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Design of variable-spacing fresh wolfberry
grading machine based on EDEM

YU Yang', REN Simin', WEI Yaxin', WEI Mengdi', HU Dingxian', CHEN Tingmin®
(1.College of Mechanical Engineering ,Xi’ an University of Science and Technology ,Xi’ an ,Shaanxi 710054, China;
2. Ningxia LianqiZhihui Technology Limited Company, Shizuishan, Ningxia 753400, China)

Abstract; Mature fresh wolfberries are characterized by thin skin and tender flesh, short storage time, and
susceptibility to damage,so it is difficult to grade fresh wolfberry. To solve this problem,a variable-spacing type fresh
wolfberry grading machine was designed according to the horizontal diameter size of fresh wolfberry. A structure from
motion coupled with clustering views for multi-view stereo technology was used to obtain a model of the fresh wolfber-
ry, and a model of the wolfberry with a high degree of physical similarity was established. EDEM software was used to
simulate and analyze different feeding volumes, grading belt diameters, running speeds, and screen lengths, and
clarify the influence of each parameter on the classification effect. The results of the simulation tests, designed by the

Design-Expert 10.0.1 software and subjected to ANOVA and parameter optimization, showed that the grading accuracy

1

, a belt diameter

was 96.82% and the fruit injury rate was 2.09% for a fresh wolfberry feeding volume of 0.15 kg - s~
of 21 mm and a running speed of 0.22 m - s™'. Five sets of repeated classification tests were performed on the machine,
the average grading accuracy and damage rate of fresh wolfberry were 96.37% and 2.23%. The simulation results fitted
well with the field experiments and met the operational requirements for grading fresh wolfberry. This study provides
references for the design and optimization of grading machines for other long-oval fruits and vegetables.

Keywords : fresh wolfberry ; grading machine ;variable-spacing type ; parameter optimization; EDEM
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1. Directional brush;2. Drive device for directional unit;3. Grading belt;4. Frame;5. Belt conveyor for large fruits discharge;

6. Belt conveyor for small fruits discharge; 7. Drive shaft;8. Belt pulley;9. Drive motor for discharge unit;10. Drive motor for screening unit
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Fig.1  Structure of variable-spacing type fresh wolfberry grading machine
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Table 1 ~ Simulation parameters
e ke RERACH Bhil(PA6)
Materials Wolfberry Silicone belt Brush (PA6)
TAFALL Poisson’ s ratio 02 0.48 034
By Shear modulus/MPa 190 1200 977
L Density/ (kg + m™) 689 1230 1120
PR R EL (SHIR)
Collision recovery factor 0.2 0.4 03

(with wolfberry)
PR (SHAL)

Static friction coefficient 0.3 0.5 04
(with wolfberry)
BIEEERL (SHIAD)
Dynamic friction coefficient 0.04 0.05 0.07

(with wolfberry)
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Table 2 Coding of test factors
# Factor

Fl HAR/mm B T/ (m - s7!)
Belt diameter Running speed

i
Code PR/ ( kg - 57! )
Feeding volume

-1 0.15 15 0.2
0 0.2 20 0.25
1 0.25 25 0.3

x3 RBEAREER

Table 3 Test design and results

iR 5 FE 5 Test No. A B c y1/ % ¥/ %
1 -1 1 0 93.25 1.91
2 0 -1 -1 90.96 2.35
3 -1 -1 0 92.81 2.39
4 0 1 1 93.06 2.52
5 0 0 0 96.64 2.43
6 1 1 0 92.52 2.08
7 0 1 -1 92.88 1.83
8 0 0 0 95.73 2.24
9 0 0 0 96.42 2.46
10 1 0 -1 94.28 2.78
11 -1 0 -1 96.82 2.25
12 0 -1 1 91.49 3.12
13 1 0 1 96.71 3.16
14 0 0 0 96.68 2.37
15 0 0 0 96.72 2.41
16 1 -1 0 90.63 2.44
17 -1 0 1 97.17 2.87
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AR AR BB 25K B B AR SR B 73 A 45
R RPEAAL L R AR
max v,(4,B,C)
miny, (4,B,C)

0.15kg-s' <A<025kg-s"' (5)
s.t.315 mm < B < 25 mm
02m-s'<C<03m-s"’
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Table 4  Analysis of variance in regression

model of grading accuracy

S8 il 4 ¥175
Source Sum of Freedom Mean F P
squares square
17 Model 84.95 9 9.44 47.69 <0.0001 "~
A 4.37 1 4.37 22.06 0.0022"
B 4.23 1 4.23 21.39  0.0024 " *
C 1.52 1 1.52 7.69 0.0275*
AB 0.53 1 0.53 2.66 0.1472
AC 1.08 1 1.08 5.47 0.0520
BC 0.031 1 0.031 0.15 0.7057
A? 0.0002 1 0.0002 0.0008 0.9787
B? 72.22 1 72.22 364.93 <0.0001 * *
(% 0.17 1 0.17 0.84 0.3892
375 Residual  1.39 7 0.20
AU
Lack of fit 0.7 3 0.23 1.38 0.3697
-
AR E 0.68 4 0.17
Pure error

TE: o« FURPMIN B (P<0.01) , * R R (0.01<P<
0.05),

Note: * * indicates a highly significant effect (P<0.01), * indi-
cates a significant effect (0.01<P<0.05).
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Fig.2  Fresh wolfberry simulation particle establishment process
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Fig.3 Geometric model of the grading machine
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Fig.6 A variable-spacing type fresh wolfberry
grading machine prototype
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