202146 H Z%ikm fiﬁi?"ﬁx’ %52 % % 6 W

doi;10. 6041/j. issn. 1000-1298.2021. 06. 009

EASE BARAGRNAFNBRAMSR LT SRE

Rip4E B # FRE BEHEE £ N

(BTN — R B R TR, KK 163319)

FEE . AU A T 7B HER S B AT R AESE L HERh 5 2 T s e 0 S (I R HERI 38 5 1 22 5 IR, 45 6 4 T 7 H%
BRI T —ANE AR B A G S F OB HER AR . XHERN 28 O A S B AT IR B A B
SPHTEESE T ARG TR FE AN X R TR O TR R AR R HER IR RE S AL, DI LR R S L E
BRHARER, AR ERHR WRER NN, 67T =B R A RS 4 A5, R 2 Birfl
AITHE  fE T 4L AR 1. 04 mm ELZS 2. 10 kPa B FLAR 45 K 22. 46 +/min I, G548 F N 93.14% , %
BN 3. 48% ImHEHN 3.38% , XHRALLE RAAT RS S UF s R S A R A B, HEEMR RN 1%
HERP AR SR FH 88.2% HIEF N 4. 9% JWHEFRN 6. 9% , A WHEIR M BB TR 2K,
KW AT S HERE ERRUR,; BIALER
FESES . S223.2 XERARIRAED ., A XEHS: 1000-1298(2021)06-0083-12 OSID: 3

=]
£ i

Design and Test of Millet Hill-drop Seed-metering Device with
Combination of Positive-negative Pressure and Hole Wheel

YI Shujuan CHEN Tao LI Yifei TAO Guixiang MAO Xin
(College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China)

Abstract; Aiming at the problems of small size, light weight and pityriasis in millet seed sowing and
seed-metering device, such as hole blocking, poor seed uniformity and low seed filling rate at high
rotating speed of seed-metering plate, a combined type of positive and negative air pressure and hole
wheel seed sowing and seed-metering device was designed according to the agronomic requirements of
millet seed sowing. The parameters of key parts of seed sorter were designed and calculated, and the
mechanical model of seed in the flow field and filling area was established through theoretical analysis. It
was found that the main factors affecting the airflow force on seeds were the diameter of suction hole and
the vacuum degree inside the type hole. The vacuum degree required by seed sorter during seed filling
was 1. 13 ~3.21 kPa. Through single factor test, it was determined that the optimal hole of the seed
metering device was cylindrical conical composite hole, and the optimal hole diameter was 1 mm, and it
was verified that the pass rate of the hole metering device under the condition of negative pressure at high
speed was significantly higher than that without negative pressure. In order to get the best performance
parameters of the metering device, with hole type wheel speed, vacuum degree, and suction diameter as
the test factors, percent of pass, replanting rate, sowing rate as the evaluation index, the three factors
five levels quadratic orthogonal rotation combination test was taken, and multi-objective optimization
method was used, and the best parameter combination was determined as follows: when the suction
diameter was 1. 04 mm, the vacuum degree was 2. 10 kPa, hole type wheel speed was 22. 46 r/min, the
percent of pass was 93.14% , the replanting rate was 3.48% , the leakage rate was 3.38%. The
verification results were basically consistent with the optimized results. In order to investigate the actual
sowing performance of seed metering device, field seeding experiments were carried out. The field test
results showed that the pass rate was 88.2% , the replanting rate was 4. 9% , and the leakage rate was
6.9% . All the indexes met the requirements of hill seeding agronomy of millet.
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Fig. 1 Structure diagram of seed sowing device
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Fig. 14  Relationships between shape of type hole and rotation speed of type hole wheel and seeding quality
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Tab.2 Factors and levels of test

