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Abstract: [ Objective | Grass square—lattice sand barriers is is a mechanical sand—fixing method for
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suppressing the wind speed by pressing rice straw into the desert. In order to reduce labor intensity and improve
efficiency, mechanized operation is adopted. However, the straw dynamics of micro—mechanism changes during
the paving process are not clear, it is easy to push the grass during the grass pressing process, the uniformity is
not stable and the grass roller is easy to wear out. Method | Using finite element simulation and theoretical
analysis combined with the structural check analysis of the grass roller, the sand—straw—grass roller interaction
system model was established based on the discrete element (EDEM ) simulation software.Based on the variation
law of simulation, the micro—dynamic interaction mechanism and the wear of the grass roller were studied.
[Result ] The simulation results showed that the structure design of the grass roller met the requirements and
effectively solves the problems of pushing grass; the wearable area was in the serrated tip of the outer edge and
the reinforcing rib, and the sliding friction generated by the slip exacerbated the wear of the roller; the operation
quality of the serrated grass roller was better than that of the disc shaped grass roller, and the pass rate of the
grass roller can be effectively increased by 11.4%j; the sand and soil disturbance profile generated by the grass
roller process was close to the V—shape of the soil touching portion of the grass roller. The sand disturbance
profile generated during the grass compaction process was close to the V shape of the grass compaction wheel.
The higher the speed caused the higher sand disturbance and the higher wear of the grass compaction wheel,
which maded the qualit of paving more unstable. [ Conclusion | The simulation model presents the motion
characteristics of straw, sand particles and grass roller in the microscopic operation process, the discrete
element method is applied to compare the simulation of the grass roller process with the actual operation effect,
and the simulation results are basically consistent with the field test conditions in the desert, which verifies the
feasibility and reasonableness of the design of the grass roller as well as the accuracy of the simulation model ,
and it provides a new method and a new reference for the sand control and compaction machinery.

Keywords: compacted straw mill wheel ; discrete element method ; straw ; sandy soil disturbance ; numerical

analysis; flexibility ; sand fixing machinery
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1:Feed box;2:Mowing CAM adjustment mechanism ;3 : Mowing roller;4: Frame;5: Tire ;6 : Grass conveyor;
7 : Transmission mechanism; 8 ; Deceleration mechanism;9: Grass roller.
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Fig.1  Structure diagram of the grass pressing system of the grid laying and pressing machine
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a.Schematic diagram of the three—dimensional structure of the grass roller
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b.Structural design parameters of grass roller
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Fig.2 Design parameter diagram of grass roller
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Fig.3 Schematic diagram of grass roller operation
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Fig.4  Static simulation analysis of grass roller
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Fig.5 Stress analysis of grass roller
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Tab.1 Basic parameters of the discrete element model
E 21 Bl S8 Bl
Parameter Numerical value Parameter Numerical value

Vb F AR (K xBEx ) (mmXmmXmm )

Size of sand tank

B ZEE/ (m-s™")
Speed of advance
JHEFEREE /mm

Depth of compaction

U WORL (kg m™)

Sand particle density

- ORLAA L

600x600x500"

1.5

150~200

2 650"

0.3

. , . .
Poisson’s ratio of sand particles

U WOk BT VIR i/ MPa

100[15]

Shear modulus of sand particles

Vb 2 R] P e R A TR
Static friction factor between

sand and soil

U 2 A (¥ 3l B 4 D K
Dynamic friction factor

between sand and soil

b 2[RI EE K ST R 8K
Coefficient of friction recovery

between sand and soil

JEH A H L/ (kg-m ™)

Density of grass roller

FEFBRESIAA L

. , .
Grass roller Poisson’ s ratio

0.23"

0.1

0.25"

7850

0.25

JERLURRE 0y YR 4t/ MPa

Shear modulus of grass roller
TSRS/ (kgem™)

Straw density

[ELR (R LN

Poisson s ratio of straw to straw
FE B RS FT By DIBL it /MPa

Shear modulus of straw
FHRASFE Z B4 R 5K
Static friction coefficient between

straw and straw

TR REREAT 22 [ B BE 45 2R KL
Dynamic friction coefficient between

straw and straw

R R AT 22 [ B 0 52 2 K
Collision recovery coefficient between

straw and straw

FEFF M ] i 4 R 2K
Static friction coefficient between

straw and steel plate

FEFF A M 2 18] B PR Z 2
Dynamic friction coefficient between
straw and steel plate

T AT A9 M 2 1] il 43 K 52 2 K
Collision recovery coefficient between
straw and steel plate

R E

Soil particle quantity

102

227

0.4

1.65

0.43

0.24

0.28

0.20

0.15

0.30
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Fig.6  Actual physical structure of sand
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Fig.8 Simulation effect verification of rigid and flexible straw models
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Fig.10  Discrete element model of straw
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Fig.11 Numerical simulation device Fig.12  Physical device of grass roller
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Fig.16  Stress cloud picture of grass roller at every moment within 0.5 s
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Fig.17 Disturbance energy distribution of sand particles
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Fig.18 Schematic diagram of wear position analysis
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Fig.19  Schematic diagram of “push grass” and “carry grass” analysis
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Fig.20 Sand disturbance and laying quality at six different speeds
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Tab.2 Experimental data on straw changes at six speeds

HJE/(m-s™) FEATFALA% /N mm FEATALAS Kt FEAT AR /%

Speed Straw displacement size Straw displacement quantity Straw breakage rate
0.25 12 13 4

0.30 7 3 10

0.35 5 15 2

0.40 15 20 16

0.45 5 8 6

0.50 4 5 4

s e i R e i A R RS AT I LA A RE DT 1) B8 SR | 65 T 2R (6 8 1) 5 RS AT 47 DRI R4 3 1A
o QRSN B D AR AR AR T

XF HE 34 11 20 ORI 2 B 15t 2 RTHLE R 0.4 m/s I, R B o fi 2, T o ) 90 B A R G AT
K s PR R O 0.35 m/s I, RS AT I ATLAR BT IET7 ] 90282 de /) s BREADLIEE B O 0.50 /s FiF, e 5 Jo o i -
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Fig.21  Simulation straw displacement parameter results
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Fig.22 experimental straw parameter displacement results
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Fig 23 Field measurement of grass—crushing compliance
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Tab.3 Straw displacement data and pass rate during field measurement of grass compaction

fi#/m [ 5 /m B th 2 /m
Displacement Disc—shaped Sawtooth
0~2 1.6 1.7

2~4 1.55 1.75

4~6 1.3 1.73

6~8 1.57 1.64

8~10 1.4 1.74

10 m i A 23S 1R/ % 74.2 85.6
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Fig.24  Field test in desert Fig.25 Effect of compressed sand barrier
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Fig.26  Measuring straw length below the sand surface Fig.27  Analysis of pressing depth
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by discrete element Fig.29 Sand disturbance cross section of field test
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