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Fig.2 Ideal tree model of Camellia oleifera based on sympodial
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branching architecture
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a. g SR AR T AR

a. Ideal model of bifurcated basic unit

NIRRT AT
Rigid link Torsion iprmg

b. T RLAEAT T c. i RLAEFT P 3 d. BT AEAT 5L
b. Mass point located c. Equal mass point located d. Mass point located
at rod top at both ends of rods at centroid of rods

VE: LNETRKE, mm; L AOHKE, mm; 4 NFETHRE, mm; 4,8
SIEAR, mm; @y ARG ETRARA, (©).

Note: /, is the length of trunk, mm; /, is the length of branch, mm; d, is the
diameter of trunk, mm; d, is the diameter of branch, mm; ¢y is the angle between
the branch and the main axis, (°).
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Fig.4 Mass point distribution of cylinder links for bifurcated
basic unit
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b. Equal mass point displaced at both ends of rods
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Note: m, is the trunk mass, kg; m, is the branch mass, kg; 0 is the angular
displacement resulting from the free vibration of trunk rigid rod, (°); ¢ is the
angular displacement resulting from the free vibration of branch rigid rod, (°); k;
is torsional spring coefficient of trunk; k&, is torsional spring coefficient of
branch.

B5 —u5XEAEANEF R
Fig.5 Kinematic deviation of bifurcated basic unit
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Note:/,, is the length of left branch, mm; /,, is the length of right branch, mm;d,,
is the diameter of left branch, mm; d,, is the diameter of right branch, mm; « is
the angle between the branches, (°).

B 6 AR =y AR ALK T
Fig.6 Measurement for bifurcated basic unit parameters of
Camellia oleifera tree
xR HFERFZONERBRTSHNELER
Measurement result for bifurcated basic unit parameters

of Camellia oleifera tree

am dy/ L/ o L d “

Groups D 'mm /mm ,/mm ,/mm . /mm . /mm ©)
1 298.00 28.61 125.38 16.64 152.22 1843 645
2 342.00 24.08 141.29 17.00 108.97 16.96  26.5
3 93.13  13.20 59.32 9.93 58.81 10.03 287
4 194.00 19.98 115.76 12.36 154.92 15.27 43.4
5 115.89  12.55 94.31 10.09 80.99 8.18 37.6

Table 1
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Table 2 Calculation result of lateral branching ratios A

L I LA L S e T S

Groups Lateral branching ratios ~ Lateral branchlng ratios Averjﬁa:i%alue
of left branch of right branch
1 0.3383 0.4150 0.3767
2 0.498 4 0.496 1 0.4973
3 0.5659 0.5774 0.5716
4 0.3827 0.584 1 0.483 4
5 0.646 4 0.424 8 0.5356
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Table 3 Measurement results of branch density for Camellia

oleifera
415 A 5 4 B P
Groups Branch mass/g Volume changes/mL  Density/ (g-cm ™)
1 2.35 2 1.175
2 3.08 3 1.027
3 343 3 1.143
4 3.66 3 1.220
5 3.71 4 0.928
6 3.74 4 0.935
7 4.06 4 1.015
8 4.25 4 1.063
9 4.82 5 0.964
10 5.56 6 0.927
11 7.07 7 1.010
12 7.08 7 1.011
13 8.46 8 1.058
14 21.06 20 1.053
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Fig.7 Three-point bending test of Camellia oleifera branch

500 H f#Diameter d/mm

z 400 — 480 — 8.40
2 300 S--522 — 8.63
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0
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$¢J¥ Deflection/mm
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Note: When the loading is abruptly decreasing by more than 10%, the testing
process is terminated.

B 8 b RATAT WK 6 BAT-TEE W &
Fig.8 Load-deflection curves of branch bending test
for Camellia oleifera
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Table 4 Flexural elastic modulus of Camellia oleifera branch

wn MR W) BB
Groups Branch diameter/mm Maximum bending Flexura} modulus of
force /N elasticity /MPa
1 4.80 26.42 124538
2 522 51.56 1122.05
3 5.64 53.18 1208.14
4 5.82 52.82 1 149.37
5 6.14 772 1257.33
6 8.04 209.36 1291.92
7 8.40 300.3 1316.26
8 8.63 297.46 1229.92
9 8.68 278.78 1193.12
10 9.44 466.58 999.19
11 9.50 419.8 1 064.30
12 9.62 430.28 1 130.62
S A b
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Table 5 Theoretical results of first-order natural frequency for

trunk
—Br AR IR (E
/ Theoretical results of first-order natural frequency / Hz
(0;) AR T JB s A T R AERE BT

