202449 J &k Lok 2= i 5555 % 49 1

doi:10.6041/]. issn. 1000-1298.2024. 09. 007

ER R EBR MR BEE e E
g3t 5t

EOEY OREARY REAY ERES FEsT b A Luw”
(LAl R T B, I 4300705 2. ol AR 3 AR R 1 B 1 b Al %% 4 T i S 4 & (R 463 ) L i 310021
3 AW AT FRATC R A e 4 T S R, IR 430070)

FEE : FF X R 1L DXCAE /)N T R v S e X ke = 4% 7 4 B %) Vel SRE R L HE Pl 5 HE A 2B e () R, B3 T — A S R —
NIE [R5 [ i R HE < i o B T AR RS TR 08 T HEFR 3 5 HE ISR W E A5 24k, ﬁ*ﬁ?ﬂlﬂﬁ&%ﬂﬁ
o7 B X HE R i 5 HE AT 2 UG FCME 52 0 o i ] EDEM {7 JJF e 7 Tl 22 A0 — T [ 45 7] 36 42 HE 5 w8 HE A0 55 HE IS 1 B
B, i@ 7R R AR A B 5 L Y OC BT R0 45 AR R W) A RN T VR 5 % Ol 20 ~ 50 v/ min B, ?Ei’t
o N VRS T e o 5 R o R HE A R SR O M DG R R 2 45 AR 5 8 0 T ) ] A AE 220 ~ 38° Wigjcﬂa‘,ﬁlaﬂfﬂ:_?%
TE 1709. 63 ~2484. 31 g/min PIIZWTIE NN ; b ] DEM — CFD #5547 B 43 1 i Bl i 3% A0 % - B & 9 b 3 F
Z IR 45 SR W] R g R T (A AR O 10° ~ 70° 0, xﬁﬁiﬁﬂﬁ%uﬁmmT%I)bWECJJuJ_%EWHﬁﬁF
R U R . B AR IE e 2 R R AR R IR VR % R 20 ~ 50 v/min B, BHERD 28R E PR S R BN
BT 0.92% SATHER & — B A S RECRE T 3. 64% Fh FREB RN S T 0.04%  BHC E A E A 5 RECR
T L 21% S ATHEIR E— B A T R BOR R T 4. 41% , AT 52 B0l 2% HE B — s I 3 5k 8 0 2 4 AR 45 % T )
[E] I AR, i R AFHEIC ok, M EHR IS5 R R W] SRS TR — B R RN 9.25% (BB EN A R R
BN 7. 16% |0k 2 Il SERG ARG R 2K
KB T, WRERE; HERPREE; HEMR S AU LR R ILX
FESZES: $223.273 X EkFRIZED : A XEHES: 1000-1298 (2024 )09-0089-13 OSID .

Design and Experiment of Lightweight and Simple Centralized Seeding —
Fertilizing Device for Rapeseed in Hilly and Mountainous Areas
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Abstract; In response to the practical problem of the lack of light and simple integrated planter’ seeding
device and fertilizing device for rapeseed in small fields such as hilly and mountainous areas, a
centralized seeding — fertilizing device for rapeseed was developed. The working process of the centralized
seeding — fertilizing device for rapeseed was clarified. The main structural parameters of the seeding
cylinder and fertilizing cylinder were determined. The influence of the fertilizer layer control board
position on the matching of seeding and fertilizing quantity was analyzed. An experiment was conducted
using EDEM simulation to investigate the seeding and fertilizing performance of the centralized seeding —

fertilizing device for rapeseed. A model was established to determine the relationship between the
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fertilizer layer control board position and the fertilizing quantity. The experimental results showed that
when the seed — fertilizer cylinder rotating speed was 20 ~50 r/min, the seed — fertilizer cylinder rotating
speed was linearly related to the seeding quantity and fertilizing quantity. When the angle between the
fertilizer layer control board and the vertical direction increased within 22° ~38° | the fertilizing rate was
gradually increased between 1 709. 63 g/min and 2 484. 31 g¢/min. The DEM — CFD coupling simulation
was applied to analyze the influence of auxiliary conveying airflow on the seed velocity and force inside
the seed guiding tube. The results indicated that when the inclination angle between the seed guiding tube
and the vertical plane was 10° ~ 70°, the auxiliary conveying airflow could achieve accelerated seed
discharge through the seed guiding tube and avoid seed retention. The results of the bench validation test
showed that when the seed — fertilizer cylinder rotating speed was 20 ~ 50 r/min, the stability variation
coefficient of the total seeding quantity was not higher than 0. 92% , the consistency variation coefficient
of each row of seeding quantity was not higher than 3. 64% , the seed damage rate was not higher than
0.04% , the stability variation coefficient of the total fertilizing quantity was not higher than 1. 21% , and
the consistency variation coefficient of each row of fertilizing was not higher than 4. 41% . As the seeding
rapeseed was fixed, the angle between the fertilizer layer control board and the vertical direction could be
adjusted to meet different fertilizing requirements. The field test results indicated that the variation
coefficient for the consistency of the number of plants in each row of rapeseed was 9.25% , and the
variation coefficient for the stability of the total number of plants was 7. 16% , which met the requirements
for precision seeding for rapeseed.

