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Design and Experiment of Straw Pickup — Crushed and Deep
Buried Device under Strip-tillage
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(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Key Laboratory of Optimized Design for Modern Agricultural Equipment,
China Agricultural University, Beijing 100083, China)

Abstract; The large amount of surface straws in the no-tillage planting process results in dragging and
piling and the ground temperature rises slowly after planting under the conditions of conservation tillage
and straw returning to the field in the black soil area of Northeast China. Aiming at the problems, a
method that the straw was crushed and deep buried in the strip was proposes, that was, the surface straw
was picked up and crushed by the picking and crushing mechanism, the soil and straw screening was
completed by the sieve holes at the cover, the stalk collecting spiral performed the directional collection
and transportation of the straw, and finally the straw was transported and buried deeply by the straw
conveying fan. The key parameters such as the structure, arrangement and speed of the crushing knife
were designed, and the straw leakage area of the crushing knife shaft was analyzed. Through theoretical
analysis and discrete element single factor simulation experiments, the relationship between the speed of
the stalk screw and the torque and the speed of the stalk movement was clarified, and the speed range of
the stalk screw was preliminarily determined to be 900 ~ 1 100 r/min and the structural parameters of the
ditching shovel was designed. And the discrete element full factor simulation test was used to simulate the
relationship between the operating speed and ditching depth and the movement of surface soil particles
and the force of the ditching shovel, taking the operating speed, ditching depth and stalk collecting spiral
speed as factors, the Box — Behnken test was carried out with the qualified rate of straw buried deep as
the test index. The field test results showed that when the device’ s forward speed was 3 km/h, the
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trenching depth was 290 mm, and the spiral speed was 1 000 r/min, the straw burial pass rate was

64.2% , and its predicted value was about 67. 4% under the similar parameters. The error was less than

5% , which met the design requirements of the device. The method results can provide a scheme and

technical support for the promotion of conservation tillage in the black soil area of Northeast China.

Key words: strip tillage; straw; crushing and deep burying; discrete element simulation
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Tab.2 Discrete element simulation parameter
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Fig. 15 Simulation model diagram
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Fig. 18  Force variation diagrams of trenching shovel in forward direction
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Tab.3 Soil characteristic parameters

WEE/mm  AE/(grem™?)  ELE/kPa FIKR/ %
0 ~100 1.21 622 26.3

100 ~200 1.43 1438 22.6

200 ~300 1.75 2603 18.5

TS S A M RE AT VA TR E X R AT 1 A3 A
A SR ANIF IR S A RS, D 10— 2 R A
AR5 R, B IBCHE AT R e 4 e o B it 2 |
THEREE X5 R 4T Box — Behnken 155, K R
AR 4 s IR ESR IR S TR (X, X, Xyh
ES I

x4 HBREARKD
Tab.4 Coding of test factors

(5ES
g HLEBTHE THETE AR FFURIE i e o
%/ (km-h~") X,/ mm %3/ (remin~")
1 5 300 1100
0 4 250 1 000
-1 3 200 900

x5 HEARRABER

Tab.5 Test scheme and test results

. EES FEHL 2
s X, X, X; Y,/ %
1 -1 -1 0 64.3
2 1 -1 0 39.5
3 -1 1 0 67.2
4 1 1 0 48.6
5 -1 0 -1 59.4
6 1 0 -1 42.6
7 0 0 -1 63.3
8 1 0 1 45.3
9 0 -1 -1 47.6
10 0 -1 55.2
11 0 -1 1 52.4
12 0 1 1 58.3
13 0 0 0 50.3
14 0 0 0 52.4
15 0 0 0 49.2
16 0 0 0 51.2
17 0 0 0 49.8
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Tab.6 Variance analysis of burial rate

TSR CFHM AmE B F P
A 926.3 9 102.92 44.96  <0.0001 ***
% 764. 40 1 764.40 333.90  <0.000 1 ***
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Fig.20  Analysis of double factors interaction
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