess Plateau. Through the combination of theoretical
analysis, simulation test, soil trough and field test, the research on the erosion mechanism of rotary
tillage by hillside tractor on sloping land was carried out in depth. Firstly, the parameter equation of soil
disturbing volume of H245 standard rotary blade under sloping conditions was constructed, the classical
mechanical analysis of the soil disturbing process of the rotary blade was completed, and the main
influencing factors of soil erosion were determined: tillage depth, rotary blade shaft speed and rotary
tillage forward speed. Then, based on the EDEM simulation software, the soil disturbance law of a single
rotary blade and the whole rotary cultivator was studied, and it was concluded that the soil particles
moved backwards under the dynamic sliding action of the side cutting edge of the rotary blade. The

displacement of soil particles in the shallow layer was the largest, the displacement in the deep layer was
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the smallest, and the displacement of soil particles in the deep layer near the rotation center of the rotary
blade was the largest. The lateral displacement direction of soil was affected by the direction of the
tangential edge of the rotary blade, and the bending angle of the tangential edge largely determined the
lateral throwing effect of soil particles. The vertical position of soil particles showed a trend of becoming
deeper and then shallower as the rotary blade was immersed in the soil. Finally, the single factor and
orthogonal tests of rotary tillage were carried out on the spot with the rotational speed of the rotary tiller
shaft, the rotational tillage speed and the slope angle as the test factors. The single factor test obtained
the law of soil horizontal and lateral displacement changing with the above three factors. The variance
analysis of the orthogonal test showed that the factors affecting the lateral displacement of the soil were the
slope angle, the rotational speed of the rotary tiller shaft, the speed of the rotary tillage, and the factors
affecting the horizontal displacement of the soil were the speed of the rotary tillage, the slope angle, and
the rotational speed of the rotary tiller shaft. The regression equation between the soil lateral
displacement, the horizontal displacement and the independent variables was obtained by fitting, and the
optimal operating parameters combination of the rotary tiller was determined under the five setting slope
angles through parameter optimization. The research result can provide good technical guidance for the
high-efficiency and low-erosion operation of the existing rotary cultivator in the sloping tillage area of the

Loess Plateau, and it can also provide research ideas for the innovative design of the subsequent rotary

cultivator for sloping land.

Key words: hillside tractor; sloping land; contour rotary tillage; tillage erosion law
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Fig. 1 Analysis of soil disturbance by rotary tillage

blade on sloping land
LaedEs) 2. skl 3. i 4. il b

A S, —— WL =MIE A AA] THR
Sy, ——PUIIE A ATAJA, THIFR
Sy —— M =AAIE A, A,AL TR
g (%) AL AL PR R TE) 8 R 605
g, () ——A A, ) il 2607 72
FUOAA, A AT o Bl AR
bR, mm
h——HFE TR, mm
R——J&#F J1 [l e 2142, mm
Ti@ B 0 ity a5 F) 2038 7 Sy
{x =Rcos(wt) +v,t

! ! ! !
LN 29N SO

2
y = — Rsin(wt) (2)

i v, VB MV AL 2 Fif 32F 2, km/h
o—ERF I 171 5% ffy S rad/s
——H ], s

B (1) ((2) g
5= f (R = Rsin(wt)) (v, — Rsin(wt) ) di +

h(Rcos(wt;) +v,t, —Rcos(wt,) —v,1,) —

f (R = Rsin(wt)) (v, - Rsin(wt))dt  (3)

e wt, :arcsin(l —%)
311T1}"l
Rcos(wt,) +v,1, =5
®
(4)
2
t,="" 4y
®
_3m
4= 2
®

Koy 0, ——BERE TR AT A, A, A A I ]
BT B T A [l JE TN 1 ) TR T AR 4
FRE RN R A K ) 4 B 00 48R v AR 35 O S 47
B WA I B 2 B T kR g K
Wk P2 R RE TR IV T K B LOIE D) 71 A Ay

0B E E, AR ERE T R
T=Lsin(w-6) (5)

B2 hEdF U] R R

Fig.2  Schematic of cutting soil thickness by rotary
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Fig. 15 Effect of forward speed of rotary tillage operation on soil displacement at different depths
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Fig. 16  Effect of slope angle on soil displacement at different depths
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Tab.1 Codes of factors Tab.3 Varance analysis of orthogonal test result
Ak R 2| SFHAm HEE By F P
N . N N T\ T P SV 5 3
% i i i Ay / DA LT VAR i (8.9
| | BB 135.61 9 15.07 51.15 <0.000 1
(°) (remin~") (km-h™")
1 0 250 10 A 93. 85 1 93.85 318.58 <0.000 1
0 75 300 L5 B 14. 04 1 14.04 47.68  0.000 2
1 15.0 350 2.0 c 12.50 1 12.50 42.43  0.0003
AB 2.89 1 2.89  9.81 0.0166
F2 EXRBER AC 4.41 1 4.41  14.97  0.0061
Tab.2 Results of orthogonal test - i BC 1. 44 1 1. 44 4,89 0.0627
oy H % A B + KT mpiE A 1.95 1 1.95 6.61 0.0370
7 s L
A B ¢ HBVi/em I V:/om B 4.82 1 4.82 16.36  0.0049
! - -! 0 23 153 c? 0. 027 1 0.027 0.091 0.7711
2 1 -1 0 7.7 18.9
5k 2 2.06 7 0.29
3 -1 1 0 3.5 17.5
el 1.53 3 0.51 3.83 0.1135
4 1 1 0 12.3 20.5
5 -1 0 . 18 2.6 a2 0.53 4 0.13
6 1 0 -1 10.5 30.6 BAL137.67 16
7 -1 0 1 2.2 18.1 iR 202.98 9 22.55 38.60 <0.000 1
8 1 0 1 6.7 18.2 A 23. 46 1 23.46  40.16  0.000 4
9 0 -1 -1 6.9 22.5 B 7.03 1 7.03  12.04 0.0104
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1 0 -1 ! 4.8 16.2 AB 0.090 1 0.090 0.15 0.706 4
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17 0 0 0 6.4 21.0 c? 22.37 1 22.37 38.29 0.0005
TR 2 4.09 7 0.58
Y, =20.24 +1.714 +0.94B -3.85C - 0. 154B - K 316 3 1.05 452 0.0896
1.73AC -=0.075BC +0. 084> —=2.27B% +2.31C* a2 0.93 4 0.23
B 207.07 16
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Tab.4 Optimal working parameter combination

at different slope angles
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