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Design and Experiment of Hand-held Shaking Branch Type
Jujube Vibration Picker
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Abstract; The hand-held shaking branch jujube harvester was designed to solve the problems of low
manual harvesting efficiency and difficulty of large-scale mechanical harvesting in the process of jujube
harvesting. By establishing the “fruit — branch” single pendulum dynamic model of jujube, the conditions
of fruit shedding under forced vibration were analyzed, the dynamic model was solved, the main
influencing factors affecting the picking effect of jujube were determined as vibration frequency,
amplitude and clamping position. The free modal response and harmonic response analysis of the jujube
plant model were carried out by ANSYS simulation software. The results showed that when the vibration
frequency was 4 ~ 12 Hz, the amplitude was 10 ~20 mm, and the clamping position was 0.3 ~0. 7, the
displacement of the main branch and the hanging fruit branch was obvious and there was less damage to
the tree. In order to determine the optimal working parameters of the picking device, the three-factor and
three-level vibration picking test was carried out with the picking rate of jujube as the evaluation index.
Mathematical regression model of picking jujube and the influencing factors were obtained. The
experimental data and response surface were analyzed and optimized by Design-Expert software. The
optimal working parameters were determined as follows: the vibration frequency was 5.91 Hz, the
amplitude was 15. 30 mm, the clamping position was 0.45. At this time, the picking rate of jujube was
93.33% . It can be seen through the validation test that the picking rate of jujube was 94. 18% , which
was similar to tlee optimized values, indicating that the optimized model was reliable.
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Tab.3 Parameters of jujube branches
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Fig. 10 Deformation cloud diagrams of jujube plants
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Tab.4 Experimental factors and coding
i3S
iy — :
YRE IR A/Hz PR iR B/mm Jefifi E C

-1 4 10 0.3
0 8 15 0.5
1 12 20 0.7

4.2 RBERS5HH

| Design-Expert 13. 0 34X} 3% 5 o 19 5 ¥
HEAT Z o0 W mH A A, Ak B S A5 3 4R 2 R 4l 1) R
AR P IT 220 BT A5 2R ISR 6 B .
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Tab.5 Test results

e s L P/%
A/Hz B/mm c
1 12 10 0.5 86. 1
2 8 15 0.5 93.1
3 8 15 0.5 92.8
4 4 20 0.5 90. 1
5 8 10 0.7 88.5
6 12 20 0.5 88.9
7 4 15 0.3 91.7
8 8 20 0.3 90.5
9 4 15 0.7 90. 1
10 8 15 0.5 92.5
11 8 10 0.3 87.7
12 4 10 0.5 90.7
13 8 15 0.5 92.7
14 8 15 0.5 91.9
15 8 20 0.7 87.8
16 12 15 0.7 88.1
17 12 15 0.3 88.2

x6 BEMSERESN

Tab.6 Analysis of variance of jujube picking net rate

U EM AWmE B F P
LR 72.97 9 8. 11 69.42  <0.0001
A 15.96 1 15.96  136.67 <0.0001**
B 2.31 1 2.31 19.79 0.003 ™"
c 1.62 1 1.62 13.87  0.0074*
AB 2.89 1 2.89 24.75  0.0016™
AC 0.5625 1 0.5625  4.82 0. 064 2
BC 3.06 1 3.06 26.22  0.0014™
A? 7.96 1 7.96 68.16  <0.0001 "
B? 21.79 1 21.79  186.6  <0.0001*
c? 12.17 1 12.17  104.19 <0.0001**
k2% 0.8175 7 0.116 8

KT 0.0175 3 0.0058 0.0292  0.9923
4iiitz 0.8000 4 0.2000

el 73.78 16

T e s TR WML (p <0.01)

HR A R A v 38 P B 7 25 3 I & R AT i
I S VER I p <0. 000 1, 356 B LR 245 5 % P AE
Shy i 07 RS Y [l A AR R B A R R P, R
p=0.992 3 N2, UL IIZ AR B o R, [l 7 #R
AR m . RNFE A IRIE B IHF M E C LK
A’ \B* [C* AB BC %} B A v RS Wb B 3% o BBk
AN EIAC 57 TR G P 5 R 3 R i
FRIRSIE A PRIR B JFe i E C ZM M IRE
T =X A A 7R Ry
P =63.287 +0. 1974 +2. 848B +32.900C +0. 0434B —
0. 700BC —0. 0844 —0. 086> —27.200C> (24)
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n

1
A=A+ (A +Xy)

2 (j=1,2,3) (25)

i=1
5!
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A5 AP R R T kR
X5 AR S H A K R 3¢ BAE BTk

%
SZME A FTEXH
0 (F<1)
AZl—%—(F>U (26)

FR A bk gy 2250 Fr i FO(E L 8 0 (25) . (26)
T332 AR 3l R Ak 2ok 2 v 45 A TR B S HO R A gk i
RITHRRINER 7 iR,

®7T BEREXHEMIEREEH®E
Tab.7 Contribution rates of various factors to

evaluation indicators

P& kA
PR IR A 2.85
PR iE B 2.90
FTH L E C 2.79
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4.4 MR gh 5T
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K2 AP 8 bR 52 e, 230 [ 1 AN R AL FE
K B 5 I 4 1 A 56 R 3R 22 1) 58 B AR R o
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Fig. 12 Effect of experiment factors on recovery rate
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