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Design and Experiment of Universal Shaking Jujube Dropping Device

ZONG Wangyuan'? XU Huan' SONG Binggian' XIAO Yangyi' LI Mao'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in the Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract. In response to the problems of low harvesting efficiency and high risk coefficient of local jujube
in hilly and mountainous areas, a shaking-type jujube harvesting device was designed, which used an
eccentric disk to drive a steel wire rope for traction and shaking the tree body to make the fruits fall
smoothly. Based on detailed kinetic analysis, a double-pendulum model of jujube “fruit — stalk” was
established. Combining with actual measurement data, the natural frequency of the system was obtained
as 9.96 Hz, and the average acceleration required for vibrating and detaching jujubes from their stalks
was 283. 81 m/s’. A flexible model of the jujube tree was established through Hypermesh software. By
integrating ADAMS software, a comprehensive rigid-flexible coupling simulation test of the jujube shaking
and harvesting process was carried out. Taking the shaking frequency, amplitude and shaking time as
influencing factors and the harvesting rate as the evaluation index, an orthogonal test was carried out. The
test results showed that the optimal parameter combination was a shaking frequency of 9. 835 Hz, an
amplitude of 50. 602 mm and a shaking time of 5.387s. Under these parameters combination, the
harvesting rate of jujube fruits was 98.2% . Taking the jujubes in Lin County as the operation object, a
practical field test was carried out under the optimal parameter combination. The field test results showed
that the average harvesting rate of jujube fruits was 97. 5% , which provided a valuable design reference
for the development of harvesting machinery for small-sized fruits such as jujubes in similar regions.
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Fig.1 Double pendulum kinematics model of jujube fruit
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Fig.9 Response surfaces of interaction of various factors on removal rate
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Tab.4 Simulation test results

e

e G/%
A B c
1 0 1 1 9.5
2 -1 1 0 93.7
3 0 -1 1 95.5
4 0 1 -1 95.8
5 -1 -1 0 91.6
6 1 0 -1 94.3
7 1 0 1 93.9
8 0 0 0 98. 1
9 0 0 0 98.2
10 1 1 0 91.8
11 1 -1 0 91.3
12 0 -1 -1 93.9
13 -1 0 1 96.3
14 -1 0 -1 93.6
15 0 0 0 97.8
16 0 0 0 98. 1
17 0 0 0 98.2
xRS5 AFRBUEFEDN
Tab.5 ANOVA of jujube picking rate
3/ EHAM AME B F P
LY 93.51 9 10.39  483.24 <0.000 1 **
A 1.90 1 1.90  88.43  <0.0001*
B 3.78 1 3.78 175.87 <0.0001*
c 2.65 1 2.65 123.02 <0.0001*
AB 0. 64 1 0.64  29.77  0.0009 **
AC 2.40 1 2.40 111.74 <0.000 1 **
BC 0.2025 1 0.2025 9.42  0.0181"*
A? 49.83 1 49.83 2317.47 <0.0001*
B? 27.16 1 27.16 1263.47 <0.0001*
c? 0.0557 1 0.0557 2.59 0.1516
B 0.1505 7 0.0215
2 37 0.0425 3 0.0142 0.5247  0.6884
gl 2% 0. 108 0 4 0.0270
S 79. 19 16

o RN 3 (P <0.01); + KR 3% (0.01<P <
0.05),

max G(A,B,C)

s.t.p —1sA<1
(21)

-1sB<l1

-1sC<l1

3T H A eR RO A SR i L 45 20 R S Ak
KM S A A AR R R 9. 835 Hz, Ik iR
50. 602 mm FEARIN ] 5. 387 s, M 21 AR SR i R
H98.2% ,

4 HERE

4.1 HEHER
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ROYRME AR I ) i R A A, AR I 4 2R ) AL A ik
A3 7ML S8 U AR L 7 5 SRR B 21 AR R A
T AN, B YR B A 10 o .
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Fig. 10 Photos of field test
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Tab.6 Field trial results

el ERBE A RRBE S RICR %
1 925 26 97.3
2 698 17 97.6
3 977 23 97.7
FHE 97.5

PLACAE 5 T ]R8 2R W R S PR 22 (] 1R 22 /N T
5% EKWIRBN S WA G ARG RT3 SR
PRI N 10 Hz FEARYRIE A SO mm FEIRIFE N S s
I, 21 A RS 2 R W R 97. 5% , 5 BAIE AL (E
(98.2% ) #H22 0.7 A 43 s, T[] 1 56 245 21 2% W 1L
A5 A5 20 Y i DL BRIk 2 B B AT B B vl S
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Fig. 11 Jujube shake before and after comparison
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