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Simulation and Experiment of Spatial Distribution Effect after
Straw Incorporation into Soil by Rotary Burial

ZHOU Hua'? LI Dong'® LIU Zhengyuan' LI Zhiyi"”> LUO Shuangcheng'® XIA Junfang'~
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China)

Abstract; Traditional rotary tiller ( TR), straw rotary burying and returning machine ( SR) and
subsoiling combine straw rotary burying and returning machine ( SSR) were simulated by discrete element
method and compared with field experiments. The spatial coordinate of straw in soil was measured by the
developed measuring device of straw three-dimensional coordinate, and the spatial state of straw in soil
was restored in the three-dimensional drawing software. The straw was quantified and visualized in the
three-dimensional drawing. The uniformity of vertical and horizontal distribution of straw in soil were
studied by layer, horizontal and vertical division of sampling cubes. The corresponding simulation models
were established in the discrete element software, and the same operation parameters were set up with the
field experiment. After the simulation work was completed, the amount of straw in the area were
calculated by setting different Geometry Bins. They corresponded to the actual field operation of the
layer, horizontal and vertical division. The results showed that in the layer process, both the simulated
and measured values, the amount of straw buried in the soil by SR and SSR was significantly larger than
those of TR, especially in the lower layer of soil, which was several times as much as that of TR. In the
layer treatment, the variation coefficients of the simulation and measurement of straw proportion in

different layers after TR, SR and SSR operations showed a decreasing trend, and the variation coefficients
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of SSR were the smallest, which were 28.8% and 28.7% , respectively. The variation coefficients
between simulated values and measured values under three kinds of tillage equipment were not very
different, with an average error of 9. 6% . There was no absolute regular of variation coefficients between
simulated and measured values of straw proportion of TR, SR and SSR in the landscape orientation and
portrait division, but the variation coefficients of SSR were the smallest in the whole, which showed that
the uniformity of vertical and horizontal distribution of straw in soil was the best after SSR straw

On the whole,

element simulation fitted the spatial distribution of straw well after field operation, and the relative error

incorporation, whether in discrete element simulation or field experiment. the discrete
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was within acceptable range.

Key words; tillage equipment;
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Tab.1 Soil and straw parameters before tillage

ZH B fE
IR S /kPa 1948.7
+HEEKE % 21.2
FHTHIE/ (grem ) 1.31
& FF 55 BE / em 40.9

AT E I/ (gm ?) 12787

1.2 RKEHE
12,1 #HER & 5l it

P2 25 04 3 Fh 2R AU AL SRR HL (TR) F%
FFE #838 THAL (SR) L TR A + F5 AT Jie B ik 11 AL
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Fig. 1  Structure diagram of rotary burying blade roller
of SR and SSR
LRBER T 2. BERE T 3.T) 4 J14 5. Ul

H T4 AL A4 A 2R RE | Bl g Bl B e
PR S5 25 2 08 i AT B B R 7 A s e . R, X
3 b B A 2 A e A TR Al 2 B AR i 5E
2 000 mm 4t S AL/ P 3 B2 1. 55 km/h, J] 4R 5
327 v/ min, {5k R EE K 150 mm, 43 £
250 mm,

1.2.2 F5FF S ) oA 0 i T H b BORE D5 3k

Ry S BRAE AT 23 6] 23 A 00 6, Bt 1T — R RS AT
YRR BRI R AN 2 TR ZCRCE R A
P, LR s 1 AR AR A
i bm R ROBICR A BB TR B RURT T R AR R

B2 FEAF =4 pp il i 2
Fig.2 Measuring device of straw three-dimensional

coordinate
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Fig.3 Restoration of straw position in drawing software
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Fig.4 Discrete element simulation model of SSR
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Tab.2 Contact parameters of model
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Fig.5 Straw models in three-layer computing areas
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Tab.3 Straw parameters of three tillage equipments
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Fig.6  Straw incorporation status of TR, SR and SSR
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Tab.4 Simulated and measured values of straw vertical distribution under three tillage equipments

UESE! S
i T A R A i /% AT B/ mm A & o/ %
TR SR SSR TR SR SSR TR SR SSR TR SR SSR
2 19 23 26 45.2 37.1 36.6  2058.1 3353.7 35354 456 34.5 39.4
iz 18 29 29 42.9 46.8 40.9  2138.2 4602.3 3439.1  47.3 47.4 38.3
TE 5 10 16 11.9 16.1 22.5 3221 1752.5  1999.1 7.1 18.1 22.3
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in different layers under three tillage equipments
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Fig.8 Coefficient of variation of straw horizontal

distribution under three tillage equipments
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