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THEHL

Lifting and conveying mechanism
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Clamping mechanism
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Console Location of Chassis U-shaped base
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L
Connecting mechanism

A1 #XHERREMENLEHTF
Fig.1 Structure diagram of wheeled Camellia oleifera fruit
harvesting machine
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Table 1 Main technical parameters

2 Parameters & Values

AMER S (x5 xH5)/ mmxmmxmm 2340%x800%1 150

WL R /kg 720
RN QC1100X 3Kl
BCEZN J1/kW 17
T I/ T AF K F1/MPa 16
AT S /(km-h ") 0~5
A ML 15 A 5 el /mm 0~300
W B A T B H
(N FE+FHEA

2 KRR

2.1 ITENME
2.1.1 J&#E

FPENMIME 2 fioR, EEBRE S5 KRG A .
FLrp R A PR AT AR S T A WA RS W AT AR AR D) ek
s R LI B DI A48 B EM . HR. %
WRENHL. ZE4E. ML A S R . 1T ER RS
JIH e R MR, AR EAR AT R . AR
Kie, EHEAEIKR, BT SIKE); 5580,
SENQHRFAHE, HT SR, SREILENRE.

IR S A, BN S B I AR, &
AT R, ABRENL. WA, BEM. BAS. B,
HREIR, 2Bz )13tk . BT RA AT S L H LA A
e, (EAS SRR B AL AR S R AR A, R T X TS
BRI RE R AR KU, SRS A 26 4% 45 28 A P
Wik 3 Fios

WL E# K C,=515 mm, C,=73 mm &K K4EEH
3N LA HMA I, C=111 mm AbESA 2 AR 4G

WHRHEAL, C=42 mm AbENA 2 A3l 7 SCSR I e AR e
fL, B 713 BEE I B 7 SR e R S MU A R . B
K E C=368 mm, C=60 mm ALK KEGA 2 A 5eh
MLZ L, FZREK 815 mm, FZEE % C=430 mm.

yd 1 MR s

Solenoid valve  ¢yy4ch

Fll AR LA AR
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Sub-gearbox Main-gearbox
ESEY Il
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B2 ATAMMENE

Fig.2 Axonometric diagram of walking mechanism

e DVEZE ESPIDAEET, ANk, RS AT o NARKRIE RIS
ZHEABRR (x,3,2)s G B EEBKEL, mm; G, N FASEAR AL 5L
28 EEORTSGER RS, mm; C; N ASTHEAN 2L S B A A 2R ALEE B, mm;
C, NEIRHEFE ZHAL G 3 VIR EAR 23 fLIE RS, mm: Cs AN I
KR Co ASMHL 2L S8 ISR EHGBE RS, mm; C; 9EZESE, mm.,
Note: Establish a three-dimensional coordinate system (x, y, z) with the upper
plane of the frame as the reference plane, the edge of the frame as the axis, and
the intersection point o of the axis as the origin of the coordinates; C, is the
length of the upper part of frame, mm; C, is distance between the main
transmission mounting hole and the front end of the upper frame, mm; C; is
distance between main transmission mounting hole and secondary transmission
mounting hole, mm; C, is the distance between the mounting hole of the
auxiliary transmission and the mounting hole of the fixed plate of the power
support, mm; Cs is the length of the power support; C; is the distance between
the diesel mounting hole and the rear end of the power support, mm; C; is the
width of the frame, mm.
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Fig.3 Chassis frame of harvester
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Note: The arrow points to the direction of power transmission.
B4 EAEMA E L)L
Fig4 Layout of components and power transmission routes of
machine
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Fig.5 Installation diagram of connecting device
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R4 Inventor 1 iProperty £5 5t 7] 13 B /E ML AL 5 F

T SRS B BE 18588 N, 1 3) RitHBH
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LUNUE, 1T T AT AR SR A 2R B B PR R

e FONESREWMEWET S &S, Ny FOY ETHERERT B8,
N; G ARBCEE SEREENSET, No

Note: F; represents the total bearing capacity of the hydraulic cylinders on both
sides of the connecting device, N; F, represents the pulling force of the ascending
connecting rod, N; G represents the total gravity of the harvesting device and the
connecting device, N.

He6 EHEEZANIA

Fig.6 Force analysis diagram of connecting device
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Fig.7 Harvesting device clamping tree trunk
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BRSSP IINE L NP IS E X G Y] IN
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Fig.8 Side view of conveyor device
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B9 & XLRARAE I
Fig.9 Toothed fruit collection board lifting and conveying
component

e FIZ 20 i R4y A 1 2P AR 23 4 2.0,
2.5, 3.0 m/s R AT 3 ALR8IF th AN R L Rl 2R R
PSR F S R F, R 2 iR, fE30s N, £k
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Table 2 Conveying effect of Camellia oleifera fruit under

different speed of fruit collection board

A TR EEs
Speed/(m-s™") Fruit yield rate/% Fruit damage rate/%
2.0 91.7 1.9
2.5 83.9 23
3.0 67.7 3.7

