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Abstract: [Objective]Nowadays the jujube harvesting in Xinjiang area is still based on manual or semi-
mechanized operations, and the production process is very difficult. Abundant demand of labor and
long-time operating have resulted in a higher production cost and lower efficiency, which greatly limits
the development of jujube industry, so the research on mechanized harvesting for jujube fruits can be
helpful to solve the problems with an objective to reducing the labor’ s number and intensity, as well as
shortening the harvesting period. Because the mechanized transport and impurity removal have not
been solved, they are apparently considered as the main shortcomings of harvesting jujube. Especially,
the current jujube growing in Xinjiang area is based on HD planting with the small scale and different
varieties, which are directly limiting the development of large-scale harvesting machines. Compared
with the other processes of jujube industry, the mechanization level of jujube harvest is very low. In or-
der to promote the whole mechanization level of jujube industry and increase the output efficiency, it is
very urgent for us to develop the appropriate harvesting machine for jujube. In the present study, a new

type of air-suction machine with smallsize and great adaptability for picking up jujube was designed.
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[ Methods ] This machine was designed with negative pressure to pick up the ‘Gray’ jujubes, so the pa-
rameter of suspension velocity was the key to separate the jujube fruits from impurities, and a new de-
vice including wind velocity sensor, observation tube and frequency converter was developed to test the
suspension velocity and acquire the parameters, and thus the ranges of suspension velocity on ‘Gray’
jujube were 17.2-21.4 m-s'and 15.1-18.4 m-s™, respectively, and this machine was designed to pick up
and transport the jujube fruits dropped on the floor by negative pressure. The structure was mainly com-
posed of pipette, delivery hose, separating box, shredding device, discharging device, tilting screen,
walking system and transmission mechanism; and the fan and forward powers were provided by a small
diesel engine. When the machine was working, the fruits and impurities dropped on the floor were col-
lected from the ground by pipette and delivery hose, and then transported into the separation box by the
air flow, and thus the fruits and impurities were separated by the fence, and the debris were removed in
the separation box. The results showed that the impurities included branches, leaves and light debris. So
the fence spacing was designed as 15 mm for fruits to pass through. According to testing, the three-axis
size, volume and density; and the shredded cleaning device could smash impurities and prevent the
blockage. Y112M-2.C2 centrifugal fan was selected as the important device to apply in the machine
based on the airflow conveying theory, the route and pressure losses were taken into consideration in
the equations, and the unloading capacity was also calculated by the airflow transport; when the fruits
fell into the box and were discharged through the discharging device, the efficiency of discharging de-
vice was calculated as 25 r-min™. Then the fruit was directly discharged on the tilting screen and slid in-
to the collecting frame by the unloading device, the clods, stones and jujubes were separated by the tilt-
ing screen, and the impurities were cleared to crush by the debris and discharged from the fan outlet.
[Results] The field testing verified that the performance of this machine was perfect, and the picking
up efficiency, impurity removal rate, fruit damage rate and missing rate were considered as the key in-
dexes to estimate the performance, and the results showed that the picking efficiency of this machine
could reach 220 kg-h" and 285 kg - h", respectively, and the impurity rates were 3.75% and 4.28%. The
damage rates after picking-up were 3.15% and 4.05%, and the picking rates were 92.20% and 90.65%,
respectively. So this machine could basically meet the design requirements with 16 hours continuous op-
erations in Xinjiang HD jujube orchards, and the size of machine is suitable for using in the dwarf HD
plantings in Xinjiang area. [ Conclusion] The air-suction machine for picking up jujube fruits could re-
duce the labor intensity, shorten the harvesting operation period, reduce the labor cost, improve the
mechanization leveland promote the development of jujube industry, and this machine has a great mar-
ket appeal in the jujube industry. The analysis and calculations have determined the mechanical and op-
erating parameters of key components. The field testing of the jujube suction harvesting prototype ma-
chine verifies that the performance could meet the harvesting requirement, and it is beneficial to the fur-
ther design and optimization of pneumatic jujube harvesting machinery.
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Table 1 Material parameter value table

K Gray jujube 32 Jun jujube
S Parameters okl MA TR O M P

Maximum value Minimum value Average value Maximum value Minimum value Average value
K Long/mm 39.27 24.73 29.35 55.02 25.52 40.35
& £ Width/mm 27.57 18.32 21.67 38.46 18.42 28.54
JE % Thick/mm 26.28 16.53 20.81 42.25 21.04 31.65
Jii R Quality/g 18.58 341 13.62 19.47 3.55 12.25
A Volume/em’® 2237 4.52 16.72 48.50 7.62 27.65
W% Density/(kg-m™) 854.35 848.20 850.05 489.75 482.62 485.45

