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Analysis of winter jujube fruit motion in vibration harvesting
based on high-speed videos
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Abstract Winter jujube fruit (WJF) is rich in nutrition,but its harvesting is labor-intensive. Therefore, it is necessary to
study the mechanical harvesting of WJF. This study focused on the evaluation of the effect of different vibration
frequencies on fruit motion, detaching time and detachment force during mechanical WJF harvesting with a shaker. The
shaker was modified from a jigsaw by replacing its saw with a vibrating head. A high-speed camera in 750 fps was used
to capture the fruit trajectory on 15 branches excited at the frequencies of 15,20 and 25 Hz. The fruit detaching time,

motion patterns,acceleration and inertial force of fruit detaching from limbs were extracted from the high-speed videos.
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The results showed that the majority of the three identified motion patterns were tilting, column, and beam-column. The
tilting motion were accounting for 81% ,66% and 78% of all the motion patterns at 15,20 and 25 Hz, respectively. A
continuous shaker thus could be used for mechanical harvesting of WJF. Fruit detaching times were significantly affected
by the vibration frequency with fruits being fast detached at high frequencies.and their values at the three frequencies
were 1.71,0.54 and 0.43 s, respectively. The fruit detaching time at 15 Hz was significantly different from that those at
20 Hz and 25 Hz, whereas there was no significant difference in fruit detaching time between 20 Hz and 25 Hz. The
velocity and acceleration of WJF were increased with the increasing of vibration frequency,but the average inertial force
of fruit detachment changed less. The detaching force of white ripe WJF was less than that of crisp ripe WJF. In
conclusion, higher frequency generates high harvest efficiency, but when the frequency reached a certain value, the
increase of frequency had less effect on the detaching time of fruit,and frequency also has little effect on inertia force of

fruit detachment. Overall, the results indicate that 20 Hz might be the optimal vibrating frequency and it was possible to

2018 4 5 23 %

selectively harvest the crisp ripe fruit.

Keywords winter jujube fruit; vibration harvesting; high-speed video; motion pattern; fruit detachment
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Fig. 1 Sketch map of vibration position and field experiment

setup for harvesting winter jujube fruit
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Fig.2 Six common elemental motion patterns of

fruit under vibratory excitation
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Table 1 Shaking position, detaching time and weight in each frequency treatment of winter jujube fruit
Wi/ Hz &R PR & /m R H /A R PR/ g JI4, 7% B 18] /s
Frequency  Branch No.  Vibration position Fruit number Average fruit weight ~ Detachment time
1 0.68 6 20.80+4, 36 1.80+£1.62
4 0.91 7 23.70+£3.37 1.50+£0. 56
15 7 0. 39 5 29.19+4.91 1.83+0. 83
10 0.57 6 25.47+4.61 1.7840.75
13 0.73 5 23.49+3.97 1.6640.59
W {H £ 75 2% Mean= Std 0.6640.19 6+1 a 24.56+4.26 a 1.7140.18 a
2 0. 60 7 17.9442.75 0.93%40. 37
5 0.77 6 24.7243.51 0.24=+0.04
20 8 1. 14 5 25.24+3.35 0.4740.13
11 0. 94 6 20.37+3.84 0.5840.21
14 0.73 7 26.13+4.16 0.51+0.11
Y{l + 77 2 Mean= Std 0.8440.21 6+1a 22.63+4.07 a 0.54%+0.35b
3 0.7 6 24.61+4.09 0.5940.53
6 0. 94 6 22.39+4.16 0.3040.03
25 9 0.55 5 20.55+2.66 0.41=0. 04
12 0.79 7 24.79+2.81 0.46=+0.07
15 0.65 7 20.13+1.97 0.40+0.05
{8 £ 75 7% Mean= Std 0.7340.15 6+1a 22.524+2.03 a 0.4340.15b

T FIMIF TR RTE 0. 05 KF L RBEXER. TER.

Note: Same letters within same column represent not significantly different (P<C0. 05). The same bellow.
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Fig. 4 Approximate trajectory of winter

jujube fruits under vibration
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Table 2 Motion parameters of winter jujube fruits under different vibration frequencies

ROCHRE/ T
[ . RHEE, PHEE/

BORMEE/ SFEMEE/ R Rk

5% /Hz ' o (mm/s) (mm/s) (m/s?) (m/s®) WM /N WM /N
Fruit J% ] ) i )
Frequency Maximum Average Maximum Average Maximum Mean inertia
number Maturity
speed speed acceleration  acceleration  inertia force force
1-1 M 5 554. 64 160. 63 60. 82 9.63 2.07 0.31
1-2 S 884. 26 118. 27 124.51 13. 81 3.42 0.41
- 1-3 i 24 504. 09 154,72 66.01 10. 32 1.78 0.32
1-4 SE:3 619.57 108. 18 63. 82 11.11 2.24 0.41
1-5 =L 765.27 292.51 82.63 30. 54 1.91 0.73
1-6 30 525.17 216.48 65.17 25.53 1.57 0.59
642. 17+ 175.13+ 77.16+ 16. 82+ 2.17=+ 0.46+
P £+ )5 2 Mean= Std
151.45 a 69.04 a 24.43 a 8.94 a 0.66 a 0.17 a
2-1 30 861.72 366.09 112. 22 13.57 3.04 0.42
2-2 S 676. 14 337.24 58. 38 17.12 1.54 0.41
2-3 2 891. 82 316.91 95.12 20. 07 2.48 0.48
20 2-4 e 2 563.23 256.76 61. 34 15. 44 0.91 0. 24
2-5 e 24 742. 64 242.4 86.77 19. 81 1.48 0.31
2-6 SEY 970. 61 277. 48 108. 51 21.09 1.76 0.37
2-7 e 2 638.72 257.82 68. 32 18.91 1.42 0.32
763.55+ 293.53=+ 84.38+ 18. 00+ 1.80+ 0.36=+
{8 £ J5 22 Mean=Std
148.75 b 46.94 b 22.15 a 2.74 a 0.72'b 0.08 a
3-1 SES 573. 34 226.92 73.62 17.91 2.04 0.51
3-2 T 5k 450.12 205. 68 40. 11 11. 36 0. 87 0.32
. 3-3 SES 474. 49 181. 04 43.77 12.61 1. 26 0.38
3-4 e 664. 27 301.52 55.58 11.87 1.51 0.29
3-5 SE 1735.91 474,02 189. 72 32.76 4.42 0.78
3-6 =2 887.63 438. 47 90. 04 23.02 1.68 0. 39
797. 63+ 304. 61+ 82. 14+ 18. 26+ 1.96+ 0.45=+
PIH £+ 57 2% Mean= Std
486.16 b 124.68 b 55.95 a 8.41 a 1.27 b 0.18 a

25 7 B A R ) B AN R L 15,20 A 25 Hz i
SIS 2 i g F7 o3 5 O 0. 48,0, 43 1 0. 49 N,
e R S Bl A B R T s /N T AR S
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