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1.Cooling air outlet 2.DC-300-3 electric vibration bench 3.Coupling 4.Slide
table  5.Adjustable clamp  6.Slide support 7.Horizontal slide 8.Base
9.Computer 10.YMC92 series of dynamic data acquisition system 11.Signal
amplifier 12.RC-2000 vibration controller 13.Power amplifier
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Note: xOz is coordinate system based on the outer end of the jujube stem, XYZ is
coordinate system based on the jujube’s center; « is the deflection angle of jujube
stem in the z-axis direction, rad; § is the deflection angle of jujube in the Z-axis
direction, rad; y is the deflection angle of jujube in the X-axis direction, rad; r is
the distance between the O point and the center of the jujube stem, mm; / is the
length of jujube stem, mm; «a is the half-long axis of jujube, mm; b is the
semi-short axis of jujube, mm; R is the ellipsoid radius, mm; m is the mass of
jujube, g; M is the mass of jujube, g; K, K>, K3 is coefficient of elasticity; C;, C»,
C; is viscous damping coefficient.
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Fig.2 Double pendulum model of “fruit- handle —branch”
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Note: £, is the trunk height of jujube tree, %, is the crown height, and D is the
maximum diameter of the crown; [, II, III, IV are different paths.
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Fig.3 Experiment of frequencies scanning
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c. The relationship between the amplitude and frequency of resonance point (3,5,7 mm amplitude)
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Note: Fig.a is the changes on voltage of acceleration sensor with time; Fig.b is Fig.a the ratio of voltage value to sensitivity of the sensor (intercepting one of the
resonance area); Fig.c is the relationship between the amplitude and frequency of the resonance point (3,5,7 mm amplitude); Input0-1 A is the number 1 sensor;

Input0-2 A is the number 2 of the sensor; Input0-3 A is the number 3 of the sensor.
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d. Relationship between frequency and acceleration of path IV (Amplitude 3,5,7 mm)
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Fig.5 Sample tree test point acceleration
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Table 1 Correlation coefficient between amplitude and acceleration
Sl 1% i i 7)1]}2}% Acceleration/(mz;s‘l) i i
Amplitude/mm  Path FEIRES a FEIKRES 2, FEIKES ay FEIRES as FEIREE as FEIREE a6
Sensor a; Sensor a, Sensor a3 Sensor a4 Sensor as Sensor ag
I 0.995 567 0.958 473 0.660 484 0.519 226 0.176 11 0.306 904
3 I 0.983 676 0911 544 0.621 035 0.117 504 -0.249 11 0.100 998
il 0.889 328 0.723 165 0.552 060 -0.11 418 -0.687 18 0.008 275
v 0.987 790 0.947 718 0.772 321 0.405 644 -0.320 34 -0.00 482
I 0.982 046 0.909 019 0.672 019 0.576 231 0.4523 79 0.503 141
5 I 0.990 900 0.939 467 0.711 661 0.279 448 -0.177 23 0.036 943
il 0.991 165 0.919 527 0.831574 0.465 705 -0.490 13 0.183 184
I\ 0.987 029 0.941 118 0.736 561 0.388 591 -0.409 14 -0.05 778
I 0.985 373 0.948 303 0.726 867 0.597 484 0.448 697 0.504 493
7 I 0.983 737 0.929 802 0.706 064 0.418 443 0.085 579 0.128 277
11T 0.984 210 0.929 101 0.849 638 0.593 046 -0.062 26 0.378 113
I\ 0.983 209 0.943 926 0.764 886 0.423 806 -0.442 56 -0.04 751
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Table 2 Acceleration of jujube in

fixed-frequency (Amplitude 3, 5, 7 mm)

SEONI:| R/ME

Maximum/(m's?)

Maximum/(m's)

P fE

Average/(m's?)

