201941 H Z?ikmmk%ﬁ $50% 51

doi:10. 6041/j. issn. 1000-1298.2019. 01. 008
tEwABERREV/NER/REHMF T IIAE

AwH B oA W A £ ¥ RER KEH

(P E L R 2R AR AT TR L ALY R A FAR T S LH 2, LA 100083)

ot

FE . NP /N R B A HERp S HE R 8 S PR 25 D, 45 B /N S HEPP AR 42— b ) B s R A = 5E
N RE RHERN S R TAT NS AR 35T AT IR FRECEL . X OGS HGHAT T 3RS 407, i@ i EDEM 25
FROCHR A 58 BT 2 JEE B R T AR KT BE B8 AR AT BT 2 s IR A4 5 AR AT A o0 88 P AR M0 XoF S8 P B2 Tl 114
PRI, AE IR 1 DA e WA T i o 22 T 0 0 A e v R o R A 8 R i PR 3 AT T 2ot ik el
VAT 1E 22 20 &30 I H Design-Expert 8. 0. 6 X iR B0 E R 2E17 74T , 15 2 RSB RN A R TR ARS8 G R
BHAE T 5 T B 8 P O/ MR 6 IR B o 2 V5 B 8 5 A e o B R HE R 0 7 il HE R A0 7 i 5 5 R
(B 3Z HAE N AT 2240 5 5 0 G ks 20 5 1 pR R B/ MU S P J2 VB2 8 0 0 A 3 B B HE RIS e RIS AR A e,
T REIABAIET 2 His S5k, 45 R0 HEFh 42 5658 R 23. 05 v/min B3 MR BE Ky 7. 00 mm  Fift 2 52 38 97 45 A
Hm S 25,00 mm B, S48 35K 98.59%  XTIZMMALSEA G T BHERP AR AT FR R0 BE FHERN M g & 200, 45
SRR AR N 98. 01% , IR IIFLE R 5 05 HAL A RAWI A S0 UE T 0 B LA 2 SR 0T S84 | G HERP 2%
4 AT FERN A% RS S REN R 1. 20% , SEHTAE 24T A48 53 R A HEFD B 46 560 90. 03% AT A HEF G g R A8
SEREHCN1.50% AT R R BGAE] 16. 54% , HERERER] BAL T % HAME S HERN S

KA /NE TSI ; ATIFLHERS ; BEoTk

FESES, $223.2 XHkERIRED . A XEHE 1000-1298(2019)01-0075-10

Design and Test of Wide Seedling Strip Wheat Precision
Hook-hole Type Seed-metering Device

LIU Cailing WEI Dan DU Xin JIANG Meng SONG Jiannong ZHANG Fuyin
(Key Laboratory of Soil — Machine — Plant System Technology, Ministry of Agriculture and Rural Affairs,
China Agricultural University, Beijing 100083, China)