S
Aty WAL LS RIfLA R
X,/mm X,/kPa X;/(r-min~")
1. 682 1.4 3.5 30
1 1.2 3.1 26
0 1.0 2.5 20
-1 0.8 1.9 14
—-1.682 0.6 1.5 10

x£3 AW EER
Tab.3 Test design and result

o R e

i% X/ X/ Xy AHE EEE EE
T m KPa  (rmin') YW/% Yo/%  Vi/%
1 1.2 1.9 14 87. 31 5.39 7.30
2 0.8 1.9 14 89.43 9.26 1.31
3 1.2 3.1 14 86.52 3.51 9.97
4 0.8 3.1 14 85.51 8.27 6.22
5 1.2 1.9 26 88.36 5.35 6.29
6 0.8 1.9 26 91. 31 6.32 2.37
7 1.2 3.1 26 86. 21 4. 64 9.15
8 0.8 3.1 26 87.34 4.25 8.41
9 1.4 2.5 20 87.36 4.43 8.21
10 0.6 2.5 20 86.52 10. 82 2. 66
11 1.0 3.5 20 92. 15 4.42 3.43
12 1.0 1.5 20 86. 21 4.35 9.44
13 1.0 2.5 30 89. 19 6.3 4.51
14 1.0 2.5 10 91. 46 2.54 6. 00
15 1.0 2.5 20 92. 37 2.45 5.18
16 1.0 2.5 20 92.23 2.43 5.34
17 1.0 2.5 20 91. 36 3.64 5.00
18 1.0 2.5 20 92. 65 2.51 4. 84
19 1.0 2.5 20 92.02 3.34 4. 64
20 1.0 2.5 20 93.32 2.68 4.00
21 1.0 2.5 20 92.21 2.76 5.03
22 1.0 2.5 20 93. 65 2.75 3.60
23 1.0 2.5 20 92.52 3.38 4. 10
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Tab.4 Variance analysis
ﬁ@ Kz P HH T i
EIL I 3 - I3 L
MR 155.82 9 17.31 23.71 <0.0001 =
X, 104 1 1.04 1.43  0.0003 ok
X, 31.74 1 31.74 43.46 <0.0001  *x
X; 5.0l 1 5.01 6.8 0.0213 *
X 7236 1 72.36 99.09 <0.0001 =
X3 28.62 1 28.62 39.19 <0.0001 =
AR X3 13.96 1 13.96 19.11 0.0008 ok
XX, 3.06 1 3.06 4.19 0.0613
X, X; 1.10 1 1.10 1.51  0.2409
XX, 0.25 1 0.25 0.34 0.5696
2% 9.49 13 0.73
il 5.78 5 1.16 2.48 0.1212
W 3.72 8 0.46
M 16531 22
BiRY 108.43 9 12.05 24.65 <0.0001  #x
X, 2916 1 29.16 59.67 <0.0001 =
X, 2.44 1 2,44 4.98 0.0038 ok
X; 10.89 1 10.89 22.28 0.0004
X3 47.36 1 47.36 96.91 <0.0001  #x
X3 5.36 1 5.36  10.98 0.0056 ot
HEEER X3 559 1 5.59 11.45 0.0049  *x
X;X, 0.028 1 0.028 0.056 0.8158
XiX; 8.10 1 8.10 16.57 0.0013 ok
X,X; 1,013 1 1.013 2.072 0.9644
2 6.35 13 0.49
KL 4.72 5 0.94 4.62  0.280
"% 1.63 8 0.20
B 114.78 22
AR 114.82 9 12.76 35.15 <0.0001 =
X, 41,25 1 41.25 113.64 <0.0001 ==
X, 51.76 1 51.76 142.61 <0.0001 ==
X; 113 1 .13 3.11 0.0213 *
X 2.64 1 2.64 32.22 0.0183 *
X2 9.20 1 9.20 24.11 0.0002 =
R X2 1.88 1 1.88 2.44 0.0405 *
XX, 3.67 1 3.67 10.12  0.0072 sk
XX, 3.23 1 3.23 8.89 0.0106 *
X,X;  0.22 1 0.22 0.60 0.4524
#E 472 13 0.36
KB 1.83 5 0.37 1.02 0.4673
w®#E 2.89 8 0.36
HAO119.54 22

. «{ARZEFRE0.01 <P<0.05), #+x F/REFWEF

(P<0.01),
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Fig. 15 Influence of interactive factors on eligibility index
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