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Optimization Design and Experiment of Continuous Compound
Tea Leaf Barber
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Abstract: In response to the problem of unsatisfactory strip formation due to the unknown mechanism of
tea strip kinetics in the green tea processing and strip-forming compound process, the continuous collision
law between tea leaves and pot trough in the pot trough of continuous compound barber was studied, the
kinetic model of rolling, throwing and collision of tea leaves in the pot trough in three stages was
established, and the barring mechanism of continuous compound tea barber was determined. According to
the law of forming the movement of tea leaves in the pot trough, the inclined U-shaped pot trough was
optimized, and the simulation model of tea-leaf-pot trough interaction under thermosolid coupling was
established by Rocky Dem, by analyzing the average velocity and force of tea leaves, the optimal working
parameters of pot trough reciprocating motion velocity, angle of pot trough baffle and angle between pot
trough and horizontal surface were determined. On the basis of the optimal parameters, a three-factor,
three-level orthogonal test was conducted to determine the optimal combination of parameters under actual
working conditions. The test results showed that when the angle of the pot baffle was 114.1°, the
reciprocating motion velocity of the pot was 190.9 r/min, and the angle between the pot and the
horizontal surface was 3.2°, the strip formation rate was 85.89% and the broken tea rate was 1. 70% ,
which satisfied the agronomic requirements of strip management. The validation tests showed that with

this optimal combination of structure and operating parameters, the rate of forming and breaking tea was
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84.26% and 1.79% , respectively, with the relative error within 5% from the optimized results,

indicating the reliability and accuracy of the optimized results. The research result can provide a

reference for the optimization of the key parameters of tea barring and forming mechanism and barring

machine.

Key words: tea leaf barber; dynamical model; forming mechanism; Rocky Dem; thermosolid coupling

simulation ; orthogonal test
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Fig.1 Main structure diagram of continuous

compound tea leaf barber
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Tab.1 Main technical parameters
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Fig.2 Diagram of movement of tea leaves in pot trough
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Fig.3 Movement analysis of tea along inner wall of

pot groove

A f— B L2 53, 1/ min
R AR A, (°)
2 It 10T 5 B A D BE T Bl I AR X 3R 7 A i R
IR F e Rz gl B 7 A R R T3 o F,, 5 1l
A5 FC I B T 1) AR S, TR Bl

F,=2mv, 0 (3)
F, =2mvw (4)
K o—FKMAHEE  rad/s
m— 2K M-, g
00 RE DN BE X 2% I Y S T
F.=F +ma - (F, +G)cosp (5)
b F Bl P BER 2 B3 ) SR LN
C—R M2 ) N
a, 24 P 246 o8 3 R A g A A BE | 495 )
Iy H,m/s’
B—RH I E ) G H5ikm i n Z A%k
f,(°)
i R DA BE X 25 I B BE 4 ) R
f=(F, +G)cosy —mal, =uF, (6)

A R Al N BED) [ BE 45 7 N
2% I X T 32 A o M R RE ) D) 1)

ik, m/s’
y— ARMITZE S ¢ Y i ¢ Z [k
i, (%)

7K 5 i M P B 4 B 4% DR AR
2 I R A R DY BE A2 Bl DU A P B Y
R TR n U2 0 R P BE B D) e R R L BT
LAA
v, +v,n =0 (7)
Horp (v, |

Ulw
4
x

n,= - . (Ul,\¢0)
NCE (8)

v, |
n, = : (v, #0)

Y 2 2
vy, T,




%3 1 ZE e S A AU LT 5 15 385

A o, o, —— MBS AXT B o, 7F x .y B L
M) 3 e, m/ s
Bl i e e oy Bl Y S

R A 1] 110 00 B 2T A5 AR 4B P A 1] 2 2
I 1) e £, A ok

n,.n,

-a( -n,) +0n, an

cosa = — = : (9)
lal n%+n: lal nf+n%
0( -n,) -6Gn, -Gn,
cosf3 = = (10)
G nf+nf |G| nf+n:
0v,, - Gy, -G,
cosy = = (11)
G /vy, +v;, 1GI /vy, +07,
—an,, +0111‘ —av,,
cosp = = (12)
lal /vy, +v)  lal /v, +v]
Kf a—— WM ME B o 500 & n Z
He i, (°)
a SAZ B e B, m//s

R 5T 5 B SR A 2 KB 3 AR LA S &, ]
19205 I 4 0 T i 36 7 i M P BE B PR 1) it e

a' =a" +a} =acosa s (13)

b o —— BRI Bl I A 0 T e A P BE B
W m/s

ay 23 PR RS 3 T2 7 i A PN BE b ) 3% 1)

S m/s
p—HRIE I AR m
4i53(8).(9) . (13) a %

Iallv,ilv,). y 3 5
) T+111«/1)1x+1}1)
a, = (14)
p Vi, +1;f}.
() . (6) B AT 15
(F,+G)cosy +ul (F, + G)cosB —ma. - F,]

t
a(l

m
(15)
MG 3 5C & nl i
a, =a' +a, =acosp +a, (16)
X q 235 R X 3 T S R PN BE Y D1 )

