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Kinematic Characteristic Analysis and Test of Tea in Tea
Vibrating-sifting Machine Based on DEM

WANG Xiaoyong'®>  ZHU Junyu'? ZHANG De'* YU Zhi'? NI Dejiang'*
(1. College of Horticulture and Forestry Sciences, Huazhong Agricultural University, Wuhan 430070, China
2. National Key Laboratory for Germplasm Innovation and Utilization of Horticultural Crops, Wuhan 430070, China)

Abstract: In order to reduce the error-sifting rate of the tea vibrating-sifting machine, the effects of
inclination angle, vibration amplitude, and vibration frequency on the motion characteristics of tea
particles on the sieve were studied from the perspective of particle dynamics. By combining the discrete
element method to numerically simulate the movement of tea particles on the sieve surface, and analyzing
the vibrating-sifting process of tea particles, the transport mechanism of tea particles on the sieve during
the vibrating-sifting process was clarified. The results showed that tea particles were mainly concentrated
in the middle of the sieve, and too high or too low frequency could cause horizontal segregation of tea
particles on the sieve. The average velocity and rotational kinetic energy of tea particles on the sieve were
gradually increased with the increase of amplitude and frequency. The inclination angle had little effect
on the average velocity and rotational kinetic energy of tea particles on the sieve. The velocity of tea
particles along the X-axis and Z-axis contributes the most to the average velocity of tea particles on the
sieve. The variation amplitude of the migration coefficient was gradually increased with the increase of
inclination angle, vibration amplitude, and vibration frequency. The order of influence of different
parameters on the particle migration ability of tea vibrating-sifting process was as follows: amplitude,
frequency, and inclination angle. When the vibration amplitude was 22.5 mm, the inclination angle was
3 °, and the vibration frequency was 4. 166 Hz, the error-sifting rate of the tea vibrating-sifting test was
the smallest. The error between error-sifting rate results of the tea vibrating-sifting test and the simulation
test results was within 5 percentages, indicating that the DEM simulation had high accuracy. The
research result had important reference value for reducing the error-sifting rate of the tea vibrating-sifting
machine.
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Fig. 1 Diagram of collision between tea and screen

e NS E o, 5 S 5E 3 v, 73 B 0T « iy Bl

7 1) 43 figé, ) ] R

) 2Amf,sin(2mf, 1)
v, =v,sinf, = p—— (1)
2Amf, sin(2mf,t)
v, =v,cosf, = ina (2)
v, =v,sinf, (3)
v,, =,c080, (4)

A A——ZS BRI AL I 9% 2 0 B, m
o— i A, (°)
S~V T 4f S 4%, Ha
t——ii 4B ], s

vy, A AT o W x Bl Ly Bl 1)
B 8 A i, m/ s
Vo ARG 0, W x Bl Ly Bl 1)

1 2 7 B, m/s

WL T FTR 28 fE R Rl 4 7 v JBE 48 ) 32 AR
JH I D80 /N 235 W 0 7 10 5 1) 0% SR, 4 SR 2% e 9 U A
B D7 1) I e | BE 45 0 T AR An 25 o R 5 A SR s
T 308 I 5 1) T DU JBE 4% T U/ NS A R

R A8 24 i 55 — 5 TR, % i RURL 7E 5
e 3 1 0 T 7 16 A0 Y A5 06 T 7 8 B & Rl DL R
i\‘quﬂ



1 T/NE S HF BT A BE AL S SRR i 5 111
£ Goine—m 322 (5 "PBURLAERRE R 9150 ST R0

d S5 075 T A 3 8 0 S ) 44 28 I SR 5 7 90 7 7L 3

N~ Coose = m 30 (o) WSRO BN 6 - — 3 0 B L3 1 S A

de B, 5 R 0 R AL R AR R A 26

(f- Gsma)r_l(il—w (7) RO RLE AR KA I R 4 L T R A

A G——RMPikiE 77, N
2R M UKL JHE | rad /s
I—— 2 UKL o FET O i kg e m®
R i 245 It AURE DRy 14 2] B A )
2

Iz?mr2 (8)
S r= 2 (9)
TI'
it':,j /ﬁuﬂl_y}i_‘ﬁl‘*/\,mm

XTJC(S) ~ (7)AEmS 18] ¢ N AT RR0) 15 5
f(f—Gsina)dL:m(vxz—vxl) (10)

f(N—Gcosa)dtzm(vﬂ—11},1) (11)

rf<f-csina>dt=1(wz-wl) (12)

A5 EORLAE KR JE T Sl W EE g f R LA
Fm N
f=uN (13)
A w25 55 0 T Y T 3 AR 4 Y AL
W] DAAS B A% i S50 R SR v, RS IS A%
I J0RE 1 R @, K

[l
v, = I:l _M:|”1 (14)

5,u,(1 +UL2)1)'tl
v,
oV o)

2rw, tanf,

MG R YR AT R H e A2 S (14) ((15) AT
U

B _[.L(1+€) ;
V2 = [ tan@, : (16)

w0 = [1+ (17)

A (1) (2) L (16) L (17) A %0 5z 58 ) ¢ it
UKL T E v, AR BE o, #8550 D0 AR o L O 16 A 20 4
B, IR E A A

AENF Y& 5 U R AR S T DA S R s ik A
L, At AT D aok lf 4 S e e itE A AL o i AR
b AR e IO AL B SE A e I AE IS S {0 AL Y
W TN B NI N A% A BT 0 A TR A
T A5 O TR 4% O 30 T R, R 0 SRR G O, TR F 5 %

5,u,(1 te)v, ]
2rw tand, @

Ze 55 A O PR 5 B0 o H0 I 4R S 2% e O i e 7
i) AN [5) H 25% JURE J2 5% T77 160 2 S T i e 5 30 g
BERERE PR TG O o AR 1 3R 73S 19 B0 AT 1, 2% i A
FL b v A E 2 HE B 4 FRoRE A0, A A 2 B R, Lo
P 2a S 28 T O T il 488 5 2 D00, il 48 I £ T
i s 18 2b Sy 2% W S 57 il A 2 DN A 4R 0 e
Jig % 5 1 2 hg 2 Ik Jot O o il 48 e A D0, A 45 5 I
BHERE 5 181 2d S 258 o O 37l 488 53 A DU, R £ i 38
HEFIE RS o AW 7E 07 FL 3T g A A ) R 25 s B0 4 Fh
THOL, IR 3 iz o P 3a D 2% I B0 00 T RIE 43 5 72
N0, 458 )5 308 T B A 5 11 3b S 258 T 57 Tl 88 A5
ZEAN , B A ) AR 1 B 2 5 Pl 3 DAy 24 i 37 T Al 4
SO R $R8 I 0 T TR 5 18 3 D s i B Tl
RSO O 988 RS T

© @
B2 e fL ik b AR A A2 0 4

Fig.2 Force analysis of tea collide at top of sieve
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Fig.5 Tea vibrating-sifting and tea discrete element model
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Fig.8 Tea vibrating-sifting simulation of tea group movement screenshot
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Fig. 12 Tea velocity along screen surface with time
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Fig. 13 Velocity of tea along Y-axis of screen surface
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Fig. 17 Translation kinetic energy and rotational energy of tea
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Tab.3 Comparison of error-sifting rate simulation

test results with actual test results
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