114

FOOD & MACHINERY

DOI:10.13652/j.spjx.1003.5788.2022.90100

H8HBEIM BE 24608 | 2022 F 4 A | RS

HENBEARTINAIZITSRAE

Design and test of combined rubber seed shelling machine
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Abstract: Objective: In view of the existing rubber seed shelling
machine, which have poor shelling and whole-kernel rate, is not
enough to meet the needs of rubber seed shelling under different
condition, a combined rubber seed shelling machine was designed.
Through the combination of cutting and shearing of rubber seeds
between the groove plate and the rotary blade, as well as extru-
sion and collision of the rotary blade roller, the shell is removed.
Methods: The discrete element software EDEM was used to es-
tablish the discrete element model of rubber seed and shelling
machine, and to simulate the separation process. Response
surface method (RSM) was used to analyze the influence of shear
blade roller speed and blade-roller

extrusion clearance,

installation phase on rubber seed shelling and whole-kernel rate.
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The best working parameters were optimized and verified by ex-
periment. Results: The designed combined rubber seed sheller can
achieve better shell kernel separation and obtain a higher kernel
rate. When the shear extrusion clearance was 12.6 mm, the
blade-roller speed was 300 r/min, and the blade-roller installation
phase was 40.5°, the shelling rate and whole-kernel rate of rubber
seed were 94.09% and 96.47%. According to the best parameter
combination, the shelling rate and whole-kernel rate of rubber
seed were 89.67 % and 91.33%. Conclusion: In the design process
of rubber seed shelling, the discrete element method can be effec-
tively used to analyze the influence of different structural parame-
ters on the performance indicators.
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Structure diagram of combined

shelling machine
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Figure 2 Pre-cracking and extrusion unit of the sheller
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Figure 3 Rubber seed
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Figure 4 Discrete element models of rubber seed
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Table 1 Material characteristic parameter
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WIS 0.3 10 550
A 0.3 79 000 7 800
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Table 2 Interaction properties
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BT — 0.3 0.4 0.01
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Figure 5 Simplified simulation model of

shelling machine
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Figure 6 Simulation of rubber seed hulling process
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Table 3 Decision of rubber seed damage
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Table 4 Coding of test factors
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Table 5 Experimental design and test results
s A B C  RUBFEZR/% R A%/ %

1 0 0 0 86.10 88.30
2 0 —1 —1 75.40 93.30
3 0 —1 1 90.20 97.70
4 0 0 0 91.00 87.80
5 1 0 1 64.30 98.40
6 0 1 1 82.50 87.80
7 0 0 0 87.30 91.90
8 0 1 —1 81.90 91.40
9 —1 0 1 84.00 88.20
10 —1 1 0 77.10 84.40
11 0 0 0 85.80 88.80
12 —1 —1 0 83.70 86.40
13 1 0 —1 66.10 100.00
14 0 0 0 89.80 90.20
15 1 —1 0 74.90 94.60
16 1 1 0 66.70 92.50
17 —1 0 —1 60.40 82.60
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Table 6 Variance analysis of shelling rate
FERBE CFHFM AEE ¥HHEM OFH P
FAY 1478.66 9 164.30  21.78  0.000 3
A 137.78 1 137.78  18.27  0.003 7
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wE 5280 7 7
AT 31.62 3 10.54 1.99  0.257 7
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Table 7 Variance analysis of whole-kernel rate
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