B 1A 20 AR 2R N 2.0 m/s Jim 4R SR R IR &5
ST e R AR AT A5 M st P SRS R B R AR
Jig, BabHiE R BRAGR OFF) s & 24405 P FAR
PR, BRI REIR; ER SR RERET, R
TWRRGERE, e T R AR, WK 3 PR,
Ui 5 R A I A% SRR R — B3R T, ORF R
% 93.1%, iRFTHEZE 1.1%, WK 4w,

=3 mRHESH

Table 3 Parameters of fruit collection board

T H B BE B ER Ek iR B 4% Discharge port
Items Width/mm Distance/mm Material diameter/mm
BURET 200 250 82| 80
Bl 220 200 FHBEK 108

F4 WRIRBUHRE M RAEBR
Table 4 Conveying effects of Camellia oleifera fruit before and
after improvement of fruit collection board

T H Items R 2 Fruit yield rate/% i Fruit damage rate/%
A 91.7 1.9
SuH R 93.1 1.1
(2) W E

B 10 s, WOERRE R E N U MRS E Q4
T EE 4 DNEE) AR, U YR EE R 2 SR
Binik A AE SR A AR o an i 10 Fros (Y
FEMUR R S i I s Weh A EEVE R 1400, DUAFAL
T2 77 B AN HEAT BE A, B RAETI N 600 N AR <=1
S PN BEA BEAR NG 5 A AR, F23h il A i
MBI EHRIE T B, & AP NIk
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Four-bar linkage

B/ 10 KESRAE
Fig.10 Collecting umbrella base

Electric push rod
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i U et
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B
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Vax SRR B I KIS AT S, m/s; P, NIRRT i K
ITREINE, kW; m, NHE S FIAH G B A DL i 1%
YRR E, kg m, NENLRE, kg g AEITINEEE,
g=9.8 m/s’, BNEMLMEE, HL25°, u NEEHERE, HL
0.15, f; NERFIBLIIZRE, HL0.3, n, NEREE MR, W
0.5%728, oy, AR BAL SRR, B 0.9, p NEHL
e, L 0.95%, p, MEEACE, L 0.85PY, gy b
MR, BL0.95, n NIERLHE SRR 25, BL0.9P7,

FH T 2 BTN 2R P =97 kW

gx b, whE i A Rl Eh 73R A QC1100X 4
ML RIS SHIZEE X EE EEEE, WUEHE
NI, L= AR KCE AL E, R KB HLED
W ER R ENNU R IR, SR AR )
3.2 1TERAE

B AR MO LAT G iod 1 2 i LR AE e PR S 2% A
Refs A 2k e B sl I PEREDSY . 8 it yh 2% SRR 3 58
T, FEMMAATH. Y. ¥ 3R, &R
RSB IE o P W v 1 B bR, XL AT AT BE s
30T
32.1 M@ATRAE M

SRUSCHLTE RHE A R AT B0, AR KRS, X ik T+

+ P,

P, = 5

SRR 47 0B R AT 52 0 40, B 11 B
XF O, RS T TR
Fy(Li+ L) +GsinB-L, =GcosB-h (6)
RMHUAL T4 AR SRATTBIDIR S I Fp=0, AiF AT (6)
PR A TR A B KAE B Y
h
Proax = arctan(L—) 7

1
1ok ) U A 52 SRR O P B e R R B BE S L,
I [E 52w, i oinventor 43 M7 A% B W] 458 £=435.7 mm,
Li=423.7mm, AT (7) RIG Bra—=45.5%

a. Mile) 52 71534

a. Analysis of lateral force
H: O JREMUT L O AEMNER SRIEEMALE: 0, NANER 55
YRR E O, MDA 5 RHI BRI B b N RUCHUIR 0 5 A B
FEES, mm; Fy Fypv Fp FUF 530 R AT B S50 0 2275 O S A8 R )
FIARER S, Ns P Fre Fpl5 Fp 52 B\ TESEN R A O3S
REVIR I RER 1, Ny L5 L 50 REHUR 05 0, 5 0, MR,
mms LA 0,5 0, HE, mm; L, N 0, SROIEE, mm; f A
TR AL, )y NIEATHIIRB AL, (©).
Note: O is the center of mass of the harvester; O, is the contact position between
the left rear wheel and the slope; O, is the right rear wheel and the slope contact
position; O; is the right front wheel and the slope contact position; 4 is the
vertical distance between the center of mass of the harvester and the slope, mm;
Fy, Fy, , Fy and F, are the tangential force and normal force of the slope to the
left and right rear wheels when driving laterally, repectively, N; Fy,, Fy;, F, and
F,; are the tangential force and normal force of the slope on the right front and
rear wheels during longitudinal climbing, respectively, N;L, and L, are the
distance from the center of mass of the harvester to O, and O,, respectively, mm;
L is the distance between O, and O;, mm; L, is the distance between O, and the
center of mass, mm; f is the slope angle when driving laterally, (°); y is the angle
of the ramp when driving longitudinally, (°).

