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1. Feeding port 2. Upper sand plate locking ring 3. Shell gap adjusting ring
4. Shell unit upper cover 5. Upper sand plate 6. Lower sand plate 7. Inner wall of
shell unit 8. Discharge port 9. Connecting shaft
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Fig.1 Schematic diagram of shell stripping unit structure
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Note: AB is the length of the working interval on one side, mm; BC is the
diameter of the cavity, mm.
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Fig.2 Schematic diagram of the position of the upper and lower
sand trays
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Note: Fs1is the extrusion pressure of the upper sand plate on buckwheat under
tilted posture, N-mm™=; Fyyis the friction force of the upper sand tray on
buckwheat under tilted posture, N; Fyjis the centrifugal force given to
buckwheat under the sand tray under tilted posture, N; Fr2is the friction force
of the lower sand tray on buckwheat under tilted posture, N; L is the length of
buckwheat, mm; H is the size of the husking gap, mm; @ is the horizontal a

ngle between buckwheat and the lower sand tray in the shucking interval, (°).
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Fig.3 Force analysis diagram of buckwheat in the shelling interval
under inclined posture
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Note: Fp is the extrusion pressure of the upper sand plate on buckwheat under
horizontal posture, N - mm~2; F '3 is the friction force of the upper sand tray on
buckwheat under horizontal posture, N; Fy; is the centrifugal force given to
buckwheat under the sand tray under horizontal posture, N; Fq is the friction
force of the lower sand tray on buckwheat under horizontal posture, N; & is the
height of buckwheat, mm.
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Fig.4 Force analysis diagram of buckwheat in the shelling interval
under horizontal posture
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Fig.5 Schematic diagram of two shell breaking methods
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Note: Fsis the extrusion pressure of the improved upper sand plate on
buckwheat, N;Fis applied to the shell for the previous bump, N;F2is applied
force to the shell for the latter bulge, N;dis the Angle with the vertical
direction, (°).
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Fig.6 Analysis diagram of buckwheat breaking force after
improvement
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Fig.7 Schematic diagram of the measurement position for three-
dimensional dimensions of buckwheat
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Table 1 Measurement results of three -dimensional size of

buckwheat
L JUAK:J& Three-dimensional dimension
R — —
Name e K L
Height /mm Length /mm Width /mm
Bz
Buckwheat 3.81 5.63 3.75
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Fig.8 Texture structure and shape of the working interval of the
improved sand tray
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Table2 Comparison of friction coefficients of buckwheat on
different material surfaces
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Table 3 Required parameters and values for simulation

PR TR PRI
Materials Friction coefficient Angle of repose/(°)
Rl
E‘NW/ 0.500 26.56
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304 AN
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FOA A
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7075 aluminum alloy
45 ‘54X 45 steel 0.420 22.78
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b. Buckwheat particle trajectory
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a. Buckwheat particle distribution
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Fig.9 Simulation diagram of buckwheat husking process
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Parameters Value
FRETRALL 03
Poisson's ratio of buckwheat .
FEHE
Buckwheat density /(kg-m ) 1034.48
FRE B E 847
Buckwheat shear modulus /MPa :
JERD FARA LY 0.200
Poisson's ratio of original sand tray :
JR RS L 3210
Density of original sand tray /(kg-m ™)
S IR 45x10°
Shear modulus of original sand tray /MPa :
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Static friction coefficient between buckwheat and sand tray :
TR LA R R R 0.20
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U G B AR LE 03
Poisson's ratio of the improved upper sand tray :
U G B R 7800
Density of the improved upper sand tray /(kg-m )
B - BB Ix10°
Shear modulus of the improved upper sand tray /MPa
TR IR AL 0.610
Static friction coefficient between buckwheat and buckwheat :
TRE IR B R 0.150
Dynamic friction coefficient between buckwheat and buckwheat :
TR IR RAR IR R 0.200
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Collision recovery coefficient between buckwheat and improved upper  0.44
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HFe L AR
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Gap of Shelled unit /(mm)
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Fig.12 Schematic diagram of test bench
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Fig.13 Diagram of unshelled buckwheat status
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Table 4 Results of buckwheat husking tests were carried out in

different shelled units on sand trays (%)
RIGFEFR Test index
Rb R A AR ez
Upper sand tray structure Percentage of perfect ~ Percentage of broken
kernel kernel
JR B
Original sand tray 37.64 452
R LE ERb A
Semicircle textured sand tray 15.61 0.62
— 409 48
=ML b 3982 4.48

