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Fig.1 Composition of high-speed air-assisted centralized seed
metering system for rice
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Fig.2 Schematic diagram of the working process for rice high-
speed air-assisted centralized seed metering system
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Note: P is the contact pressure, N; R, and R, are the curvature radii of the two contact objects, mm; E, and E, are the elastic moduli of the two contact objects, Pa; x4, and

14, are the Poisson's ratios of the two contact objects.
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Fig.3 Schematic diagram of contact between rice seeds and different structures of air-assisted centralized seed metering device
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Table 1 Comparison of single compression test results for
different kind of rice seeds
Wi H Item WA 24k 737
s
Seed moisture content/% 10.16 10.03
Ty e
Seed highness/mm 1.92+0.11 2.18+0.17
WRE L4 73
Compression force at breaking/N 118.4+35.6 113.2+39.9
WRE AL
Deformation at breaking/mm 0.59+0.07 0.63+0.11
BRI Y IE FOR A R 0.40 0.44
Elastic-plastic mean critical deformation /mm : .
I S R T
Critical deformation/Seed highness/% 2108179 22.13+3.83
A Ak 3072349 30.175.40

Breaking deformation/Seed highness/%
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Compression displacement 6/mm
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A8, mm
Note: d; is the critical deformation value for elastic-plastic deformation of rice
seeds,mm; d, is the deformation value at which rice seeds fracture, mm.
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Fig.8 Comparison of single compression P-J curve of rice seeds
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Note: 7 is the number of compressions; W is the seed width, mm; L is the seed
length, mm; P, is the critical compressive force for damage generated to rice
seeds, N; Ey, E,, E,, E, ,E, are the elastic moduli of the seed after 0, 1, 2, n-1,
and n compressions, respectively, Pa; D, D,, D, are the damage variables of the
seed after 1, 2, and n compressions, respectively.
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Fig.9 Changes in the damage process of rice seed under multiple
mechanical compression
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Damage patterns and germination experiments of rice seeds using
high-speed air-assisted centralized seed metering device

LI Xiaoran , LIAO Qingxi™ , DU Wenbin , LIU Zhibo , WANG Xiaodong , LIAO Yitao , YUAN Jiacheng

(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: Multiple compression and impact of the air-assisted centralized seed metering device on rice seeds during high-speed
sowing (= 12km/h) can easily lead to seed damage and adversely affects the emergence rate. This study aims to explore the
damage of rice seeds under single and multiple mechanical compression in the air-assisted centralized seed metering device,
according to the damage accumulation theory. The fitting equations of seed impact damage and compression were clarified to
determine the matching range of stirring speed and the conveying airflow parameters during high-speed seeding. A systematic
analysis was also implemented to explore where the seed was damaged under the repeated compression by the seed mixing
device during high-speed seeding. The multiple impacts of airflow were evaluated during transportation and distribution in the
air-assisted centralized seed metering device. The single compression test was carried out on the hybrid rice and conventional
rice varieties. An elastic-plastic model was constructed suitable for rice seeds, in order to determine the critical value of elastic-
plastic deformation. The multiple equal displacement compression tests were then carried out to determine the process of
damage to rice seeds under multiple compressions. The critical deformation of rice seeds was determined and verified to
combine with the seed germination rate test under multiple compressions. According to the conservation of energy, the critical
speed was constructed at which the rice seeds were compressed and damaged by the stirring device. The fitting equation of
impact damage and compression was combined to analyze the speed of seed airflow impact damage. The results showed that
the crushing forces of conventional and hybrid rice seeds under single compression were (118.4+35.6) N and (113.2439.9) N,
respectively, the deformation during crushing was (0.594+0.07) mm and (0.6340.11) mm, respectively, and the average critical
deformation of elastic plasticity was 0.4 and 0.44 mm, respectively. In multiple compression tests, the maximum compression
force of the seeds remained consistent, when the compression distance was less than the elastic-plastic average critical
deformation; Once the compression distance was greater than the critical elastoplastic deformation, the maximum compressive
force on the seed decreased gradually. Verification tests were also performed on the rice seeds germination rate. There was the
a 0.44 mm critical deformation of hybrid rice seeds that caused damage. When the deformation of compressed seeds was less
than 0.44 mm, there was no significant difference in the germination rate between compressed and uncompressed seeds after
multiple compressions; When the compression deformation of the seeds was greater than 0.44 mm, the germination rate of rice
seeds decreased after multiple cycles of compression. Therefore, the deformation of rice seeds after being loaded should be
avoided to be greater than 0.44 mm. After that, the rotation speed range of the stirring device should be lower than 125 r/min
and the seed transport speed should be lower than 8.5 m/s, in order to reduce the compression and impact damage of the air-
assisted centralized seed metering device on rice seeds. This finding can provide a theoretical basis and parameter range to
match the operating parameters during rice high-speed sowing.

Keywords: agricultural machinery; rice; compression characteristics; elastic-plastic model; high-speed air-assisted centralized
seed metering device; parameter matching
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