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Simulation and Experiment of Piezoelectric Vibration Super
Rice Precision Seeding and Unifying Device

ZHU Chengtian LIU Cailing LI Fanglin JIA Xuan CAO Mingjian WANG Yuewei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; A split and combined vibration seeding and leveling device was designed to address the
problem of poor seeding performance of the vibrating seed metering device in the super rice seedling
cultivation and sowing process that made it difficult to achieve precision seeding, and a vibration seed
leveling control method based on image recognition was proposed. The single factor discrete element
simulation analysis of the key structural parameters of the vibration plate was carried out. The results
showed that the variation coefficient of the uniformity of the vibration plate and the variation coefficient of
the supply uniformity at the exit of the vibration plate was increased with the increase of depth of box.
With the increase of angle of steering groove, the depth of the seed storage box and the angle of the
steering groove were determined to be 12 mm and 48°, respectively. A seed stream image detection and
control system was designed and built. The test of piezoelectric vibration monomer and homogenizing unit
image detection and rectification showed that when the proportion of white low pixels in the detected
image was less than 20% , after rectification, the proportion of white pixels could meet the design
requirements. The results showed that the qualified rate was not less than 93.47% and the missed rate
was not more than 1. 00% when the operating voltage was 150 ~200 V. The qualified sowing rate of the
three rice seeds was not less than 94. 17% , and the missing sowing rate was not more than 0. 67% . The
device can meet the requirements of precision sowing of super rice and had good adaptability to different
super rice seeds.
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Fig.1 Structure diagram of split and combined vibration
seeding and leveling device
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Fig.2 Schematic of piezoelectric vibration monomer

structure
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Fig.3 Single row conveying vibratory plate structure
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Fig.4 Bud seed simulation model
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Fig.5 Simulation model of single row conveying

vibratory plate
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Fig.6  Zone division during transportation stage
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Fig.7 Variation coefficient of seed uniformity in

15 regions in time dimension
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Fig.8 Variation coefficient of seed uniformity in 15

regions in spatial dimension
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Fig.9 Variation coefficient of supply mean and

uniformity at exit of vibratory plate
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Fig. 10 Variation coefficient of seed uniformity in 15

regions in time dimension
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Fig. 11 Variation coefficient of seed uniformity in 15

regions in spatial dimension
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Fig. 13 Steering groove structure and seed force diagram
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Fig. 14 Seed velocity change at each position of vibratory

plate with different steering groove angles
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supply uniformity at exit of vibratory plate
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uniformity control system
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Fig.20 Image acquisition and processing process
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Fig.22 Image detection test device
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single row conveying vibration plate
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Fig.23 Results of the first four modal analysis of

uniform seeding unit

SMEPITRARIE U S5HRIE A B95C R 24
fime WERE U SR A KRN

018 y
—— R :/
0.16 - T Ju%fél /
0.14
g
| 7
& 012y /
IS R=0.9943
0.10
0085~
0.06 : : i : : : ‘
130 140 150 160 170 180 190 200
ALV

B 24 S3F0 LI S R IR OG FR 2
Fig.24  Relationship between voltage and

amplitude of uniform seeding unit
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Tab.4 Uniform seeding unit image recognition and

rectification results

- A3
ey M 1% 5 %
i 5 EE1%
e
—
Wit 13.3
== e
——— —
1
i = = * 211
S V<l - Yo, i B - <o
P p——————
Tl
T = - acee
Wi 14.6
P—— - P e,
5 e
e
[ PR . i~
B 213
o=
s <. Sy, =y
F e - e o
—_—— ==
Wi 17.3
—— - —
i - > |
3
——————
P P
IR 20.8
e el

4 SFEEMREILRE

4.1 RWEH5RXWEIER

N HEAT R R MR S [0 7 2 4 3 R B
FEER T R AL G ik 3l 0B SRR St % R A0 D 0 e
BLANE 25 FrOR AL AR R A CHE R HL B 3 4 A
I A LA 3 A SDVC40 — S B A
P g 2% L il 2% \MEGA2560 55 #L i 5 HLA 3 A
PA930 AUEER Sk o 3 AEAR S A3 AT I 3 4 5) Fh B
I, WRAT B M H AR S0 2.3 T, A



%12 )

RARK 5 Sr RS RS20 ARG B R A S A0 T 5 i 35

P — 2 S0 TRk B Be RS A @R R L R T
20% I, B LA o R ST R 9 U L I 3 26 R 4R
1l a2 v A R T S BN 4 A o R 4

P25 A2l A ik sl 20 RS RS B 4R A ) Rl 3 i
Fig.25 Piezoelectric vibration type super rice precision
sowing and uniform planting experimental device
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Tab.5 Test results of different uniform voltages

HE U/V TR Y, /% TG R Y,/ %
150 93.47 0.83
160 94.37 1. 00
170 95.20 0. 67
180 96. 47 0.83
190 95. 67 0.67
200 94. 67 0.83
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Tab.6 Seeding adaptability test results

il i TAEHE/V BRHEHKEY /% FHEEY,/%
150 96. 67 0.67
Ll 15 170 96. 00 0.50
190 96. 17 0.67
150 95.83 0.50
I 6203 170 94.83 0.33
190 94.37 0.50
150 96. 83 0. 50
A 2108 170 95. 00 0.67
190 94. 17 0. 67
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