Mass point located Mass point located at both  Mass point located at

at rod top ends of rods centroid of rods
30 21.350 27.238 32.882
35 21.396 27.286 32.924
40 21.449 27.341 32.972
45 21.509 27.403 33.027
50 21.576 27.472 33.088
55 21.651 27.550 33.155
60 21.734 27.635 33.229
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b. First-order mode
B9 iR LA AR RAEE G — iR A
Fig.9 Finite element model and first-order mode of bifurcated
basic unit for Camellia oleifera
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Table 6 Simulation results of first-order natural frequency
a/(°) 30 35 40 45 50 55 60

Natural frequency/Hz

2530 2536 2541 2553 25.63 2573 25.86
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1, =194.00 mm, d, = 19.98 mm, 145 # K & 5 H %
L, =148.60 mm, d, = 14.13 mm D\ [z 3% 61— i S Ze4f B A
AT (25), KRB a, fH, W& 7.
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Table 7 Calculation results of coefficient a,

— B AR A
First-order simulation 25.30 25.36 25.41 2553 25.63 25.73 25.86

frequency/Hz
% 1450 1.448 1451 1445 1443 1441 1.438
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Empirical formula for the natural frequency of Camellia oleifera trunk
using allometric growth

ZHANG Shiyi' , TANG Lewei?* , WU Mingliang*? , LI Zhengchao' , ZHANG Huiyu®

(1. College of Mechanical and Electrical Engineering, Hunan Agricultural University, Changsha 410128, China; 2. Specialty Oil Crop
(Camellia oleifera) Full Mechanization Research Center, Changsha 410128, China))

Abstract: Camellia oleifera can significantly guarantee food safety in the edible oil industry. The manual harvesting of
Camellia oleifera has greatly restricted the full mechanization of the Camellia oleifera industry. Vibratory mechanized
harvesting has been adopted with the high harvesting efficiency of Camellia oleifera fruit. Existing studies have also proved
that the vibratory picking frequency can directly dominate the detachment of forest fruits. There is a high demand to establish
the dynamics model of the Camellia oleifera tree, in order to calculate the trunk's natural frequency. In this study, an ideal
fractal tree model was investigated for the Camellia oleifera, according to the sympodial branching and allometric growth. The
bifurcated basic unit was extracted from the fractal tree model. Three dynamics models were then deduced with the point
masses at different locations using the classic mass-spring analysis. Consequently, the theoretical expressions of the first-order
natural frequency were derived for three dynamics models. Taking Camellia oleifera (variety: Huaxin) in Hunan Province as an
application example, the lateral branching ratio and the slenderness coefficient were identified to measure the morphological
parameters of the tree. Subsequently, the branch density and flexural elastic modulus were measured by water immersion and a
three-point bending test. The theoretical values of the first-order natural frequency were calculated for the bifurcated basic unit
with different branching angles, in order to substitute the identified tree parameters. Then, a finite element simulation model of
the bifurcated basic unit for Camellia oleifera was constructed to simulate the natural frequency. Compared with the simulated
and theoretical frequency value, the dynamics model with point mass equally distributed at both rod ends was the closest to the
simulated model, with an average error of 7.3%. Finally, the mathematical formula was obtained with the first-order natural
frequency of the cantilever beam with point mass at the rod top. An empirical calculation formula was derived for the
bifurcated basic unit using parameter identification. The smallest error was found between the theoretical natural frequency
from the empirical formula and the simulated value, with a maximum error of 0.41%. The validity and accuracy of the
empirical formula were verified. The finding can provide the theoretical guidelines to optimize the vibration parameters of fruit
harvesting machines for Camellia oleifera.

Keywords: frequency; vibration; Camellia oleifera; allometric growth law; empirical formula; bifurcated basic unit


https://doi.org/10.1016/j.mechmachtheory.2021.104347
https://doi.org/10.1016/j.mechmachtheory.2021.104347

	0 引　言
	1 油茶理想分形树体模型
	1.1 分枝方式
	1.2 异速生长法则
	1.3 理想分形树体生成算法

	2 油茶理想树体动力学建模
	2.1 质点在刚性杆顶端
	2.2 质点在刚性杆两端
	2.3 质点在刚性杆质心

	3 油茶树参数测量
	3.1 试验材料与工具
	3.2 测定方法与数据
	3.3 油茶树参数辨识
	3.3.1面积缩减系数<i>λ</i>
	3.3.2异速生长系数<i>β</i>
	3.3.3分枝夹角<i>α</i>
	3.3.4油茶树枝密度<i>ρ</i>
	3.3.5油茶树体弹性模量<i>E</i>


	4 自然频率理论计算与仿真分析
	4.1 自然频率理论计算
	4.2 自然频率仿真分析

	5 油茶树体自然频率经验公式
	5.1 经验公式推导
	5.2 经验公式验证
	5.2.1 分枝夹角对一阶自然频率的影响
	5.2.2 主干长度对一阶自然频率的影响
	5.2.3 主干直径对一阶自然频率的影响


	6 油茶树二分叉基本单元振动试验
	7 结　论
	参考文献