112 BFREQNE 020 R TF &2
BHE DI KCE S RN B EE 5 50N 17.2~
21.4m sl 15.1~18.4 m-s", i%55 B B B E5a
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1. Observation tube; 2. Feeding tube: 3. Regulator tube; 4. Fan; 5.
Thermal high-precision wind speed measuring instrument; 6. Frequen-
cy converter.
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Fig. 1 Suspension speed measuring device
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1. Hand-held pipette; 2. Transfer hose; 3. Brushless motor; 4. Dis-
charging device; 5. Dividing box; 6. Choppy and clearing blockage of
device; 7. Sprocket feed of mechanism; 8. Centrifugal fan; 9. Diesel;
10. Electric control box; 11. Battery; 12. Frame: 13. Collecting box:
14. Framework; 15. Blanking barrier of tilt; 16. Draft arm.
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Fig.2 Structure diagram of picking machine with air

suction type of floor type jujube
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Table 2 Main technical parameters of picking machine

with air suction type of floor type jujube

FEEARSH ZHE

The main technical parameters Parameter value
SR CRox i x ) 1.24%0.62x1.425
Dimensions (lengthxwidthxheight)/m

TAER} & Length of work/h 14~18

1k # Working range/m 0.2~3.0
TAERCE Work efficiency/(kg-h™") 200~300

% 7% Miscellaneous rate/% <5

5% Damage rate/% <5
619+ 2 Purchasing rate/% =85
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1. Intercepting jujube of barrier; 2. Separation chamber; 3. Retain-
ing jujube of board: 4. Settling chamber.
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Fig. 3 Dividing box
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1. Choppy lapping; 2. Choppy roller; 3. Clearing blockage of
teeth; 4. Holding rod; 5. Fixed pole.
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Fig.4 Choppy and clearing blockage of device
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1. Cavity of coat; 2. Regulating blade; 3. Fixed vane.
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Fig. 5 Discharging device
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Fig. 6 Prototype of performance test on field
31 REEENERRE
o P A AR 3C T H0 48 S5 B 20 7 70 R B, A
FITH I 20 S AR RS SR AR R I, 2 RN
N AT SF AT RIS A B R M A L AR I, N R I

A AN IR BT, PR E AT A AR AR BRE SR e
Ai 1 Bi.,
33 WmMEN=ERE

AR /= SR S BT & N EAR SR R A
AR EORI R AR 2 S H 2 lid oy Ci 1 Dis

1A
“=127

_1vyB
y_IO;AiXIOO% (15

_1yD
/\_IO;QMOO%

KA a: B ACE kg h's y AR A < B

WIREE R LA 10 AT I E N e A B A R
34 HREENEXE

FEZHUAR TAR Z 1, A5 1 BE LBk AR
A, LR O B0 AE R TR 2408 2 m s
DB DX I, TR B 20T A0 O mie AR R
R 73 B0 B DX S AT A R AR, 36 40 0
DX AR LA 5 128 Mo

n=1—$§]‘,%>< 100% (16)

XA, R,
I AKXAHFMA) THHAF IR, ik
3 PN . EHEE AT AN, S0 25 B 2 TR .
R3O REAMEEEN SR I EE

Table 3 Prototype of performance measurement test data

I RAFPREA SRR

k;léaéurement standard Jun jujube Gray jujube
planting mode  planting mode

EOR FEVES 220.00 285.00

Pick up efficiency/(kg-h™)

4 7% % Miscellaneous rate/% 3.75 4.28

A5 2K Damage rate/% 3.15 4.05

515 2% Purchasing rate/% 92.20 90.65

4 v W

1) 7 9B 20 R LUR AL R AR 08 32, AR
I TWSCERAE L, 01 1) /I L 20 A SR U FT 32 v 41
AR RN 578 . e BAET T
AR L AWCRAUR A A0 25 A SR B, A I e A
B MR 30T iy b R Z0 AR % B dE AT e 4, I IE
I R 21 AR 4% i ik 1) 73 3 E



