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Design and Experiment of Rotating Two Workstations Integrated
Effector for Famous Tea Picking and Collection
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Abstract; Aiming at the problems of complex structure, low efficiency of single workstation work, or
oxidation and redness of cut edges in the existing picking effector of famous tea, a simple structure, high
work efficiency, and good picking quality rotary two workstations effector for harvesting and collection was
designed. The two effectors of the soft picking fingers were in the picking and collecting station through a
forward and reverse cycle, achieving the picking and collecting functions. By analyzing and pre-testing
the effector harvesting action, the factors that affected the success rate of effector harvesting were obtained
as follows; servo arm angle, installation plate speed, and silicone thickness. Using Box — Behnken to
study the influence of various factors on the success rate of tea harvesting, a quadratic regression model
was established with the success rate as the response value. The main and secondary order of significance
was obtained as follows: installation plate speed, servo arm angle, and silicone thickness. Using Design-
Expert software, with the goal of harvesting success rate, various factors were optimized to obtain the best
parameters ; installation plate angular velocity w =265.329(°)/s, servo arm angle Af =40°, silicone
thickness d =4. 986 mm. The optimized parameters were rounded and experiments were conducted, with
a relative error of less than 5% between the experimental and predicted values. The integrated effector of
the rotary two workstations famous tea picking and collection system can achieve high-quality and efficient
picking and collection.

Key words: famous and premium tea; picking robot; effector; two workstations; rotating type

Wk H B . 2024 —02-26 & H . 2024 -03 - 18

E&TH: HK AR H (U23A20175 52305289 ) i 145 UM #1431 [ (202202052 ) F11 Ik il 46 1 4 b 22 Ao 3 - [ 2% LA R ol 7
W AR ZTH (CARS —19)

TR MRARE(1972—) , B, #4082, 114 S0, £ 2N FHMIR T K A 2% 45 B 58, E-mail ; jiannengchen@ zstu. edu. cn



%5 10 3

PREERE 45 BeHE U T 07 44 PR A8 RAW WS — MR S AT 8% Bt 5 il 48 137

0 3]

il

B 4 A R B R 2
KEFEHMARTEPIIE, Hh RS2 X R 4 B ™
HEEEOR 10 44 D0 2 X R R Y, — R SR Al
BB 2E IR AR . H A4 O
ZERAM AT T L R AR R Y
PESR T, 97 A AR BE T, R AR Ll TR B
BORBR M T 25 kPl i R R BRIR AL A
LA RO R SR 25 95 B0 1 AN A B TR, X 2 ol
JER A e

TEA L2 RE A SR A A S AT 25 BF 58 7 1l 8
SR B T 5 T SR 2 I B R i AR B R T
MRS F 23 2 T IR I 2 21 S I A . PR EE B
VeI o e 0T B OR s AT B DN, SR E T R
RABM G R YR I. MRS B T 5
CPRTFRT YR M7 AR A AR, 1 L L E AR AR
Sl 1K A 9 25437 B, o e T 1) AR T 25 I 8 E
FE BRI, AT AE BRI R K T R iR
TR S ARAT A5 M FH e R AL 1B THBILAL Je i 7 I
AT AR DA B SR A A S PAUF 7 48 24 Oy B — T
B TAR, LR RATDIAE , BCR AR A REAR R

TE A2 SRR WS Dy i, TR O 45 R T
CNHL-BR I R GE YR RE SR A DL BILAE R 37 25
R 8 o HUAHE 2l 20 A e O A T LA
R R WA G T AR o A OR 0l 82 S AL
AT 9 07 BCR B 53 A R AR A 2%
A EHE TR AR S BT 25 e A R A 9 34 i
TR, AW i = ms T 2 AR T R A i
(977 s SCRR [ 18 — 19 ] 48 a8 aof 1 s Wi 56 2% - 18y 7
A E R B A B, LR 5 7 2 B B B0
FEWCER AT I o X BE RIS HL AR IO 5 5 SR A 20
SLBEE BRI

AR SRR X 3 A G AR S AT 2 B T T AR ROR
IR R AR AR 20 ) Fhn 2 A 7 38 1 5 T 45 4 A2
2% A R AL, B — o A ] AR AR SR R A W T A
4 D2 SRATK A S AT 2t , 5 R A1l A0 e A e B A Oy —
VA, B0 37 45 ¥ S 2% 9 T R 208 B, O EL AL BRCES A% sl
S0 7 2l A e I 18] o [R) AE M) P 3 0 e A
O SRA T4 A7 T TR A B R 4 R 4 45 A 2k v
WA 25 FF I 25 7 BB 2 0 R 00 2 LA &K
R KA A4 R
1 e 7 £ 49 0 — R AT S

