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DEM Analysis of Spatial Distribution Quality of Rotary Tillage
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Abstract. The spatial distribution quality of straw in the soil has a significant effect on the decomposition
rate of straw and the distribution of soil nutrients. To explore different rotary tillage operation parameters
on the quality of the straw spatial distribution, simulation model of rotary tillage straw returning rotary
tillage operation simulation process was built based on the discrete element method, and combined with
field experiment with different speeds and qualities of straw spatial distribution of the knife roller speed
comparison to test and verify. The simulation and field experiment areas were divided vertically and
horizontally, the number of straw in each area was calculated, and the spatial distribution quality of straw
under different rotary tillage operation parameters was evaluated using the coefficient of variation of straw
ratio as the index. The results showed that in vertical stratification, the variation coefficient of straw ratio
in each layer was increased with the increase of cutter roll rotation speed, and the minimum value was at
240 r/min, and the simulation value and test value were 60. 09% and 80. 65% , respectively. However,
with the increase of advancing speed, the coefficient of variation was decreased at first and then

increased, and the coefficient of variation was the smallest at 0. 50 m/s, and the simulation value and
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experimental value were 61.00% and 79.90% , respectively. In the horizontal division treatment, the
increase of cutter roll speed had no obvious regular effect on the variation coefficient of straw proportion in
each layer, but the increase of advance speed could reduce the variation coefficient in the longitudinal
division area, and the minimum value was 11.36% and 20. 12% at 0. 75 m/s. The variation trend of
simulation value and field value was basically consistent. The maximum mean difference between
simulation and test values of vertical distribution and horizontal distribution was 22. 13% and 12.23% ,
respectively, and the error was within the acceptable range. The discrete element simulation can simulate
the spatial distribution of straw under different rotary tillage operation parameters, which can provide
support for the rapid prediction and evaluation of straw returning operation quality. It can also provide a
theoretical basis for the selection of operation parameters of rotary tiller.

Key words; straw returning; rotary tillage; work parameters; spatial distribution; discrete element

simulation

0 3|

T R 38 T A S 76 90 7 FF 5 A3 28 B0 R0 L O 0k 2
— U URAUTT LA b S R AT 55 8 1 R Y BR 95 e )
S, T LA FEJ R T 104 65 A% B A8 B 0 AR 9 A K i
A R LA R T R, AT LA S
ARIESHSE R L BB AE J1 oAb, B AT I
I 3254 AR R AR K AR B A A
a5 LA AR Y

F R ALBR AL RS FF A AL 7 5% 32 200 o Bk
SR BUHRR B A BV A R i B A
S B T T B KR, 2 IR (EAE L
5 R R 3 7 2 8 A R R 0 5 B IR A D
Vi HEL A FE B A8 0 T A0 1 2 (L 2 i R
VA 3, W e AR RS T 114 5 ik 2R, EL S B 9 1L T
Vel BEFE A, VR i Hb 2 T 9 B 450 22 5 M L Mot o 1
Jr 2, R IR AR L 6 AT 78 5 3 b i 43 A 5
SRR TR TR AT A JS A R [R] IR A A AL
A7 REFEAR 03 S0, e TR KV b R e B
FRAE X, A J % 58 SR e B 14 7 3 AT R AT
70 B S R T S o i 2 ) 43 A
oAk 2 S ARG T A GG e T R T 93 v ) 23 (]
A 5 i BT DU R 20 A R A0 G S A 2
T AR, A ] T 198 v B 45 R T 1 78 43 A,
T R R A T T A J e R

AL BEAE Sk, | P Ah 2 5 I AL S RS FEAE
b 2 Ay AR B HE AT T AR e RE R A
il 2 B TS T R A K AR Oy oK A T HLE
S TR 46 ob 7 T E - 38 T 2 43 A bR 0 B B B3
A 1k, 1 5 Z BB AR b 2 B0 AT 25 ) 43 A
RS BT SE . 8 BT 08 1 TR 10U [l 90k 78
WS IR B A S E R 2 B i AR T | W 25 30T B 4 Ok
] PN 4h 2 5 BRI 58 R 36 2% B, R P B C 0 2R
ASL AT LKL - 9 900 i) B AR A P L AT LA 4
AP HUBE A FE L/ s A0

il

PRI, AS T 5 0 T 2 HOG % X AN [] TR A ol 2
UM REFF I 23 (8] 23 A B E AT 5T, E — 2 4 S
[F1) 8 6 560 31, 368 3 A 23 A A [ 4 b 2 80T AT A
b S A A ] 3 A B, DL O R RS AT I A
B 4 B s 0 A9F R 4 SRR (R IR SR e A L.
PEalk 2 B0k £ 42 BB AR 3

1 HEEHRLE

1.1 R =

2020 4F 11 H7ER 5 i S & XN E B A 55 1
(118°55'E,32°25'N ) 47 I [ g #F i 50 , % 4 Xy
R AR X, R HONEETORG + | Forh ok mbkn R kL
KA B T S B 5 5 R 39.67% (21.20%
38.96% 1 3.02% , i 5% JF 4 A, A sl BURE %
XTI 0 ~40 em £ )7 HIEAY IR LR 5 KR
FLBR B A AT I 5, BAR S8 1 R, JERIA
50 em x 50 cm (1% 5 ] BOREAE X A5 AR AT FR EE, DA
FH () 766 ATl 749. 62 g/m’ . R 56 JT 4 A X #th 2
TN

F1 RWEHEO0~40cm tELTIESH

Tab.1 Soil parameters in 0 ~ 40 cm soil layer before test
+Z/em IR 5 /kPa TR/ % LB/ %
0-~5 264. 35 30. 25 56. 16
5~10 356.48 29.65 52.58
10 ~ 15 620. 58 26.42 51.36
15 ~20 1203.28 25.13 43.12
20 ~25 1 156. 80 26. 54 40. 56
25 ~30 1352.46 24. 68 41.39
30 ~35 1298. 65 24.36 40. 98
35 ~40 1412.35 23.35 41.08
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Fig.1 Field in situ integrated tillage test rig
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Fig.3 Discrete element simulation model of

rotary cultivation straw returning to field
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Tab.2 Simulation model parameters
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Fig.4 Schematics of horizontal area division
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Fig.5 Straw display effects and statistical schematics of number of straw in each layer
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Tab.3 Proportion of straw in each layer after operationat five kinds of knife roller speeds %
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Fig. 6  Variation coefficient of proportion of straw in

each layer after five kinds of knife roll speed operation
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Tab.4 Proportion of straw in each layer after

operation at three forward speeds %
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