284 3 i

S

374

Y TE Y IR T, SRR NG RIE 2% o R ol
BRI EIE RIS . LA T B X
923 m-s INEME S HR £, AR 182.8 kg b
AU L e R i, W 5 3 28 LR L
TN THES) . PMSCEEIRF I ) H A A B FR AL
I FH 7 R 3k o 3 %o} 21 RN A TR AT 4 $E R %
T 3T P T O 22 e R S I 2 o A3 B AR ML, AL A
FKZH 0.052 hm? - b, AE VI SR AIME Y 2 36 28, T3 A
SE B X 2% S B A A TIE EL, WO SR 4D A A R
B B SO IR BT BV M AT ASRAL 1A LF
V7RSS B S IR L AR i A AR B
W 2R R AT S B s TR R B AT R
RPN ERFG . AR R HEHRR K AR
90°, #% 18 140 r-min”, FLEATIHIEE 0.4 m-s' B, 2E
FEEAIL 413 kg b IHIE R LN 93.6%, Tt F 2
21%. HIZAUG T3P R A, A& A
ML, 1T ELTE S H6 A Ml 11 3 75 56 V& b 27 kAT
BB, R SRR R E,
AR KL H 13 T3S0 F A I R 1<
T VE b R WOk R AR B L, Sk B ik
ARG . ZAHLRIG R I, AR N 12.20
Hz, B 51 SBTHEECN 12 AN, 5015 R A ik 85.7%,
BRI T 0%, (HIZHLTE N THESIEN, [FIFE 75
DG A e 7 [ i e =5 (o 28

P B a e iU GRS RARCE (v =t | R e AN
ARRAUAR ISR FH A7 280126 S 3 S 21 & )45 4 5K
Bk . AH LR AR B RS T 1 Rk
ML, o X v L0 R AT AR 25 A B, B TH F Bl Ok
HEEE TN THEBNE N, F5 2R 24 J5f 40 Sl 4
I e A DARRAR & 28 . LA 7 F Oy 220~285
kg b, & 4 2N 3.75%~4.28% , 1 E Y 3.15%~
4.05% , F 15 %5 90.65%~92.20%. ZHL T EE A%
KA G R AT R FE UK , Va1 SR I K
A 16%~20% , X 138 FE BR AR, & H 4
B, AL R AR SN A T R 58 B
EHLHIE A2 12 500 7T, T B 20 000 TG,
T 2019 45 M 58 E 6 XA 5 B
HUE, # EEF HoAth /N 20 AR L, iZ AL R i
IR SE TR AR B R 5 5 ARSI

5 4w

DA S — AR Q& L ZL A 4R L, A H
s IR 3K Ji BT 9 21 A BEAT F 40 Az L 1s S
VT TR AR 70 12 21 RN 2% 5T Gt o A T 4

BRiEE R g2, B E RN AL E T
KA RE B NS BT S

)X FEALIE BEFi b gk AT H AT 56, 16 45 SR 3k
B AR 98 R R (45 45 20% 0 220 kg - b 4%
R 3.75% AR E 3.15% F1F K 92.20% . {ERKE
Tl AL 2 ] 1) 467 40 250 A 285 kg - ! B Z8 R 4.28%
B R 4.05% K15 90.65% , it & 21 ALK F5 WL
PEMEER

S22k References:

(11 PEAEEREZR LS P EAEE 2017[M]. L5t
B Al H i, 2018,

China Agricultural Yearbook Editorial Committee. China agricul-
tural yearbook 2017[M]. Beijing: China Agriculture Press,2018.

(21 B, YA, 2 pokn SRS AT A L T AR R AR RS
FABORETE S R[], AT TE,2017,39(1):256-263.
ZHOU Yuanhang, KAN Zai, LI Chengsong, ZHANG Huiming,
FU Wei, CUI Jian. Research and development of fruit collection
techniques for landing fruit trees[J]. Journal of Agricultural
Mechanization Research,2017,39(1):256-263.

[3] WL, A, FR IR, FhINEN, e, SR , 5% AR

SNSRI FCBUIR 2 e 5 5 e Iy 1ml [J]. B s b B2,
2013,50(3):499-508.
SAN Yunlong, NIU Changhe, QIAO Yuanyuan, SUN Xiaoli,
LIU Xuanfeng, GUO Zhaofeng, WANG Xuenong. Current sta-
tus, progress and development direction of mechanized harvest-
ing of forest fruit[J]. Xinjiang Agricultural Sciences, 2013, 50
(3):499-508.

[4] W, B I, AR, IBERE , 00 | B SR AL R SRR A BT
FOIR 5 A SRR R LT]. P ER B, 2016,37(7):222-225.
HU Can, LU Bing, HOU Shulin, YI Xiaokang, WANG Xufeng.
Research status and development countermeasuresof Xinjiang ju-
jube harvesting machinery[J]. Chinese Journal of Agricultural
Mechanization,2016,37(7) :222-225.

[5] A Ao, 40, PVRY , FRNAL, BRA% . 1 E B B R 4L
FBGRHLIBETH[T]. RAVLHFFT,2014,36(4) : 106-109.

FU Wei, HE Rong, QU Jinli, SUN Yu, WANG Lihong, KAN Za.
Design of self-propelled dwarf dense planting red jujube harvest-
er[J]. Journal of Agricultural Mechanization Research, 2014, 36

(4):106-109.
[6] s . AL RWH T SR 7L [D]. Bl H7 /K « 35 H
ARKE,2014.