S, m/s”
9 4 3z 3l IR A o e R A M PN RE L
DI 4y, m/s®

e (8) . (10) ~ (12) . (14) ((15) LA (16)
Hh R P A

t
a

t

a, =
- (F,+6G)G(v,, +plv, ) -mlIGllaly, —uF, 1 :
] —TMa,

1G1 /v;, +v;, m
(17)

2% It 1 25 0 Rl DN BE R XF S B AE woy ARAR R

1) 43 5t H
t yh
a,=a, ———— (18)
NCHEE
t 1}]»
a,, =a : (19)

NCTRT
25 IV 5 1 47 1) A T B BE AR
y il Ao my/s’

kbR A BT R 2 VR R A N B VR Bl AR
SRMAEE o A ETZE T 6 ARG N
FEAE ) [T B Zh R f, AR A o A
Ko MRS iz ) 5 R P AR AR R R e
5 22 SR ) 255 P T R PR B ) R T TR R % I ek
JEAL IS K, T B AR AR N A2 D0 3G K, 5 el I By B
Mz RS LT il A B s sl R
R Al AR BE Ry S T 2 I R N UR B i R
K=,
2.2 FEMBEFRENEERMBEI 0

20 W% 5 i 2 [R) Al M s AR T B S A S
TF 50 R N BE JE 1T Pl HCE B it AR b i P £ s
BT SRR P R R A R RN T, B A 2%
3z Bl B A 1A o R, T LA A% i T B A Y
BEAEILHGZ BT, A% Bk 4l s 04 0 45 BE R v, , A%
S T S R N BE J5 2 ) 41 B RN Iz 3l Bk an B 4
Jii s o

K Ay, Ay,

4 2 T A PO 0 G 3 10 2 2 b

Fig.4 Kinetic analysis of tea leaves leaving inner

wall of pot and groove
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tea leaves and inner wall of pot and groove
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Fig. 10 Curves of average velocity, average normal force and average tangential force of tea

particles at different pot and groove baffle angles
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Curves of average velocity, average normal force and average tangential force of tea particles

at different angles between pot and horizontal plane
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Tab.3 Experimental factors codes

Giiy WML R A A KT S A
./ (eomin~") ¢/ () a3/ (%)
-1 180 90 2
0 190 110 3
1 200 130 4
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Tab.4 Orthogonal test scheme and test results

I 24 v/ Y, /% Y,/ %
(remin~") () ()
1 180 90 3 76. 41 2. 40
2 200 90 3 79.23 2.38
3 190 110 3 85. 32 1.69
4 190 90 4 76. 20 2.39
5 200 130 3 78. 83 2.29
6 180 110 4 77. 84 2.35
7 180 110 2 81.55 1.75
8 200 110 4 82.73 1.99
9 190 110 3 87.52 1.61
10 190 110 3 84.91 1.78
11 190 130 2 79. 41 2.30
12 190 90 2 78.32 2.19
13 180 130 3 80. 24 1.93
14 190 130 4 83. 55 1.82
15 200 110 2 79.12 2.33
16 190 110 3 86. 10 1.58
17 190 110 3 84. 66 1.89
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Tab.5 Variance analysis of quadratic model of stripe forming rate Y, and broken tea rate Y,

WAH Y, B Y,

BT . N N -
-5 A B ¥ 77 %0 F P 5 A A Y77 #0 F p

FELAY 190. 83 9 21.20 16. 20 0.000 7 ** 1.35 9 0.1503 10. 11 0.003 0"
X, 1.87 1 1.87 1.43 0.270 6 0.039 2 1 0.0392 2. 64 0.148 5
X, 17. 61 1 17. 61 13. 46 0.0080 ™ 0.1300 1 0.1300 8.74 0.0212"
X 0.460 8 1 0.460 8 0.3522 0.5716 0.000 1 1 0.000 1 0.0034 0.9554
X, X, 4.47 1 4. 47 3.42 0.1069 0.036 1 1 0.0361 2.43 0.1632
X, X5 13. 40 1 13. 40 10. 24 0.0151" 0.2209 1 0.2209 14.85 0.006 3 "
X, X, 9.80 1 9. 80 7.49 0.029 1" 0.1156 1 0.1156 7.77 0.0270"
X% 38.97 1 38.97 29.78 0.0009 ™ 0.2325 1 0.2325 15. 64 0.005 5"
X% 66. 77 1 66. 77 51.03 0.0002 ™ 0.3917 1 0.3917 26. 34 0.001 4 ™
X% 23.25 1 23.25 17.77 0.004 0™ 0.107 8 1 0.107 8 7.25 0.0310"
52 9.16 7 1.31 0.104 1 7 0.0149
AU 3.84 3 1.28 0.9612 0.4925 0.0395 3 0.0132 0.8153 0.5487
iR % 5.32 4 1.33 0.064 6 4 0.0161
sl 199. 99 16 1.46 16
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Fig. 14 Response surfaces of broken tea rate index
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Tab.6 Experimental results of verification %

1 84.32 1.79
2 85.61 1.70
3 82.85 1.89
i E 84.26 1.79
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