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Modeling and Experiment on Mechanical Properties of Barley Grain
Based on 3D Laser Scanning

PENG Fei' FANG Fang® WANG Hongying’
(1. School of Materials Science and Mechanical Engineering, Beijing Technology and Business University, Beijing 100048, China
2. College of Chemistry and Energy, Zhengzhou University, Zhengzhou 450001, China
3. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to explore the mechanical properties of barley grain in the operation process of
harvesting, threshing, storage, transportation and so on, the compression experiment and finite element
simulation method ( FEM ) of barley grain were carried out. At present, the conventional modeling
method of irregular shape agricultural material was simplified into regular body to deal with. Because of
the difference between barley grain and simulation model in size and surface shape, the actual physical
parameters of barley grain were not suitable for the finite element model which was approximately treated ,
thus existing a few problems, such as more sample consumption and cumbersome measurement. Five wet
basis moisture content (7.94% , 11.02% , 14.29% , 16. 85% and 20.37% ) and three kinds of loading
directions ( horizontal, width and vertical directions) of barley grain were selected as test materials.
Mechanical parameters like and different forms of damage, rupture strength, elastic modulus and
compression work of barley grain were measured by universal materials tester. The compression tests
results showed that under these conditions the elastic modulus of barley grain was 87.39 ~167. 84 MPa,
the rupture strength of barley grain was 70. 40 ~157. 32 N, the yield strength of barley grain was 0. 85 ~
2.12 MPa, and the maximum strain of barley grain was 0.26% ~1.15% . The results showed that the
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elastic modulus, rupture strength and yield strength of barley grain were descended obviously with the
increase of moisture content. The rupture strength in width direction was the maximum and in vertical
direction was the minimum under the condition of the same moisture content. The elastic modulus in
horizontal direction was bigger than that in vertical direction. Then the three-dimensional finite element
model of barley grain was built based on 3D laser scanning technology, point clouds of barley grain were
acquired by the software Geomagic Studio which were processed by cloud processing and reverse modeling
techniques to get high quality point clouds, thus a geometric model highly similar to the real barley grain
was obtained. And mechanical analogue simulation was performed based on the geometric model. The
compression test results and finite element solutions were compared, and the maximal difference was
7.2% , which showed that the modeling method of barley grain based on 3D laser scanning technology
was effective and accurate. The modeling method of barley grain provided a new technology to improve
the accuracy of the irregular agricultural material model and reduce the simulation error. Meanwhile, the
mechanics parameters and the rules of barley grain could provide reference for its utilization and

optimization of related processing machinery.

Key words: barley grain; 3D laser scanning; finite element; mechanical modeling
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Fig. 1 Morphology of barley grain and its determination
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Fig.2 Schematic and compression types of barley grain
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Tab.1 Compression test results of barley grain

mE Ak EMERTRE, R WerE e ARSR
I % MPa N/ % /N MPa
7.94  167.84 0. 88 150. 36 1.62
11.02  141.51 0. 96 110. 41 1.27
R 1429 128.37 0.75 98.39 1.13
16.85  124.44 1.15 92. 65 0.94
20.37  116.95 0.92 72.18 0.85
7.94  152.96 0.95 157.32 2.12
11.02  135.08 0.90 122.51 1.95
i 14.29  130.07 1.15 115.76 1.63
16.85  102.25 0. 90 95.27 1.47
20.37  94.04 0.26 84.18 1.18
7.94  142.49 0.95 146. 58 1.92
11.02  123.54 1.12 105.21 1.86
SERC 1429 116.13 1.06 102. 58 1.53
16.85  100.11 0.75 85.62 1.45
20.37  87.39 0.73 70. 40 1.27

1.2.2 HPHEXM 2SN

FIH SPSS Bdfi Ge i B xR 22 ) 2 S 0l
GERAETr 22500 R e R AR H D s B I 67
B RO i R 5 B T TR S 2 s ORI



F1H

KA ST S EBOCH I B R PR S R 345

KR el AR 2 s,
£2 AEFFRMBHZERFEN

Tab.2 Variance analysis of barley grain loading
mechanical results
kiR BEASE PO HlE B F P
PPEREEE 1211.224 2 605.612  20.292 0.001
| WEREfER 456.296 2 228.148  20.949 0.001
Mﬁbﬁ%jﬁﬂ?&“ 0. 030 2 0.015  0.304 0.746
JEIRERE 0. 765 2 0.383  58.539 0.001
WP 5530.900 4 1382.725 46.331 0.001
4
4
4

WiFE R 9 733. 206 2433.302 223.428 0.001
BRI 0.262 0.065 1.311 0.344
JEARBREE 1185 0.296  45.329 0.001
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Fig.3 Modeling process of 3D model of barley grain
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Fig.4 3D Pro/E model of barley grain
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Fig.5 Stress distribution maps of barley grain at different loading types
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