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Fig.1 Schematic diagram of lotus seedpod
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Table 1 Test factor for shear characteristics of lotus seed -

pod surface

K A B ChnHE/

Level Maturity Loading method (mm/mm)
Loading speed
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Table 2 Test factors for tensile properties

of lotus seedpod tissue
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Loading speed
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Table 3 Dimensions parameters of lotus seedpod

P HAR/mm ¥ 5 /mm HAESERILE R /mm
Canopy diameter Lotus canopy height Diameter-to-height ratio Lotus seed aperture
Maturity g R g PR g BERE Gy BER

) Standard ) Standard ) Standard ) Standard
Average . Average L Average . Average L

deviation deviation deviation deviation
FLJY Milky-ripe stage 85.51 6.13 53.33 3.39 1.61 0.13 8.12 0.60
%238 Dough stage 88.47 5.26 52.19 3.83 1.70 0.16 10.49 0.64
e Full-ripe stage 98.66 8.07 52.90 5.48 1.87 0.27 12.01 0.65
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Fig.4 Results of single factor test on epidermal shear of lotus seedpod
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Table 4 Design and results of orthogonal experiment of

epidermal shear characteristics of lotus seedpod

o e BT T 5
number Maturity method Loading speed  Shearing force
1 1 1 1 5.48
2 1 2 2 13.33
3 1 2 3 14.59
4 2 1 2 6.14
5 2 2 3 11.87
6 2 2 1 12.28
7 3 1 3 9.45
8 3 2 1 16.28
9 3 2 2 21.93
kb 9.79 7.02 13.74
k, 8.76 15.05 16.19
kg 14.55 — 14.36
R 5.79 8.02 2.45
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Table 5 Variance analysis of orthogonal experiment of

epidermal shear characteristics of lotus seedpod

MZForm HbE

{5 Source Il square  Degreesof F i% fi
Significance
sum freedom
A BAJE Maturity 57.25 2 7.23
Bﬁﬂ%ﬁ)‘iﬁ 128.76 1 32.54 *
Loading method
IR S
Ok i 9.72 2 1.23
Loading speed
1522 Inaccuracies 11.87 3
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Fig.5 Results of tensile single factor test of fiber tissue
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Table 6 Design and results of orthogonal experiment

of epidermis tensile of lotus seedpod

B . e I
e T
number Maturity method Loading speed Shearing

force

1 1 1 1 7.83

2 1 2 2 13.76

3 1 2 3 15.47

4 2 1 2 5.89

5 2 2 3 16.43

6 2 2 1 18.83

7 3 1 3 7.31

8 3 2 1 34.96

9 3 2 2 37.37
K, 9.72 7.01 17.91
K, 11.08 22.80 16.38
K, 23.91 — 10.43

R 14.19 15.79 7.48
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Table 7 Variance analysis of orthogonal experiment of

epidermis tensile of lotus seedpod

N I3 nEM
. Wy mE o B
KU Source Degrees of F Signifi-
]]] square sum
freedom cance
A JREJE Maturity 367.77 2 5.95
Bim#kr st
ST 498.99 1 16.15 *
Loading method
Ok
C IR 93.55 2 151
Loading speed
1522 Inaccuracies 92.67 3
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Fig.7 Result of single factor test of canopy puncture
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Fig.8 Results of single factor test of epidermis puncture
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Fig.9 Load displacement curve of epidermal
failure with different loading method
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Mechanical properties of tissues in lotus seedpods
with different maturity

WANG Hongchang'*, DU Dizhuang', PAN Rui', REN Zexu',ZHANG Guozhong'?,ZENG Rong'*

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River, Ministry of
Agriculture and Rural Affairs, Wuhan 430070, China

Abstract The space lotus was used to study the appropriate method of breaking and threshing fresh
lotus seedpods to achieve the mechanized threshing of lotus seedpods with high efficiency and low damage.
The content of moisture, the characteristics of appearance, and mechanical properties of lotus seedpods
with different maturity were studied, with a focus on the failure patterns of tissues in lotus seedpods under
three modes of loading including shear, tension, and puncture. The results showed that the content of mois-
ture in lotus seedpods was the highest in seeds and the lowest in epidermis. The content of moisture in epi-
dermis significantly decreased with the decrease of the content of moisture in lotus seedpods. The shear and
tensile properties of epidermis in the lotus seedpods were obviously anisotropic, and the mode of loading
significantly affected the rupture force of shear and tension. The rupture force of transverse shear and axial
tension in the epidermis of lotus seedpods gradually increased with the increase of maturity , increasing from
13.32 to 21.91 N and 13.70 to 37.38 N, respectively. There was no significant change in the rupture force
of longitudinal shear and transverse tension. The speed of loading had no significant effect on the rupture
force of shear and tension in the epidermis. The average rupture force of tension in fiber tissues of lotus
seedpods was larger at the stage of ripening, approximately 17.19 N. There was no significant difference in
the average tensile strength between the stage of milk ripening and the stage of wax ripening, and the speed
of loading had no significant effect on the tensile strength of the fiber tissues. Epidermal puncture damage of
lotus seedpod was not affected by epidermal anisotropy. The rupture force of puncture in lotus seedpod de-
creased gradually with the increase of maturity, while the rupture force of epidermal puncture increased
gradually. The rupture force of surface puncture and epidermal puncture increased with the increase of the
diameter of the probe, with the maximum value of 21.60, 32.05, and 39.25 N, respectively. The effect of
epidermal loading on the rupture force was in the decreasing order of mode of loading >>maturity™> speed
of loading. It is indicated that the puncture loading was used first to destroy the lotus seedpod to achieve the
damage with less destructive power, and then the tensile cracking force was used to achieve the efficient
tearing of the lotus seed. It will provide theoretical basis for designing machines of peeling and threshing the
fresh lotus seedpods.

Keywords lotus seedpods; mechanical properties; maturity ; loading method ; loading speed
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