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Optimization Design and Experiment of Reciprocating Tea
Vibrating-sifting Machine
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Abstract: Tea is a kind of global beverage, the mechanized tea refining operation is an important part of
the entire tea mechanization process. Vibrating-sifting is an integral part of tea refining, which directly
affects the purity of tea. In view of the unclear mechanism of vibrating-sifting in the process of tea
vibrating-sifting, there are problems such as broken tea and hanging mesh, which affect the vibrating-
sifting efficiency. The motion law of tea on the screen bed was researched, the dynamic model of the
three-stage screening process of tea moving up and down along the screen bed was established, which was
thrown up from the screen surface and colliding after falling to the screen hole, combined the motion law
of tea on the screen bed, a simulation model of tea screen bed was established through EDEM, and the
speed and force of tea on the screen bed were analyzed. The best parameters were crank radius, rotating
speed of the crank and the inclined angle of the screen surface. Finally, through the orthogonal test of
three factors and three levels, the software Design-Expert was used to analyze and optimize the
experimental data and determine the optimal parameters. The significance order of each factor on the error
screening rate and productivity was obtained. The order of significance for the error-sifting rate was the
inclination angle of sifting bed, crank speed and crank radius, while the significant order of the
productivity was the inclination angle of sifting bed, crank speed and crank radius. When the crank
speed was 247.99 r/min, the inclination angle of the sieve bed was 2.60°, the crank radius was
23. 11 mm, the error screening rate and productivity were 5.3% and 440 kg/(m’-h), respectively,
compared with the optimization result, the error was within the allowable range. The research result had a
significant reference value for improving the screening efficiency of vibrating-shifting machine for tea.
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Fig. 1 Main structure of tea vibrating-sifting machine
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Fig.2 Force analysis diagrams of tea in sifting bed
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Fig.3 Analysis of movement of tea leaving sieve surface
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Fig.4  Collision analysis of tea particles in sieve hole
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Fig.9 Variation curves of average velocity, average normal force and average tangential force of tea under different crank radius
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Fig. 10 Variation curves of average velocity, average normal force and average tangential force of tea at different crank speeds
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force of tea under different inclination angles of sieve surface
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Tab.5 Test arrangements and results

N S 15 0 2 AR E/
75 a b c &,/ % (kg-m’z-h’])

1 -1 0 1 6.6 423

2 -1 0 -1 8.4 402

3 0 1 1 7.3 404

4 0 0 0 5.7 439

5 0 -1 1 5.9 436

6 1 0 -1 6.1 436

7 1 -1 0 7.2 409

8 0 0 0 5.6 435

9 1 0 1 8.7 398

10 0 -1 -1 7.9 426

11 0 0 0 5.7 445

12 0 0 0 5.2 442

13 -1 1 0 7.6 413

14 1 0 8.2 407

15 0 1 -1 6.8 411

16 0 0 5.3 445

17 -1 -1 0 6.4 429
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Tab.6 Variance analysis of the error-sifting rate

JrERW P HBRE ¥y F r
i 0.42 9 0. 047 8.87 0.0044"
a 2.82x107° 1 2.82x107%  0.54  0.4876
b 0. 020 1 0. 020 3.80  0.0922
¢ 2.51x10°? 1 2.51x107%  0.48 0.5117
ab 4.37x107* 1 4.37x10°* 0.083  0.7813
ac 0. 089 1 0. 089 16.94  0.004 5 **
be 0. 039 1 0. 039 7.53  0.0288"
a’ 0.13 1 0.13 25.34 0.0015*
b? 0. 050 1 0. 050 9.53  0.0176"
¢ 0. 056 1 0. 056 10.62  0.0139*
ES18 0. 029 3 9.77x107%  5.29  0.0707
aiiR2: 7.39x107° 4 1.85x10°°

Jo¥ll 0. 46 16

Hie v TR MR R P <0.01, = RR MW (0.01sP<
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Tab.7 Variance analysis of the productivity

FEKW  SFHAM HEmE BhE F P
(e 3849. 19 9 427. 69 7.86  0.0063
a 36. 12 1 36. 12 0.66  0.4421
b 528. 12 1 528. 12 9.70  0.0170*
¢ 24. 50 1 24. 50 0.45  0.5238
ab 49. 00 1 49. 00 0.90  0.3743
ac 870. 25 1 870.25  15.99 0.0052*
be 72.25 1 72.25 1.33  0.2871
a? 1024.67 1 1024.67 18.82 0.0034**
b* 518.78 1 518.78 9.53  0.0176"
¢ 495. 67 1 495. 67 9.11 0.0195*
e 4L 35 308. 25 3 102.75 5.65  0.0639
afi iR 2% 72.80 4 18.20
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