igit

a1 R T e 2 T LR A W — AR R

Ui AT i i HBL AT AR E R TR L
B AEHL FEVLE AL S e kT2 HRBIL I 5 A 38 4
P, ok H b b 8T A 2 R 5 B AT T AR R
0 5 — i L 5 22 A 14 7Y g T80 A O T 42 Y e
B O X AR 2 A SRAW T 5 EALIET 5 78 2 e i L
FCh i o 11 A MEDLE , RE LR A9 — o B 2 AR
Bl AT 52 A% 3 2 AT 1 55 — S 73 531 55 300 >R 47
ToE bR IRAR B o P AL o3 0 SR AR A A R
AL PP S A SR A T 416 38 i 1 SRR AR PR AR TR A
FIWC A T A

B 1 24 R A R i AT A B AR 254 R BB
Fig.1 Schematic of overall structure of picking

end of premium tea

Lbl 2. 8fF& 3. &M 4 RMTIR S5 L3R
6. EHLEF 7. ML 8. AR

A e A A AL 2 AR SO , 7 ) g 4
PUBRE 7% 5l , SR WO i it 2 % 3 22 B AR IR 9 07
REAL LA REPLRE 05 I BT 42 3h — 5 i BE I, R 7 19 A%
Sy M MEHLVE AR T 1, B8l T J7 9 R 45 T 45 1A
B JEHFAE H RO 5 BT, b5 (0 R T8 KO, B
e O AR SE B D s R A Sob SR T e .
HLAL S e 180°, 1T R4 T~ 48 % gl 2= N J7 #4778 ik
A R A, B SR A7l T8 SCER AL 3 3l 2 R4 T Az 5
T FAREE s 2= L7  WCEWI AR T B, BIERAH T
T8 RAW TALHe 3 U T, 45 TR IKTA R,
PEAT — U R A — Im WA o

2 REFHEEINAGIRIT

KA T 45 IS HLAL T2 2 b W S AT
LR, WA 2 s o Herp i sh LA i SR B i Bk
SE U B [ A8 T B SORBZ AL BEAT T11
TR AEE B B Eah o JRBCHLAS i e i 22 3 dle 5
TELFE I AT RERR AL . T AR, 2 SORBR ) |-
LB, AT A2 B T 69 1 R 2l [ 78 T 45 %A
R e M 2 2 A A A A, e SRR Y 1 B 2R AT
LM Bl e 1L U SRR, 5 L W F) RO 32 DA 5 Y
FERE A TR AR T o 24 7R 05 09 e JC 2 2 Al e e 38



138 &k L

L

2024 4

7@ W IE 177 I, SORBEZ B AT B AR 2
o T BRI 36 E L) L BBl i R R AR T ol i

B2 R TR IR AL
Fig.2 Picking finger drive mechanism
LR 2. 507Rk 3. PR 4. W\ SRR R
6. BEME 7. EBL 8. EAT

3 HEFERERZZAREIEIT

2023 4E 6 A 13 H et Ml AR b X AR 7l
el 14 255 - 592 6 i 3t BEATL AR L SO R — 2 W I 9 i -
) PR 2 0, Sl R S AT 2 B R AR A
S Iy B2 R RS SN 3 T . AR BRI
A Py BE S R R 1 TR o

K3 AR HoRE

Fig.3 Parameters of famous tea

®1 FHEBWHEWESHSIT
Statistics of physical parameters of

Tab. 1

tea tender tips

ZH BRME EB/ME CFHE bR
T K FEE D/mm 32,0 8.5 15.9 7.62
254 j/mm 2.1 1.1 1.7 0.33
#H K y/mm 14.7 7.5 10.6  2.28
K Y/mm 26.2 16.5 20.8 3.06
B EEZEFF K B L/mm 15.8 10. 2 11.6 1.1
2L WML E/MPa 3.2 1.9 2.6 0.5
HEEBRE p/ (kgom ) 813.0 785.3 805.0 11.6

AT BCE 4SO, BLIET PR L R 50 mm,

W 4 FE S s, T2V A8 A7 e 328 R I
BLIIE AR 1 A BRORS W 3 S B0 b i 2 T A
KVHER D ZFEK y iKY MBS ST O, %
LhR R, I EAFENE T HERK B A
150 mm, MRYGE A7 & D90 50 A RS Y % 22
KL, ENER b K 100 mm, &I H H 250 mm,

B4 B A

Fig.4 Schematic of temporary storage box structure

A-A
i B
: . X
~~2
%
5
= B
[0) ]
| ]
i <L>
<« A

IS i NS
Fig.5 Section view of temporary storage box
SRAW T AR IR RUSE B2 25 WO 9 B BEEEAT -
JEE , DAPR IR A i i 551X 3 o A 114 B Be S A . AR
PR EBEMKE L2 AR, )
IPEERE K 8 mm 58 8 mm | J5 B ik T HEAT A0 AL BT
A 5 A sl G B TR 458 0 B 5 B