B 11 REMZ AT

Fig.11 Force analysis of harvesters
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0D 1IN T I A TR Y xS
L—L3)
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b. Analysis of longitudinal force

an

Virax = arctan(
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h=435.7 mm, L,=507.1 mm, AR (9) 5 (11D R
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4 HHURAE
4.1 RIEKMH

2023 4 10 A 20 HAEK VD 17 00 BH &7 8k 3 2% AP e
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K 29°H 3t
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BEATAT Bhoad ok R, W 12 B, 7R 19.2°8 1H PA
1 kmv/h P8 EATICYE, PLimidiae 1k .

(2) BhJITHERE CRAM Hnk e DL AT B ). K
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158 P E D 3R SR o 2 6 P R P R A T T
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A
b. 4k it

b. Conveyor test

a. TR MRS (19.2°415)
a. Driving stability test (19.2° slope)

A

c. KA L
c. Picking test

d. YR

d. Collection test

B 12 Hpuke
Fig.12  Prototype test
43 FER55H
I 25 RN 5 Pron. 56 T2 i By LAT B B2 A
T 0~5km/h, SEIL1HZRACRC AR, HlahtERE
Begfs VRN S5 0~300 mm AT, HLE &K T f
19.2°; K. GhIaMETRE A 6 2 ROV B PR REEE SR, &

KA AR A 150, R MR SR . RN LN
40 ¥k/h, KA EAMLT 85%, iR AT 8%.
RS HNMEERIESER

Table 5 Prototype performance test result

TiH WIHE XG4 R

Items Design values Test results
SRR /(KR =30 ~40
WAER 1% <10 <8
R % =80 =85
7R /(km-h ™) 0~5 0~5

FEMVAAL 4 5 /mm 0~300 0~300
JTEAT 3 BE/(°) =15 192
A 1)U /() =12 15

SEPVA MAEIA ST, H AT LR SRR L A7 A DL
TR QiAW E T ARy X2, FEEE
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Development of a wheeled integrated machine for Camellia oleifera fruit
harvesting in hilly and mountainous areas

PENG Yuxuan , LIAO Kai*™ , XU Shiyu , CHEN Fei , LI Lijun , TANG Gangche , LUO Hong

(Engineering Research Center for Forestry Equipment of Hunan Province, Central South University of Forestry and Technology,
Changsha 410004, China)

Abstract: Camellia oil is one of the most significant woody oil crops in the hilly and mountainous regions of south China.
Manual harvesting cannot fully meet the large-scale production, due to the minimal site conditions, tree management, and
mechanization levels. Fruit harvesting has significantly hindered the rapid development of the Camellia oil industry,
particularly for the labor-intensive, time-consuming, and costly. Therefore, mechanical harvesting has been crucial to increase
the self-sufficiency rate for the large-scale production of Camellia oil. In this study, a wheeled integrated harvester was
designed to harvest the Camellia oleifera fruits. There was the walking mechanism (chassis, and control system), a connecting
mechanism (connecting device), and an operating mechanism (harvesting device, collection and conveying device), with a
power rating of 17 kW. The walking wheel was designed as the iron high-pattern rubber wheel. The grip has fully met the
requirement of walking on slopes. Rapid harvesting and automated collection were realized for the Camellia oleifera fruits. The
machine was measured by 2 340 mm in length, 800 mm in width, and 1 150 mm in height. The picking device and collection
system were connected to the chassis via a lifting device. The harvesting mechanism was maintained perpendicular to the trunk
during operation on slopes. The lifting device was used to control the position of the operating mechanism, according to the
passing performance and operational requirements of the machine. The structure of the whole harvesting machine was more
compact, according to the vibration theory of fruit picking. The tree body was vibrated to keep the machine still. It was
necessary to reasonably arrange the machine components for the vibration isolation. Specifically, the vibration generator was
placed behind the conveying mechanism and flexibly suspended on the frame. A chain delivery device was designed to meet
the requirements of Camellia oleifera fruit delivery. The comparative tests were conducted on the speed and transmission at the
linear speed of 2.0 m/s. The key contact components were optimized to obtain a final fruit harvesting rate of 93.1% and a
damaged fruit rate of 1.1%. Elongated holes were used to remove some impurities on the bottom of the equipment's distribution
device and the concave surface of the contact part. Some impurities were removed to automatically screen during delivery. The
wheeled chassis power and structure were matched to meet the requirements of chassis layout and power transmission. The
installation angle of the diesel engine was adjusted with the slope. The main transmission was used as a worm gear system.
Safe parking was realized to ensure the engine's reliability and safety on slopes. Test results show that the harvester was
operated efficiently to cover 40 trees per hour, with a picking net rate exceeding 85% and a flower loss rate below 8%. The
speeds of the machine ranged from 0 to 5 km/h, with a height adjustment range of 0 to 300 mm. The machine was used to climb
the slopes with an angle of up to 19° and a maximum lateral tipping angle of 15°, meeting all operational requirements for slope
terrain. Standardized and mechanized Camellia oleifera planting is crucial to the structural design and efficient use of
machinery. The integrated machinery can be expected to achieve the maximum efficiency of production.

Keywords: agricultural machinery; experiment; wheeled; Camellia oleifera fruit; harvesting machine
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