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Abstract.

Tea is an important cash crop in China. The contribution rate of high-quality
tea is nearly 70% in tea production. The high-quality tea is harvested by
hand plucking, which is inefficient and labor intensive and leads to higher
costs. According to the characteristics of the tea garden and the standard of
high-quality tea shoots, a tea plucking servomechanism was designed in this
study. The mechanism has three degrees of freedom and can move along the
direction of the X, Y, and Z axis to localize the plucking points. The
components of servomechanism mainly include a frame, a three-axis truss
structure, and an end effector. The virtual prototype of the three-axis truss
mechanism is established through ADAMS, and the kinematics simulation is
analyzed to meet the feasibility of this mechanism. It presents that there is no
interference and collision between components under working conditions.
The material stress analysis is applied through the ANSYS workbench. It
presents the plucking process and the stress on the tea stem. These results
shorten the development time and provide the theoretical basis for
manufacturing the tea-picking mechanism.

For citation: Yan Yan, Chicherin [.V., Lijun Zhao, Chanjuan Long. Design and research on servomechanism of
tea plucking. Vestnik Kuzbasskogo gosudarstvennogo tekhnicheskogo universiteta=Bulletin of the Kuzbass State
Technical University. 2024; 1(161):14-22. (In Russ., abstract in Eng.). DOI: 10.26730/1999-4125-2024-1-14-22,

EDN: NJCFPQ

1 Introduction

In mechanical operation, tea is harvested by

Tea is the final product of tender tea shoots and
has become the most popular healthy beverage
world[1, 2]. In China, the total area of the tea garden
is about 2.768 million hectares, and tea production is
up to 2.93 million tons. The total sales reach 300
billion yuan at home and abroad per year, and the
contribution rate of high-quality tea is nearly 70%.
The specified morphology of high-quality tea leaves
is one bud with one or two leaves(Fig.1)[3].
Additionally, the more tender the leaves are, the
higher the quality and the price[4]. Besides, the
plucking period is rather short, no more than one
week.
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cutting the upper of the canopy with blades, which
causes broken leaves and mixing the new and old
leaves[5, 6]; furthermore, it may damage the stems
and affect the germination of new shoots[7]. The
mechanical harvester cannot meet the requirement of
high-quality tea. Conventionally, high-quality tea is
harvested by hand plucking, which is inefficient and
labor-intensive and leads to higher costs[8].
Therefore, there is a growing need to design an
automatic high-quality tea-plucking machine, similar
to hand plucking[9]. The automation machine
includes three component parts that are machine
vision, servomechanism, and chassis[10, 11]. This
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Second leaf

Fig. 1. Standard of high-quality tea
Puc. 1. Ilobee 0ns 8b1COKOKAUECMBEHHO20 YA

v
]

Fig. 2. Tea garden
Puc. 2. Yatinas niaumayus

study mainly considers the design and research of
the plucking servomechanism.

2 Design

2.1 General description

As shown in Fig.2, in a tea garden environment,
the tea trees are planted in rows on the ground.Fig.3
presents the plucking posture[12]. In order to
achieve the tea plucking servomechanism, the
following specifications should be considered.
Firstly, The mechanism has three degrees of
freedom and can move along the direction of the X,

. Y, and Z axis, to localize the plucking points.
i Secondly, the mechanical structure should be
i cost-efficient and easy to maintain. Furthermore,
' the process of plucking should imitate the
! human hand plucking, which has the capability
i of plucking tea shoots one by one[13].

| 2.2 Design of main components

i (1)Body frame

! The breadth of the tea crown is less than or
' equal to 1000mm. The height of tea trees is less
, than or equal to 900mm. The distance between
i adjacent rows is about 300mm. Based on the
i situation of tea gardens, the installation
' dimensions (lengthxwidthxheight) of the body
, frame are (1000x1100%1500)mm. The frame is
i made of an aluminum profile, which is easy to
' dismount.

! (2) Triaxial truss structure

' As shown in Fig. 4, the three-axis truss
i mechanism comprises four precision linear
i stages, which can realize the movement in the
' X, Y, and Z directions. The linear stage includes
! a stepping motor, nut, coupling, bearing seat,
i Dball screw, linear guide rail, sliding block, and
i bedplate (Fig. 5). The ball screw is assembled
i with the stepping motor through the elastic
1 coupling to convert rotational motion into linear
' motion of the sliding block.

' (3) End effector

| The experimenter took 45 samples of tender
i shoots, measured the different sizes of one bud
i with one or two leaves, and recorded the average
' value, as shown in Table 1. The schematic
i diagram of the tea sample size is shown in Fig.
. 6.

i According to the statistics of length and
! width for tender shoots in Table 2.1, the
' working stroke of the end effector can be
I ascertained. In order to avoid collisions between
i the end effector and the tea, the wvertical
i movement path of the end effector should be
i higher than 50mm, and the distance between the
' master arm and slave arm must be greater than
! 53mm when the end effector is in the open state.
i The end effector consists of a storage box, a
| stepping motor, a driving arm, and a driven arm.
i The top and bottom of the storage box are
1 provided with openings (Fig. 7).