14 RBHITERRBENS G

4.1 FHEEHNESHMAL

FEPLUEE % f A0 DesE 1 1 S HILAR T 5 7] — i %1
A IF GRS, R 1 PRAE T AL 0 R T A 75 2 47
TR S IR 25 FFAF R B AR AL i o

A A S SAAT A O B O BRI, H— i ) TR
RSP Qa6 B 7 o X Bk il D T R Sh BT AE
2o L 0 R R ME I 6 BT R 1Y LA AR AR R
AR OA (5% A0 DL y B o 38 46 01, AT 7 BT 7E LN
B 7 SRS L7 1 S ff B IETT 1) e AR
Bl A, RIAEDLE e f . THR KB ML I8 3h 2 2=
MEEAREIE 0A KIEZ | GEAT AB KJE [, B
HL 5 BCEE KD B Z A A EEES £ BP0 BEE A
D Z M L, GEF DE K [\ P8 LR A FE
BeRJE I TR LR EK BERJE [, JEHLE 04 5 y
W A0 TEFT AB 5 y WAy 0, GEFT DE 5 x Hil



510

PREERE 45 BeHE U T 07 44 PR A8 RAW WS — MR S AT 8% Bt 5 il 48 139

K6 Tk sh bl i
Fig.6 Schematic of finger drive mechanism
Je 0, T 45 20 EK B « Bk A 6, , R A T
fRIE W EK Bty x Bl M 0,0
MR A AT 19 S Praz s Jr ), o] LK 58 A B D
EF5 iAo B R R N

x, =0
{ (1)
¥y, =1,cosAf
x, =0
{ ’ (2)
¥y =¥4 +1,c080,
x, =1
{ D 4 ( 3 )
Yo =yt
{xE=xD+lsc.os(93 (4)
Ye =Yp +1ssind,
{xF=xE+lﬁc.0504 (5)
¥r =¥p +lssing,
AP £ L TASHLAS Y 29 51 7 B8 R
{(xE_xD)z"'(yE_yD)z:lz (6)
(xF_xE>2+(yE_yr)2=lz

B AEHLE 5% /1 A0 N 120°0F, T I AL AR T+ 9k
B, IRl i AL AR T 9 O A K R RS 5 AE ML e A
A6 2y 60°mF, | AL AR T 92 B, [A) i T 3 ) AL A T
TR KHE S . X T35 9K sh WL G R AT 25 4 1 Ak, 1R
X Z R TR 1= (1,0, 0,0, L) ik
HEr N R T4 9 B0, AT DE 5 F5
FE W& s fii e Ko YRS R : Oiz g B8 dhiE
DE 5 Wit FE 191% 8 /i /T 90° A /NF 60°, LI
WA Zh PERE . @i K 7E « il 1 1938 S (i B 7
3 ~30 mm LI, DLl 2 AEREIGE B R 3 mm B, I H
ST B R T AN . iz shid B b i K 7E y il
FRISEE AR 10 mm, DL SR 45 B 45 A
AR O T . @EEE A O JF (E D AlIEL

A e UL BOEE A O VBCEE AL F R S AT
DE KEEZ MR T2 T M FE KBS B R 08
Bl D W IR B Z ORI R AT R &M, OBHEN E
5y Wil EER /N TEEL F Y y #inE AR
B LA sk F T ah i 07 . © Sk TR i R A
Gity R Iy R REE N L L L L e
(0,60] mm;l, € [100,150] mm,

XTI 25 R 7 2 R D90° =6, - 6, =60°,
20.03 = x, - (I, + L) cosh, = 0.003,
@0.01 -(lg+ I,) (sing, - sing, ) = 0,

@ (o 5+l — 1) = (Lcos MG +1ycos6, +1)° -
1, =0, ®x, — (I, +1,c080,) =0, HErHEET Y
REMD, R R Al F48 9 B ot , AT DE 5 F-45 &3
B FE W) KAG ) :max (6, - 6,) .

R4 P Ak pR B DL B 29 3R 5% 4, ffi ] Matlab JE rf
() 18 A% B PR, 3 1V B2 PR P = max (6, - 6,) , i
TR A L . AW ST B K 7 o, LAk 46

m 2 fros.
100
o RS N
oot < AT
g; 80
=
.‘2‘
g T0F tety,,,
60+ ':‘Illnl!lIlIlOl‘tl.lll.Oll..ll
500 IIO i() 3I0 4‘0
AL

P 7 AR S A A S AR
Fig.7 Convergence process diagram of genetic
algorithm optimization
x2 HHKERUER
Tab.2 Results for member length optimization
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