SHI Gaokun. Design and experimental study of air suction ju-
jube harvester[D]. Alar: Tarim University,2014.

(71 EmE, S0 SRR AL o 5 R[] Rk T
£,2014,4(3):109-112.
SHI Gaokun, MA Shaohui. Design and experiment of air suction

red date picking machine[J]. Agricultural Engineering, 2014, 4



21 G e Wl Ea W S R SR e N R SRR 285
(3):109-112. Mengjie, JIN Jinshan, ZHANG Chaoshu. Development of pneu-
[8]  FAMEAR, Th/ks . B E A AR LI BT 5 5[], A Bk matic type dwarf cultivation red jujube picking machine[J]. Jour-
WE9T,2016(5)5143-147. nal of Agricultural Engineering,2019,35(12):1-9.
SUN Mingyi, MA Shaohui. Design and experiment of self-pro- [15]  JAT54n, & S st R B 5 Bt S M. M - ] e R
pelled red date picking machine[J]. Journal of Agricultural SRR H AR, 1981,
Mechanization Research,2016 (5):143-147. ZhOU Nairu, ZHU Fengde. Principle and design calculation of
[91  FhRSA . AR AL 4G 35 B 250 2 Bt Ak S 5% 43 BT [D]. pneumatic conveying[M]. Zhengzhou: Henan Science and Tech-
R /R « B BURCK 2%, 2016. nology Press, 1981.
SUN Mingyi. Structural parameter optimization and experimen- [16] &L, dhl, v, 4= s, sk 280 | JRAN I N2 B 2 BB
tal analysis of air suction red date picking machine[D]. Alar: MM SR8 (0], RHULATFT,2017,39(1):152-157.
Tarim University,2016. LU Bing, HU Can, WANG Xufeng, NIU Ruikun, ZHANG Pan-
[10] & Je, TJEusg, skEE0E , AN . H 20 7 Hh 20 R WSRPL I BT ). feng. Design and experiment of vibrating screen type jujube
LAALHTFL,2017,39(12):68-72. multi-layer decontamination classifier[J]. Journal of Agricultural
LU Bing, WANG Xufeng, ZHANG Panfeng, HU Can. Designof Mechanization Research,2017,39(1):152-157.
a new type of jujube harvesting machine[J]. Journal of Agricul- [17] S5, Futam, 5007 . KHLFNE M. 2 i JE5T MUk L
tural Mechanization Research,2017,39(12):68-72. HRALE, 2011,
[11] . s L N A S F R AR L gk 5 iR G0 7 XU Kuichang, WANG Honggiang, GAI Jingfang. Fan manual
[D]. FATHE/R « 38 LA K 24,2017, [M]. 2ed. Beijing : Mechanical Industry Press,2011.
LU Bing. Design and experimental study of electric self- pro- [18] ML . U ACRARHL R I IHi%k R G ih K H 3l 1%t 7t
pelled landing jujube cleaning and picking machine[D]. Alar: [D]. A F: AAF K%, 2014,
Tarim University,2017. YANG Hongjie. Design and dynamics of pneumatic conveying
[12] &R L ARATEFHL LR 16 5% B - 558 (D]. A+ system of unified picking machine[D]. Shihezi: Shihezi Univer-
VT K%,2018. sity,2014.
PAN Junbing. Design and experiment of air blowing type red [19] M, 4, 7171, #KH . SR E £ 508
jujube picking device[D]. Shihezi: Shihezi University,2018. AR BT T[], RHLHETT,2014,36(6) : 120-122.
[13] W&, X E4%, T, skETT, FTE . AR 20 R a3 YANG Hongjie, WANG Weixin, DING Pingping, DONG
BT 52305 B[], KALITTT,2018,40(9) : 139-143. Changyan. Design and analysis of key components of the con-
PAN Junbing, LIU Yudong, DING Kai, ZHANG Zhiyuan, FU- veying system of the collecting cotton picker[J]. Journal of Agri-
Wei. Design and motion simulation of air- blown lan ding red cultural Mechanization Research,2014,36(6) :120-122.
date picking device[J]. Journal of Agricultural Mechanization [20] FHTARE, EIA A BB B, B A R AL
Research,2018,40(9): 139-143. R ZHLIATT R[], FA 44, 2019,36(7) : 875-883.
[14] FRZEZE, B BT, AW, T2 B4l sk . R YANG Binghui, YAN Shujun, ZHAO Jinfei, CHEN Guang,

BRI L A AN 1] A0k TR 243],2019,35(12)
1-9.
ZHANG Xuejun, BAI Shenghe, JIN Wei, YUAN Panpan, YU

LIAO lJiean. Development of movable light and simplified red
jujube removing machine[J]. Journal of Fruit Science, 2019, 36

(7):875-883.



