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Simulation Analysis of Straw Movement in Straw — Soil — Rotary Blade System

Fang Huimin' Ji Changying' Ahmed Ali Tagar’ Zhang Qingyi' Guo Jun'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Faculty of Agricultural Engineering, Sindh Agriculture University, Tandojam 70060, Pakistan)

Abstract.; The straw-soil-rotary tool interaction plays a pivotal role in the field of crop production. The
simulation of straw-soil-rotary blade interaction using distinct element method ( DEM ) could be
hypothesized to provide a better understanding of the straw movement. Firstly, DEM model of straw-soil-
rotary blade interaction was established. Secondly, indoor soil bin experiments were conducted to verify
simulation model, positions of straw particle at every moment were used to study straw displacement in
simulation and tracer method was employed to measure straw displacement in experiments. Both
simulation and experiment were performed with four rotational blade speeds (77 r/min, 100 r/min,
123 r/min, 146 r/min) at constant forward speed of 0.222 m/s and depth of 100 mm. The straw
displacement both in soil bin and simulation increased with increasing rotational speed of blade.
Moreover, the displacement in forward direction was larger than that of side direction at all rotational
speeds in both experiment and simulation. The average error of straw displacement between simulated

results and experimental results was about 40% for higher rotational speed while 70% for lower ones. The
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relation equation between relative error and rotational speed can be used to predict the experimental

values, and the error between the predicted ones and experimental ones were 8.7% and 9.3% for

forward and side displacements. Microscopic movements of straws were analyzed by tracing three specific

straw particles. The movement of straw near sidelong edge or lengthwise edge was affected by cutting

edges, the straw located at inner side of sidelong edge slipped off along the border of sidelong edge when

rotary blade started to cut the soil while the straw near lengthwise edge was pushed to move along the

lengthwise edge at the initial stage of soil cutting and later was tossed upward. The movement of straw

away from cutting range was only affected by soil disturbance. The straw particles near lengthwise edge or

transition edge could be buried directly during tillage. It is recommended to increase the ration of straw

burial during tillage by optimizing edge curve and improve dispersed homogeneous degree by selecting the

optimal operational parameters of rotary blade.

Key words: rotary blade; straw movement; discrete element modeling; microscopic analysis
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Fig. 1 Schematic view of soil bin and testing equipment
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Fig.2 Schematic view of straw tracers and device used for arranging the tracers and measuring displacement

10 mm (3R U ARy - HERR 2 Oy TP A A
P55 68 0 A7 ECIS 8], A BF 52 SR JH 14 1 3 AL
R/NH 10 mm, Hertz — Mindlin 5 45 458 71 F ok 454 41
b M ORL 18] 9 AR BAR T o 015 BT 0 Al - 2 JB0RL 22 (18]
AFAEFRTIE 18 AV 15 32 Bl B RG 45 5 24 1E 18] R0 1] 119
O 3 35 B0 i S (ELIRE , G 45 B A 5 e e S OR A5  ok
— Rz g, i TR AT R AR T R R A A% 1 S
e W07 FURS AT — PRAR A e B i g . AR
VLA 128 FH 5o oMb #85 RGP e 7 ] S T G AT A AR ) A
KWFFE, A SCREAT S A EAR N 16 mm  BR.C 8] f
10 mmZH AR 56 mm f{Y 4 2P TR A Sy 5 10
Rio BEREITFI LA BLALAE Pro/E i N2 )5 5 AR
EDEM; S8 Ji5 75 - Ml P9 5 25 5 24 000 A 4 58 kL A1
50 AFEATWURL o TR0 FLIT U6 i, BEBF AL T LAY
— ¥, WLIET 3. fE EDEM B e, LG e B 70 (9 5%
2y J3E AP B T BE 73 3 A E o

B 5E i S B B BOC SRR 200 MR 25
T Ak 2 P2 MR S B AR RS AT L 8 T
JE AR EE AN B D) R R AR 1 2 B T G R ST
BR[23,25 - 26 | A S RO S B 3 (3R 1) 5 4%
il 2R - U] RS AT IR B R
2y BE 5 DU BORIMR 52 22 B4, G R30008 i 5k 51 T SCiik o
Z RO S I i K BRSO R AR o e, -
HHEAN L ETT IR R RG] A SCER (27 ] RS AT

PR S A% ORI EE 4% DR K 5 | SRR [ 25 1 1 e s £
ST 1) 1 E 5 DX ROR T 26 0L BT S 56 14 5 ik
15205 L T R FE- T 10 R B P 45 TR BOCR: AR
SRS b A L 0 A R N 58 o
FEAT ] B HOCTT i 0 TSI fR kA 52 5,
LIRS R RS SR — BUR Z5 R A 2
B D F e R A R SRR ik 2 ik 1 B
Ro

3 i EAH

Fig.3  Schematic of soil bin with rotary blade in simulation
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Fig.4 Comparisons of straw displacement between simulated and experimental results
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influenced by rotational speed
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Fig.6 Forward displacement and force with time for specific straw particles during tillage process
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Fig.7 Side displacement and force with time for specific straw particles during tillage process
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Fig.8 Straw particles and vertical displacement of

straw particles
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