Triangular textured sand tray
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Table 5 Peeling efficiency of semi-circular texture structure under

different peeling gaps (%)
A RIGFEFR Test index
Gap /mm BEH (IS
Percentage of perfect kernel Percentage of broken kernel
3.7 49.27 15.36
3.8 3241 9.16
39 32.32 5.96
4.1 18.59 3.53
4.3 9.59 1.40
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4.9, 5.0. 52mm AR EFEE, FRERREIR, il
MG 58, Wk 6 B,

*6 ZAMAIREMAENRRIFTER TRRITHE

Table 6 Peeling efficiency of triangular texture structure under

different peeling gaps (%)
- PRI FEAR Test index
Gap /mm BE W%
Percentage of perfect kernel Percentage of broken kernel

4.6 54.38 18.95
4.8 45.57 8.49
4.9 44.03 5.59
5.0 41.09 3.75
52 18.53 1.36
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4.6474849505.152
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texture varies with the gap
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a. Peeling efficiency of semi-circular
texture varies with the gap
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Fig.15 Experimental results comparison chart
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Analysis of the hulling mechanism for the buckwheat and improvement of
texture of hulling unit

FAN Bin'? , RUAN Hongbao' , JIN Tianshun!, DU Wenliang®

(1. College of Mechanical and Electrical Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China; 2. Inner Mongolia
Engineering Research Center of Intelligent equipment for the entire process of forage and feed production, Hohhot 010018, China)

Abstract: Buckwheat shucking has been one of the important technologies during processing. At the same time, a large number
of efforts have been focused mainly on the design of buckwheat shucking machines, in order to explore the best shucking
parameters. Among them, the upper and lower sand tray-type buckwheat sheller has been widely used in recent years, because
of the high processing efficiency and excellent sheller performance. The optimal sheller parameters have also been explored on
the upper and lower tray-type buckwheat sheller. However, it is unclear on the mechanism of the buckwheat rolling sheller. The
low accuracy of the sheller gap and the strong random posture of buckwheat sheller have led to the low efficiency of a single
sheller and the high rate of broken kernel after the sheller. This study aims to carry out the analysis and experimental
investigation of the buckwheat hulling mechanism. The 6QB-150 buckwheat sheller was taken as the research object. The
specific mechanism of the buckwheat hulling and mathematical modeling was proposed to determine the possible hulling
posture of buckwheat during hulling. The mathematical model was established to compare the husking mechanism of the
grinding and the end pressing and tearing. The grinding was suitable for the case, where the gap between the upper and lower
sand pans was slightly smaller than the equivalent particle size of the material; The end pressing, tearing, and rolling were
suitable for the case, where the gap between the upper and lower sand pans was slightly larger than the equivalent particle size
of the material and smaller than the length of the material. Engineering discrete element method (EDEM) software was used to
analyze the motion state of the buckwheat husking. After that, the husking unit was improved to explore the influence of
different texture structures on the husking. EDEM simulation analysis showed that the regular structure of surface texture was
added into the working interval of the upper sand plate under the same shucking gap condition. There was an increased friction
coefficient between the buckwheat shell and the upper sand plate. The movement speed of buckwheat was effectively regulated
in the process of shucking. The stability of buckwheat movement was improved for the high efficiency and quality of the
machine during shucking. The damage of buckwheat kernel was also reduced during shucking. Finally, the husking
performance test was carried out on the buckwheat with the equivalent particle size (similar to the width and height of
buckwheat) from 4.6 to 4.8 mm. The results showed that there were similar kernel breaking rates and significant differences in
the kernel whole rates, indicating that the texture structure had a great influence on the husking efficiency. The angle of the
shucking mechanism showed that the efficiency of the grinding and rolling was lower than that of end pressing and tearing.
Therefore, the appropriate shucking gap should be selected for the most buckwheat at the end pressing and rolling state in
actual production. When the shucking gap was greater than or equal to the equivalent diameter of buckwheat and less than the
length of buckwheat, the end pressing and tearing were the dominant mechanisms with the highest shucking efficiency. In
addition, the triangular texture was used to improve the surface texture in the working area of the upper sand pan, when the
rotating speed of the upper sand pan was 950 r/min and the shucking gap was 4.9 mm, the kernel integrity rate of a single
shucking was 44.03% and the kernel breaking rate was 5.59%. Compared with the unimproved shucking unit, the regular
structure of the triangular convex significantly reduced the randomness of the buckwheat shucking attitude. The single peeling
rate of the kernel also increased by about 7%.

Keywords: grain; agricultural machinery; texture; buckwheat; shelling mechanism; EDEM simulation
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