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Experimental Study on Physical and Mechanical Characteristics of
Sweet Potato Root

ZHAO Ping', ZHANG Hongyin', LI Benshuai’, XU Qingbing', TANG Xiaoming'

(1. College of Engineering, Shenyang Agricultural University, Shenyang 110161,China;

2. Liaoning Agricultural Development Service Cente, Shenyang 110043,China)

Abstract: Most of the mechanical equipment for sweet potato production is based on that for potato production, lacking
theoretical design and analysis basis. In order to provide relevant theoretical parameters and analysis basis for the design
and optimization of sweet potato harvesting, transportation, and sorting machinery, this study explores the physical and
mechanical properties of mature sweet potato tubers in different directions and positions, to lay a foundation for the
development of high—performance machinery. Taking the widely planted Yanshu 25 variety in Liaoning Province as the
research object, the water content and density of mature tubers were obtained, and the basic physical parameters of the
tested tubers were determined. The mechanical compression properties of the tubers in the axial, radial, and some other
directions were tested using the INSTRON 5944 electronic universal testing machine, and the trend of the breaking force
with the loading speed was obtained. The elastic modulus, Poisson’s ratio, and shear modulus of the potato pieces in
different compression directions and positions were analyzed, and the material properties of sweet potato were determined.

The results show that the water content of mature Yanshu 25 sweet potato is 79.64%, and the density is 1 028 kg-m™. The
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elastic modulus, Poisson’s ratio, and shear modulus of potato pieces in different compression directions are not significantly
different, indicating that sweet potato is an isotropic material. The elastic modulus, Poisson’s ratio, and shear modulus of
potato pieces in different positions are not significantly different, indicating that sweet potato is a homogeneous material.
The elastic modulus of sweet potato is 3.22 to 4.19 MPa, the Poisson's ratio is 0.28 to 0.40, and the shear modulus is 1.26
to 1.50 MPa. The research findings may provide foundation for the design of mechanized equipment for sweet potato
production and the establishment of subsequent simulation models.

Key words:sweet potato; physical and mechanical characteristics; compressive mechanical properties
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Figure 2 Sweet potato drying test Figure 3 Experiment on density of sweet potato
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Table 1 Average values of axial and radial compression
oy Iz B/ (mm - min™)

Constituent Loading speed E/MPa G/MPa m

10 3.69 1.35 0.37

fih i) 20 3.92 1.43 0.37
Axial direction 30 4.16 1.44 0.44
x 3.92 1.41 0.39

s 0.19 0.04 0.03

10 3.71 1.36 0.36

Vil 20 3.82 1.36 0.40
Radial direction 3,0 4.41 1.56 0.41
x 3.98 1.43 0.39

s 0.31 0.10 0.02
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Table 2 Axial and radial compression analysis of variance

LR OE R ZE 5

Test index Difference source 58 4 ms F p
E/MPa 2 8] Interblock 0.005 1 0.005 0.049 0.836
G/MPa ZH ] Interblock 0.001 1 0.001 0.076 0.796

" 2 6] Interblock 0.000 1 0.000 0.014 0.911
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Table 3 Average value of compression test of different parts of potato block

4 v i sl _ _ _
AR ML/ (om - min™!) E/MPa G/MPa m
Constituent Loading speed

10 3.69 1.37 0.35
20 4.33 1.53 0.41
e
Surface layer ?:0 4.55 1.59 0.43
x 4.19 1.50 0.40
s 0.36 0.09 0.03
10 2.86 1.16 0.23
20 3.18 1.25 0.27
by 30 3.62 1.36 033
Centre B
x 3.22 1.26 0.28
s 0.31 0.08 0.04
10 3.34 1.35 0.24
20 3.52 1.41 0.25
%MS 30 4.09 1.47 0.39
Entirety B
x 3.65 1.41 0.29
s 0.32 0.05 0.07
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Table 4 Analysis of variance

(R SE AN 5 I

Test index Difference source 58 4 ms F P
E/MPa 2} 8] Interblock 1.417 2 0.709 4.264 0.070
G/MPa 2l 1] Interblock 0.089 2 0.044 5.004 0.053

o 21 1] Interblock 0.025 2 0.013 3.366 0.105
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