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Monitoring of Multi-point Synchronous Vibration Parameters and
Dropping Conditions of Walnuts Based on Electronic Fruit Technology

JIA Na BO Jiacheng ZHANG Hangyu LIU Jiuqing
(School of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract: An electronic fruit system specifically designed for walnuts, integrating multi-point vibration
parameter collection with simulated fruit abscission functions was developed to investigate the conditions
under which walnuts detached from the tree. The development process involved creating a dynamic model
that described the interaction between walnuts and the tree, establishing criteria for walnut abscission,
and designing a device along with an indoor experimental platform to test the system’s capabilities. The
reliability and functionality of the system were confirmed through indoor experiments, which demonstrated
its effectiveness in accurately collecting and analyzing vibration data from walnuts. Subsequent outdoor
field tests were conducted to evaluate the system’s performance in a real-world setting. During these tests,
the electronic fruit system collected synchronized multi-point vibration data, providing insights into the
dynamics of walnut detachment. The data analysis revealed that during vibration-assisted harvesting,
walnuts predominantly experienced normal vibrations, with the normal force exerted on the walnuts being
the primary factor leading to their detachment from the tree. The system’s integration of multi-point
synchronous measurement and simulated abscission functionality offered significant advantages for
studying walnut drop conditions. Moreover, this technology showed promise for application in automated
harvesting of other crops, potentially revolutionizing agricultural practices by enhancing efficiency and
effectiveness in crop management. By providing detailed and actionable data, the electronic fruit system
not only advanced understanding of walnut abscission but also contributed to the broader goal of improving
harvesting techniques and practices across various agricultural sectors, making it a valuable tool with
extensive future applications in the industry.

Key words: electronic fruit system; walnut harvesting; detachment force; multi-point synchronous

analysis

Wk H 1. 2024 —05—10 & E H#: 2024 —07 — 15

ES&WE: BRELAUEITRA (2022YFD2202105 - 1)

EEB N BUR(1975—) , L, BB 11, 32 22 bl 3 BE SR A 26 & B 9T, E-mail ; jiana@ nefu. edu. cn
BEMEE: MUK (1971—) 5 802, 101, 2 MO BE R 2 & WS, E-mail : nefujdljq@ 163. com



216 £k

1R S S 74

2024 4

0 3]

R A g 42 3R A i 25 % rh B LA 8 B bk R A
Wy 76 1 2 e At A5 Ak 2 A A D 1 T
it Y 2021 4 R E AL BT R IAF] 5. 403 5 x
10° 17 B 77 4k iR 3 K, Al SR 5 4 L 4
V1 IR HEARZ BRI R R R B T — A T AU
TEBACA b, HUBR AL SR F3 1 R 10 % J X 4 s AR
PR RO RCR B TN X A M A IR A
Wy, R PR 30 SR A0 4R BB 35 725 e 0 2k 2R ek 2
PFEh i R T B YR B R A A A T
B A A5G 045 R O 0 B, R SR ST, A
T Sz BALAR AL Rl T o X7 B AR AL AT LA 3
PR A T R, A Bl T U6 A AR S 7 SR A AR P i 4
i, A5 0F R 52 5

SR, BRA IR 3 SR f3 B AR T I 185 2 PR A, 4 1 S
TEVR S B0 B kA s W i . H G,
SRR WA SR 478 v T 22 1 ) 2 2 £ S g A 4B
Sz BT A AL TR S LA I 4 3 xS S B 5
gt S e v T R SR A 0L L S S B ) B
BEPE I E SR et R o S I 26 B0, BT A AR R 3h
SR A0 B RTZ AR R REHEAT 2 BRI
VR DR S 14 1 9K B0 9 o R B R T G AR K B
b SR 458 v B R

YT e, A ST S — Flo AL E T AR v
TRELAL, WiT% R 5 RA M54R3 R4 i
Tt rp L S 1038 B, E— AL R R A i, 1
SR AR AL WD SRS A, DT 4 T 2 AR Al B
TN FERaE , WA M B A 25 (0P 58 9 WL R L SR ik
Fe AR BT AR BT Y K8 7 1

1 BFRIRAZFEITKE

IREIAN 1S R TN o -l W N [ R A O e L
N7 K s 7 LA 75 T A A — SR S R e Bl 2R AR
BT A, oy B ik 32 10 4k sh i B i 2 OB L i
SE e B W) 3 e R L R W A B G s
SR o X S (S (R A B A AL L TR S R BRI
& h5
1.1 BB LRz hssa

TE B J1 243 v, 25 18 3 A kR S SR e, H
5 W 3 S 220, DR U o R S R TG A SR S R AT
BRI R, LRSS R A A E R A O
RSN AR R o MR R Z R BRSO #2 5) F)
BOLE O, HEF,E SCRSER R A 0 RS
JR AR, REFOASE 0 ERSBEN
e 0o RIS, & Xy, WRIAE Y F iz,

il

NRGAE Z T5 0 A%

1 RGesh )y

Fig. 1 Dynamic model of system
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Fig.8 Acceleration — time curve of fruit shedding experiment
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