! As shown in Fig. 8, The master arm and
slave arm are respectively located on both sides
of the tea stem. The motor drives the master arm to
rotate clockwise through the gear mechanism, and
the tea stem is squeezed and bent into the groove of
the slave arm. The tea is broken at the clamping
point. The master arm and the slave arm continue to
rotate clockwise to reach the storage box and bring
the tea into the storage box. The motor rotates
counterclockwise, the master arm separates from the
slave arm, and the tender shoots fall into the storage
box to complete the tea picking action. The master
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arm returns to the initial position by motor and the
driven arm by gravity.

2.3 General structure and working principle

Fig. 9 presents components of the general
structure, which mainly consist of the end-effector,
triaxial truss structure, and body frame. A triaxial
truss structure is installed on the body frame, which
is available to implement the point to the point of
trajectory tracking. In X, y, and z coordinates, the
end-effector is installed at the end of the Z axis. In
the three-axis linkage movement, the end-effector
can move along the X, Y, and Z axes to localize the
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Fig. 4. Triaxial truss structure
Puc. 4. Tpexochwiil hepmermblll MEXAHUIM

Fig. 5. Linear stage
1 — stepping motor, 2 — nut,3 — slide block,4 — linear guide rail, 5 — ball screw, 6 — bearing seat,7 — bedplate,
8 — bearing seat 9 — coupling

Puc. 5. Jluneiinwiii mexanusm
1 — waeoswiii 0gueamens, 2 — eaiika, 3 — 610K CKOIbIICEHUS, 4 — MUHEUHAs HANPABGIAIOWAs, 5 — WAPUKOGLLLL
8UHM, 6 — NOCAOOUHOE MeCTO NOOWUNHUKA, 7 — ONOPHAs nauma, 8 — nocadouroe mecmo noowunuuxa, 9 —
coeQuHumenvbHas Mypma

picking point and pluck the tender shoots like human
fingers.

3. Kinematics simulation of triaxial truss
mechanism

In order to analyze the working room, the three-
dimensional  triaxial truss structure = model
established in UG is converted into Para solid(*.x_t)
format and then imported into ADAMS, a virtual
prototype simulation environment [14, 15]. First,
setting the simulation environment, including unit,
gravity, coordinate system and material properties,
and so on[16]. Then, connectors of the virtual
prototype, including the fixed pair, rotating pair,
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Table 1. The size of tender shoots
Tabmuma 1. Pasmep MonoapIx moderos

Morphology Height(c)(AVG/MAX) Width(b)(AVG/MAX) Unit

one bud with one leaf (d;) 27/41 32/40 mm

one bud with two leaves (d,) 46/50 48/53 mm
b

(&)
¥
Fig. 6. Tender shoot
Puc. 6. Monoooii nobez
Storage box Gear mechanism Motor

Master arm

Fig. 7. The structure of the end effector
Puc. 7. Konempykyus pabouezo opeana

Fig. 8. Picking appearance
Puc. 8. Ilpoyecc omwunwvisanus yatinoeo nobeza
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_______________________________________________________________________________________

e
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Fig. 9. The main components of the general structure
1 — end-effector, 2 — tea, 3 — triaxial truss structure, 4 — body frame
Puc. 9. Ocnogrvle komnonenmor obweil cmpykmypul
1 — pabouuii opean 2 — yail, 3 — mpexocHbwlil hepmenHblli MexaHusm, 4 — KapKac 0CHOBAHUs

Fig. 10. Kinematics simulation
Puc. 10. Kunemamuuecrkoe mooenrupoganue

X-axis:STEP( time , 0,0 , 2, 350 )+STEP( time ,

spiral pair, and moving pair. Finally, the rotational 2,0,6,-900 )+STEP(time, 6,0,8,550)

joint motions are added to the virtual prototype. The Y-axis:STEP( time , 0,0, 2, 900 )+STEP( time ,
actuator of the virtual prototype is a step function. 2,0,6,-1400 )+STEP( time, 6,0, 8,500)

As shown in Fig. 9, the specified functions of the Z-axis:STEP( time , 0,0 , 2, -250 )+STEP( time
coordinate system are listed as flows: ,0,0,2,750 )+STEP( time, 6,0, 8 ,-500)
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structure is analyzed to examine whether the
working room fulfills the design requirements. The
z-axis end trajectory is the three sides of the red
triangle. It can be seen that there is no interference
and collision between Z-axis and other components
under working conditions.

4. Finite element analysis of tea steam based
on ANSYS

The extrusion experiment of the tea stem starts
with the master arm touching the stem and ends after
the stem is broken off. In the extrusion process, the
stem shows many physical characteristics, such as
stress, strain, extrusion resistance, and extrusion
power consumption. The damage to the stem will
increase with force enhancement until it is broken.
That is, the whole extrusion process is completed.
Thus, The model characteristics of the tea team meet
the following requirements:

(1) The tea stem is a homogeneous material;

(2) The interaction force between multiple stems
is not considered, and only a single stem is modeled;

(3) The irregular shape of the tea stem is
simplified into a cone;

(4) Length of the tea stem is set at 100 mm, the
extrusion position is set at the center of the stem,
and the diameter of this position is set to 2.5 mm.

