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Analysis and Experiment on Dynamic Mechanism of Low Damage
Harvesting of Brassica campestris L. ssp. chinensis var. communis

WANG Weijing'>  ZHAO Bo'?> BAI Shenghe'> YUAN Yanwei'? ZHOU Liming'?> LU Chengxu'?
ZHANG Weipeng'? AN Ran'?  WANG Yingfeng’
(1. Chinese Academy of Agricultural Mechanization Sciences Group Co. , Lid. , Beijing 100083, China
2. State Key Laboratory of Agricultural Equipment Technology, Beijing 100083, China
3. Zhongke Tengsen ( Shandong) Intelligent Equipment Co. , Ltd. , Weifang 262100, China)

Abstract: Due to the time-consuming and labor-intensive nature of manual harvesting of leafy vegetables,
coupled with insufficient research into the interaction mechanisms between harvesting machinery and
vegetables, leading to high plant damage rates caused by the incompatibility of operating parameters in
machinery, taking the subterranean-root-cutting crop, Brassica campestris L. ssp. chinensis var.
communis, as the research subject, a multi-body coupled motion model for soil — root — cutter interaction
and a clamping damage model were established. The dynamic mechanism of plant cutting, clamping, and
collection processes was analyzed, revealing that the primary factors influencing the damage rate were the
cutter swing frequency, the inclination angle of the clamping conveyor belt, and the ratio of clamping
conveyor speed to forward speed. Using discrete element simulation analysis, a soil — root — cutter
aggregate model was established, determining the optimal cutter frequency range to be 4 ~22 Hz. Based
on standard and improved parameters, single-factor and three-factor three-level orthogonal optimization
experiments were conducted with cutting frequency, clamping conveyor belt inclination angle, and the
ratio of clamping conveyor speed to forward speed as experimental factors, and the leafy vegetable damage
rate as the experimental indicator. The optimal parameter combination was determined to be a cutting

frequency of 7 Hz, a clamping conveyor belt inclination angle of 18°, and a clamping conveyor speed to
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forward speed ratio of 2.1. The average damage rate in field trials with this optimal parameter

combination was 2. 12% . The research result can provide a basis for selecting working parameters and a

theoretical foundation for the research and development of low-damage harvesting technology for leafy

vegetables.

Key words: multi-body coupling; discrete element; clamping-collection damage; dynamic mechanism;

Brassica campesiris L. ssp. chinensis var. communis
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Tab.1 Physical parameters for simulation tests
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Fig. 11 Brassica campestris L. ssp. chinensis var.

communis model
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SES
i it L e R A A SR TS
Hz s (°) T 2t 7 S
1 10 22 2.4
0 7 18 2.2
-1 4 14 2.0

R ] Design-Expert £ % 358 56 %04 #E47 —
WA 5 Z o0 MR LG IE 38R 50 22 53 B 45
BANFE 4 PR

MFR 4 AT RN BRI SRR B P <0. 01, g &R
BORHN0.9947 B4 P>0.01, A R, A,
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Tab.3 Results of orthogonal test of improved parameters

of factors on damage rate of leafy vegetables

SES

P 15 %/ %
A B C
1 -1 -1 0 2.46
2 1 -1 0 2.43
3 -1 1 0 2.41
4 1 1 0 2.29
5 -1 0 -1 2.34
6 1 0 -1 2.25
7 -1 0 1 2.60
8 1 0 1 2.51
9 0 -1 -1 2.22
10 0 1 -1 2.18
11 0 -1 1 2.54
12 0 1 1 2.34
13 0 0 0 2.12
14 0 0 0 2. 14
15 0 0 0 2.10
16 0 0 0 2.09
17 0 0 0 2.13
x4 BAFESW
Tab.4 Regression ANOVA
B 7 ¥ 5 F p
LAY 0.441 4 0.0490 146. 40 <0.000 1
A 0.013 6 0.013 6 40. 63 0. 000 4 **
0.023 1 0.023 1 68. 99 <0.000 1 *
c 0.1250 0.1250 373.13  <0.0001*
AB 0. 002 0 0. 0020 6. 04 0.0436"
AC 0. 000 0 0. 000 0 0. 00 1. 000 0
BC 0. 006 4 0. 006 4 19.10 0.003 3
A? 0.1572 0.1572 469.39  <0.0001**
B? 0.0328 0.0328 97. 89 <0.000 1"
c? 0.056 4 0.056 4 168.40  <0.000 1"
H2 3 I 0. 000 6 0. 000 2 0.4845 0.7110
aliif 2% 0.001 7 0. 000 4
R? 0.994 7

Hyowe KRB EF(P<0.01); « £/REE.01<P<0.05),

KEWMRK A € B A, 2 LA I 4 X 2R (R B 55 A2 A

ZEEAE T, Sk B R 2R e 25 SR A 1 S B . AN

2 0 3¢ EHAR IS AP 5 K B EE T A SR 2255,
I A ) A4 1 6 PR 3R 0T iS4 1 R 1 RT U Oy Ry
W=2.12 -0.0414 - 0. 054B +0. 125C -

0.0234B - 0. 040BC +0. 1934° +

0.088B% +0.116C° (43)
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