Key words: rapeseed; seeding — fertilizing; seeding device; fertilizing device; seed — fertilizer cylinder;
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Fig. 1  Structural diagrams of centralized seeding — fertilizing device for rapeseed
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Fig.7 Effects of fertilizer layer control plate position on fertilizer filling performance
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Fig.9 Variation curves of seeding performance at different

rotating speeds of seed — fertilizer cylinder
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Fig. 10 Variation curves of fertilizing performance at

different rotating speeds of seed — fertilizer cylinder
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Tab.1 Seed velocity and force at different tilt angles between seed guiding tube and vertical direction
T A A AR v/ v/ v,/ v./ FN FUN N FUN it e ] 7] B A
/(%) (m-s™')  (m-s™')  (mes™')  (mesTh) E AR S R %
10 5.75 0. 903 5.51 0. 166 2.54x107° 2.49x10°° 2.06x107° 8.64 x10°° 8. 61
30 5.03 2. 46 4.35 0.183 2.82x107° 3.73x10°% 2.71x107° 9.31 x10°° 7.23
50 4.23 3.25 2.69 0. 191 7.98 x107° 5.40x10°% 7.09x107° 3.63 x10° 5.03
70 3.46 3.02 1. 62 0.249 1.645x10 7% 6.27x107° 1.36 x10™* 9.17 x10°° 8.95
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Fig. 13 Seed velocity distribution at different tilt angles between seed guiding tube and vertical direction
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Tab.2 Seeding performance and fertilizing performance of bench testing results of centralized

seeding — fertilizing device for rapeseed

L3 HEFl 5/ B ERE STHME—E ATk HEE 2/ BRI E T A AT R
(remin~") (grmin™')  HWERAL/ % BRI % /% (g-min~") LR RB % MRS RE %
20 9.58 0. 81 2.75 0.02 2021.94 1.05 3.95
30 13. 84 0.76 2.92 0. 03 2186.28 1.21 4.12
40 17.34 0.92 3.64 0.03 2305. 16 1.11 4.26
50 22.10 0. 86 3.51 0.04 2493.08 1.17 4.41

5.48% , W5 XG5 B AT A
3 O ABJZ AW s T 1 E) A TR] S A AR
JECP AL VR fR) % o 2 5 i A HEAC PERE . fhi 6 3 w]
R, AR R VR 5 5 3 D 30 o/ min 1), 5 42446
SE ) HEAE 3 5 5 07 28 Hh 3 (17) 2 A HENE 3 3R
P 22K T 3. 01% 5 4 g 2 HE VR 1 % 3 24 50 v/ min
I AR 20 (16 ) v A Al Al A 72 £ AN [ % 3 ek 4 1k
HE SR 405G 2 A )2 42 1l Al 5 18 D7 1) ) SJe £ A HE AT
HAR AR S (17) T A HREAE 3 R 5 5 2 56 5
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x3 IEEEHRAEALE N AR B R R B ik
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Tab.3 Fertilizing performance of bench testing results
at different fertilizer layer control board positions and

seed — fertilizer cylinder rotating speeds

gy PEEME e, BPRR SRR
oty EIE L S SRR
I /() SEM % R %
22 1752. 14 1.29 4.12
24 1 820. 26 0.98 3.78
26 2 001. 08 1.17 3.94
28 2 095. 62 1. 15 3.56
30 30 2 186.28 1.21 4.12
32 2 236.58 1. 14 4.45
34 2315.82 1. 06 4.13
36 2 495.62 1.01 3.98
38 2554.92 1.32 4.51
22 1970. 16 1. 14 3.98
24 2195.62 1.28 4.12
26 2262.32 1.35 4.23
28 2391.58 1.21 4.95
50 30 2493.08 1.17 4. 41
32 2 698. 18 1.22 4.71
34 2794. 14 1.38 4.35
36 2853.18 1.25 4.66
38 3002.08 1.11 4.53
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Fig. 15 Experimental verification of seeding performance

with different tilt angles of seed guiding tubes
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