In order to analyze the extrusion of the tea stem,
firstly, the three-dimensional tea steam, the master
arm, and slave arm are established in UG, converted
into para solid (*¥. X t) format, and then imported
into the workbench simulation platform of ANSYS

(Fig. 1) . Secondly, the material parameters of the
tea stem, the master and slave arm are selected,
including density, elastic modulus, Poisson's ratio,
shear modulus. Thirdly, the solid models of the tea
stem, the master arm, and the slave arm have
meshed. Constraints are added to the tea stem, the
master arm, and the slave arm. Fig. 12 presents the
plucking process. Fig. 13 presents the stress on the
tea stem.

5. Conclusion and future work

According to the characteristics of the tea
garden and the standard of high-quality tea shoots, a
tea plucking servomechanism was designed in this
study. The components of servomechanism mainly
include a frame, a three-axis truss structure, and an
end effector. The virtual prototype of the three-axis
truss mechanism is established through ADAMS,
and the kinematics simulation is analyzed to meet
the feasibility of this mechanism. The material stress
analysis is applied through ANSYS workbench.
These results shorten the development time and
provide the theoretical basis for manufacturing for
tea picking mechanism. Based on prior experiences,
further research can be summarized as follow:

(1) When encountering steep or uneven terrain,
the three-axis linkage is easy to cause the center of
gravity of the tea-picking robot to move upward and
cause instability. For simulation analysis of the
triaxial truss mechanism studied in this paper, each

Fig. 11. Plucking model
Puc. 11. Mooens npoyecca sviuyunviéanus

Fig. 12. Plucking process
Puc. 12. IIpoyecc eviiyunviganus

Mises) Strass

2022f8/11 2:57

14.855 Max
13.205

11.554

9.9035

8.2529

EE024

49518

33012

1.6506
B.606%e-14 Min

Fig. 13. Tea stem stress
Puc. 13. Hanpsoicenus 6 yatinom cmebie

The simulation result of the triaxial truss
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component is considered a rigid body, which has a
certain deviation from the actual working condition.
In order to improve plucking tea shoots' accuracy,
the vibration and performance of the whole machine
will be studied in the later stage.

(2) In the finite element simulation analysis of
the tea stem, only the extrusion simulation analysis
of a single tea stalk was carried out without
considering the collision problem of multiple stalks
in the working condition. Moreover, there are many
kinds of tea, and the microstructure of tea stems is
different. Therefore, the universality of the end
effector needs to be further verified in the following
research work.
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TEKCTa, HAYYHBIH MEHE/DKMEHT, COOp M TEOPETUUECKHIA aHAIN3 TaHHBIX, 0030p COOTBETCTBYIOIICH JINTEPATYPHI,
JKCIEPUMEHTAIIbHbBIC UCCIICA0BaHMUs, 00pab0OTKa U aHATHM3 UX PE3yJIbTATOB.

Yuuepun VBan BiaaguMupoBruY — MOCTAHOBKA HCCIIEA0BATEILCKOMN 3aJa4H, KOHIICTITYAIU3aIIUs UCCIISIOBAHHS,
BBIBOJIbI, HATIMCAHUE TEKCTA, HAYYHBI MEHEDKMEHT, COOp U TEOPETHICCKUiT aHATIHU3 JaHHbBIX, 0030p
COOTBETCTBYIOIIEH JTUTEpaTyphl, IKCICPUMEHTAIbLHBIC HCCICI0BaHM S, 00Pa0OTKa U aHAIIU3 UX PE3YJIbTATOB.
JIuizionb Ykao — MOCTAHOBKA UCCIIEA0BATEILCKON 3a/1auH, KOHICTITYaIN3allHsl HCCIIEI0BAHUS, BBIBOIBI,
HAMKMCAHUE TCKCTA, HAYYHBIH MECHE/DKMEHT, COOp U TCOPETUYCCKHIA aHATH3 TaHHBIX, 0030p COOTBETCTBYIOIICH
JIUTEPATyPhl, IKCIIEPUMEHTAILHBIC HUCCIIC0BaHNUS, 00pabOTKa U aHAJIN3 UX PE3YJIbTATOB.

Yaniztoanb JIOHT — MOCTaHOBKA MCCIICIOBATEIILCKOM 3314, KOHIICTI Ty IH3allus UCCICIOBAHNUS, BBIBOIBI,
HAMKMCAHUE TCKCTA, HAYYHBIH MECHEDKMEHT, COOp U TCOPETUUYCCKHIA aHATH3 TaHHBIX, 0030p COOTBETCTBYIOIICH
JIUTEPATyPhl, IKCIIEPUMEHTAILHBIC HCCIIC0BaHNUS, 00pabOTKa U aHAJIN3 UX PE3YJIbTATOB.

Bce aemopul npouumanu u 0006punu 0OKOHYAMeENbHIN 8APUAHI PYKONUCU.
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