Coefficient of variation/%

FzS
i{zﬁ JujIlbe PRI 3 mm HRIE 5 mm #RIE 7 mm R1E 3 mm RIE 5 mm FRIFE 7 mm HRIE 3 mm FRIE S mm $RIE 7 mm RIE 3 mm JRIE S mm JRIE 7 mm
Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude Amplitude
3 mm 5 mm 7 mm 3 mm 5 mm 7 mm 3 mm 5 mm 7 mm 3 mm 5 mm 7 mm
1 5395 8810 6255 2612 3444 2481 3802.77 511731 3810.85 18.27 27.65 29.26
I 2 4775 8318 6144 1066 2852 2221 2711.85 5037.85 353723 46.02 32.72 31.36
3 3093 6762 6011 1583 1872 2480 2299.54 433292 3860 20.20 37.40 25.52
4 2596 3897 5435 1245 1 440 2574 181646 261223 3671.39 22.61 28.63 23.93
1 2126 2809 2266 416 1196 520 1177.77  1711.62 1605 46.69 25.78 28.13
m 2 1433 1755 3789 189 317 549 741.46 1075.08 1444285 55.83 33.36 57.55
3 3702 3159 4399 502 491 1510 1726.54 1806.54 2132.69 46.38 35.84 34.04
4 1516 3718 2343 260 261 714 965.15 1379.54  1636.77 38.02 61.87 27.98
1 2624 3438 8159 585 968 967 1470.23 1823 2639.92 4224 37.56 23.53
m 2 3010 5189 9458 725 594 865 1324 2780.15  3499.08 47.70 51.56 29.27
3 3725 3369 8194 852 676 829 1764.85 1828.69 2310.85 47.47 33.24 30.27
4 3074 4595 6524 445 1133 891 128438 224292 2376.15 62.32 49.08 31.11
1 1899 2812 2023 291 552 716 870.84 107846 1212.83 58.31 54.67 32.57
v 2 3276 4306 4764 779 1470 1118 215331 2881.62 2803.17 28.86 28.94 33.07
3 3495 4034 3965 947 963 1363 1961.23 247285 2917.25 46.36 38.88 24.07
4 1768 1803 2374 445 725 676 997.54 129592 1562.83 40.50 23.28 28.72
5 4 it 3) IR A IR BN 5 I Ik AT 2047

D NAPAGEH TR, @R “H——F1" 1
RARRSAEAYL, T 513 RELEIRBN L FE I [E A AR A
14.69. 17.26 Hz;

2) ABAFAF R SLIRANZ, i BRI AR 32
17 7RSS, 8 RS 25 5 A A AR I LR
AR A 12~24 Hz;

ERAF A2 2 — PO AELIRIAR 13~18 Hz, H5ELRSy
Brit S 2R IR NI A — B

4) I AHRIE N 3+ 5. 7 mm BZLRGEAT 4RI
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Simulation experiment in lab on force transfer effect of jujube under
vibration excitation

Fu Wei, Zhang Zhiyuan, Liu Yudong, Pan Junbing, Cui Jian, Ding Kai, Zhang Huiming™
(College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China)

Abstract: In recent years, jujube planting area in Xinjiang has been increasing, and jujube harvest depends entirely on manual
work that is characterized by low efficiency and high cost, which has become the bottleneck of the sustainable development of
Xinjiang jujube industry. Therefore, mechanized operation is in urgent need. In order to improve the efficiency of vibration
harvesting for fruits to reduce power consumption in excitation, the effect of force transfer in vibration harvesting was studied
based on the changes in instantaneous acceleration of fruits in vibration,. Aimed to vibration harvesting of jujube, the preset
study analyzed natural frequencies in system vibration through simplifying “branch-stalk-fruit” of jujube to a double-pendulum
vibration model firstly, and then constructed Lagrange’s double-pendulum multi-degree-of-freedom vibration equation, and the
natural vibration frequencies of the system were obtained (14.69 and 17.26 Hz respectively). Based on electrodynamic
vibration test stands, experiment of frequencies scanning was conducted for the whole jujube tree. In the resonance, with the
gradual increase of the distance to excitation source, resonance frequency increased gradually. The resonant frequency of 3 test
points in each path ranged from 12 to 24 Hz, which provided reference for constant frequency test. In order to investigate the
effect of vibration frequency and amplitude on instantaneous acceleration of each branch of the sample tree, vibration test for
constant frequency of jujube was carried out at the amplitude of 3, 5 and 7 mm, respectively, and the frequency of 12-24 Hz.
DHDAS analysis showed a correlation between vibration frequency and instantaneous acceleration of jujube. The longer the
distance to excitation source, the greater the change of instantaneous acceleration in resonance. Instantaneous acceleration
showed no obvious changes with the increase of amplitude. The bifurcation point and diameter of the tree had great influence
on the resonance amplitude; and the more the bifurcation points of the path, the smaller the change of instantaneous
acceleration. The motion of jujube under forced vibration was analyzed using 3D (three-dimensional) high-speed camera
technology to reveal the maximum instantaneous acceleration value of jujube in space. Statistical analysis demonstrated that
the maximum instantaneous inertia force of jujube was greater than the maximum breaking load of fruit stalk (6 N). With the
increase of amplitude, the maximum instantaneous acceleration of jujube increased gradually, and its variation coefficient did
not change obviously. That was, within the range of the amplitude of the sample jujube tree, the maximum acceleration value
of each jujube was relatively large and jujube was more likely to fall with the increase of amplitude. With the same amplitude
and different paths, the larger the mass of jujube, the larger the instantaneous acceleration of jujube vibration, suggesting that
large mass of jujube is correlated with easy falling in vibration. With different amplitudes and the same path, the smaller the
trunk diameter of each path of the sample tree, the larger the average value of vibration acceleration of jujube, which suggested
that trunk diameter was also one of the main factors affecting jujube vibration harvest. This study can provide a theoretical
basis and technical reference for the design of the excitation system for jujube harvest.

Keywords: vibration; mechanical properties; experiments; jujube; vibration frequency



