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Stress and Displacement Analyses of Rice and Wheat Straws in
Rotary Tillage Process
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Abstract; Because of two kinds of deformation with tool under general process of tillage, i. e. , bending
deformation with straw extrusion and shear deformation with straw shear, at loading speeds of 15 ~
30 mm/min, and also on two different positions of straw for measuring the displacement in the soil, which
was horizontal and vertical with down-rotary speeds of 180 ~ 280 r/min with the help of color straw
labeled and arranged in lines and paralleled to the rotor axial. The original and final positions of straw
tracers were drawn with Matlab software. It was found that the shape of final positions was similar to the
arrangement of rotary blades attached to the rotor. The results revealed that the bending strength of wheat
straw was decreased with increase of loading speed, and that of rice straw was increased at initial stage
and then decreased with the increase of loading speed. It was obvious that the shear strength of rice straw
was increased, and for wheat straw it was also increased at initial stage and then decreased with the
increase of loading speed. The comparisons and conclusions of experiment were drawn as follows: the
displacement and fluctuation of rice straw were greater compared with those of wheat straw, and the straw
arrangement mode was corresponding through two types of straw distribution, the coordinate position of

vertical straw and horizontal straw was symmetrically distributed on the X axis and X and Z axes,
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respectively. Based on these findings, the rotational speed of 230 r/min can be chosen, meanwhile,

adjusting the operation type and straw arrangement in the field can help to achieve a good effect of straw

returning to field.

Key words: rice and wheat straws; rotary tilling work; bending strength; shearing strength; tracer

method ; displacement; position
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Tab.1 Straw parameters mm
28 N1 N2 N3
K2 o 2.35 2.42 2. 68
2 b 2.41 2.52 2.78
BEJEL ¢ 0.42 0. 46 0. 48
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Tab.2 Bending strength for wheat and rice straw at

different internode positions and loading rates

MPa
Jn#kidie/ INEREFT IR FEREFF
(mm-min~") NI N2 N3 NI N2 N3
15 22.18 20.67 24.79 10.64 13.95 15.99
20 14.63 12.64 16.23 10.88 14.04 12.67
25 7.72  8.64 9.44 7.35 822 8.03
30 579 6.82 7.08 522 6.16 7.62
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Tab.3 Shear strength for wheat and rice straw at

different internode positions and loading rates

MPa
gk A/ INEFEFF IKAEREFF
(mmemin~") N1 N2 N3 N1 N2 N3
15 8.16 15.71 19.34 6.56 7.54 8.25
20 11.16 17.53 22.51 7.99 9.77 10.23
25 12.78 16.87 22.94 10.44 10.33 14.33
30 10.69 13.54 19.29 13.67 12.91 17.43
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Fig.3  Graph of measuring straw burying
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Tab.3 Displacements of rice and wheat straws in range

n ]
SR R/
f = A BRFRE B LARRIV

F2% (remin!
% (romin™") i #%/cm % i #%/ cm %

180 60. 76* 10.24 47.96° 10. 48
INE 230 49. 16" 11.28 41.83° 3.80
280 40.77" 10. 88 34. 69" 9.05
180 67. 63° 4.93 61.07¢ 6. 89
IKFE 230 57.03¢ 7.23 57.12¢ 5.55
280 50. 61¢ 6.76 46.09" 7.41

T Rl — SRS B AN R /NG 58 2R AR BRTE] 7E p < 0. 05 JKF

x4 WEBTEEX

Tab.4 Burying rates of rice and wheat straws %
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