Abstract; In order to solve the problem of poor uniformity of wheat precision seed metering device used
in wide seedling strip, combined with wheat precision seeding technology, a kind of hook-hole type wheat
precision seed metering device used in wide seedling strip was proposed to ensure uniform distribution of
seeds in rows, and the seeds in rows were not scattered. The design and theoretical analysis of key
parameters were carried out. Single factor test on the effects of the horizontal distance of the seed-layer
thickness adjusting plate, the arrangement of the hole, the number of hole, the inclination angle of the
hole and the inclination angle of the bottom plate in seed box on seed-filling performance were studied by
EDEM discrete element software, and then the parameters were determined. On this basis, the multiple
quadratic regression rotation orthogonal combination test was carried out with the rotation speed of the
type-hole wheel, the vertical height of the seed-layer thickness adjusting plate and the length of the hole,
and then the test data was analyzed by Design-Expert 8. 0.6 software. The regression model and the
influence of factors on the index were obtained. The influence relation of factors on the single rate was
determined and the order of importance was the length of hole, the vertical height of the seed-layer
thickness adjusting plate and the rotation speed of the cell-type wheel in turn. Interaction between the
length of cell and the rotation speed of the cell-type wheel can not be ignored. The order of importance to
the qualified rate was the vertical height of the seed-layer thickness adjusting plate, the rotation speed of
the cell-type wheel and the length of hole in turn. Based on the regression model, the parameters were
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optimized. The optimization results of the target parameters showed that when the rotation speed of the
cell-type wheel was 23. 05 r/min, the length of the hole was 7. 00 mm, and the vertical height of the
thickness adjusting plate was 25. 00 mm, and then the qualified rate was 98.59% . The seed metering
device under the optimized parameter combination was tested for seed-filling performance and seed-
metering performance. The results showed that the qualified seed-filling rate was 98.01% , and the
relative error between the test verification result and the simulation optimization result agreed well. The
reliability of the simulation optimization result was verified. The variation coefficient of the seed-filling
qualified rate among the four rows of seeders was only 1.20% , and the variation coefficient among the
rows of the wide strip was small; the qualified seed-metering rate was 90. 03% , coefficient of variation of
the seed-filling qualified rate between rows was 1. 50% , coefficient of variation of uniformity in a row was
16. 54% . The performance of seed metering was much better than that of existing common grooved seed-
metering device. The wheat precision seed metering device of hook-type-hole solved the problem of non-
uniform distribution of random scattered distribution in outer groove wheel seed metering device used in
wide seedling strip. The research results provided a reference for the design of the wheat precision seeder
used in wide seedling strip.

Key words: wheat; wide seedling strip; hook-hole type seed-metering device; discrete element method
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Fig.2 Diagram of hole parameters and angle
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Tab.1 Simulation results of horizontal distance

of regulating plate %
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Fig.6 Variation curves of average normal force between

seeds and seeding wheels at different horizontal distances
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Tab.2 Simulation results of three-type arrangement
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Fig.8 Variation curves of average normal force between

seeds and seeding wheels at different types arrangement
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Tab.3 Simulation results of different numbers of holes
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Fig.9 Variation curves of average normal force between

seeds and seeding wheels at different numbers of holes
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P S
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-1.414 9.82 0. 86 6.09
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1.414 45.18 29. 14 8.91
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Tab.5 Quadratic regression rotary experiment

design and results

o K% iR oRR AR
EiA
Z, Z, Z, YW% Y, /% Yi/%
1 1 1 -1 30.03 51.60 69.97
2 1 -1 1 47.78  38.91 52.11
3 -1 1 1 1.60 17.02 97.87
4 -1 -1 -1 45.22  40.44 54.78
5 —1.414 0 0 292 21.67 97.08
6 1.414 0 0 31.56  39.22  68.44
7 0 -1.44 0 82.44 16.27 17.56
8 0 1.414 0 23.38  34.89  76.62
9 0 0 -1.414 12.33 57.00 87.67
10 0 0 1.414 563 2588 93.66
11 0 0 0 1.98  27.35 98.02
12 0 0 0 3.42 28.52  96.58
13 0 0 0 222 29.37 97.78

3.3.3  [al A RUAS 56 5 52 B AT Fwe I v B
FORLARFN AR RN 7 22 0 ik 6, — ik [nl I
PRI R 25 (P <0.01) , R III AR B3 (P >
0.05) , A1 J5 BN R AU, MR A8 2 B0 E) AN A7 AR 2
FHICHE , 2B NGB A B E N RBEN RS
FORLAR Y, AR Y, 0] U o 10 T 7 R 3 A
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Y, =33.72-0.71z +8.46z, -0.222  (12)
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Tab.6 Variance analysis of single rate and qualification rate
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R 9 20259 57.08 0.0034* 794.84 29.6 0.0089*
2 1 154 43.39 0.0071* 410.12 15.27 0.0298"
2 1 173.35 48.85 0.006™ 1744.04 64.96 0.04™
% 1 484.23 136.44 0.0013™ 17.94 0.67 0.4736
212 178 22 0.2348 3511 1.31 0.3358
22 1 17171 48.38 0.0061* 63.7 237 0.2211
22 1 847 239 02201 1233 046 0.5465
2 1 2062 58 0095 18.28 675 0.0805
2 1 325 0.9 04093 359.65 133.95 0.0014*
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Tab.8 Test results of seed metering performance
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