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Design and Experiment of Side-hung Seed-rowing Spoon Type Precision
Seed Metering Device for Radish

DUN Guogiang'® GUO Na® JI Xinxin® LI Xin®> WANG Lei’
(1. Intelligent Agricultural Machinery Equipment Engineering Laboratory, Harbin Cambridge University, Harbin 150069, China
2. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China)

Abstract; In order to solve the traditional mechanical vegetable seeder can not realize the problem of
precision sowing and the existence of injured seeds, a radish spoon type precision seed discharger was
designed. Seed filling, seed cleaning and seed feeding were accomplished by using a seed scoop
suspended from the side of the seed tray, realizing a non-touch operation process. The movement of seeds
into and out of the seed scoop was analyzed theoretically, and to clarify the rationale for its non-injurious
nature, the basic structural parameters of seed disks, seed scoops and seed tubes were determined,
EDEM discrete element simulation software was used to simulate the working process under different
structural dimensions of the seed-rowing spoon. The test factors were the diameter and depth of the hole
in the seeding spoon and the rounding ratio of the release surface, single grain rate, multiple grain rate
and empty grain rate were used as test indicators. Simulation experiments were conducted by using a
3-factor, 5-level secondary general rotary combination design, the optimal structure parameters of the
seed discharge spoon for the hole diameter of 5 mm, the depth of 4. 3 mm, the release surface fillet ratio
of 0. 12 were determined. Based on discrete element simulation of this parameter, bench testing was done
via a homemade seed dispenser test bed and attachment of seed displacer to planter for field trials. The
results of the simulation test were as follows: single grain rate was 93% , multiple grain rate was 4% ,
empty grain rate was 3% . The results of the bench test were as follows: the mean value of the pass index
was 92. 2% , the mean value of the reseeding index was 4. 6% and the mean value of the leakage index
was 3. 2% ,the relative errors were 0. 86% , 15% and 6. 67% , respectively. The results of the field trial
were as follows; the mean value of the pass index was 90. 5% , the mean value of the reseeding index was
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6.9% and the mean value of the leakage index was 2. 6% , which demonstrated good performance of

precision seeding with this seed dispenser. Comparison test of simultaneous damage rate with brush fossa

wheel seed discharger showed that the injury rates were 0. 43% and 1.27% , respectively, relative error

was 66. 14% ,indicating a significant reduction in seed damage.

Key words: radish; sowing planter; side-hung seed discharge scoops; discrete element simulation;

precision planting
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Fig. 1 Overall three-dimensional structure diagram

of precision metering device
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Tab.1 Carrot seed size measurement result

S8 BKRfE/mm B/ME/mm BHE/mm FE/mm?
K 4.67 3.64 4.14 0.051
B 4.16 3.07 3.48 0. 058
R 2.86 1.57 2.43 0. 045
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Fig.4 Schematic diagram of the hole structure of the

seeding spoon

FRAEC (1) DAL bR R RO AR %) A b =l
R A B HERR A BIFL R ST, HERR AT RLFL B2
x, N 4T ~5.7 mm, HEFATBIFLIREE %, Jy 3.5 ~
5.2 mm, @it EDEM {5 HAAF, DL 5835 br sk %
T v I 1 2 36 PR 25 B0 H 0 o HE A A BB L 4% 45
Rt
2.3 HFARIG A

HERP AR E TAERS, HERD 848050 2 15 J 32 8 It
S HER AT I FERP X R X R A B A RN X HE
FATTEHERD 3 1 223 B A A A HERP Ak 5
HERh 3 [0 FHERR ATER O 9 31 28 Bir 2 10 £ B, 1% %
B AT B P RO A L R AR AR A B LA SR
B FPENHERR A 1932 ShRCR | S HEFh 8571 shHERP AT 58
HEFERE A2 3 Fe b X A, FlF 78Rl otk A S HERR AT



80 P

b BB R

2024 4F

W, Z 10 i iniEl s s

Ve

HERp AR SER0 52 1 73 H 1K

Fig.5 Analysis diagram of loading force of precision
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Fig.6 Mechanical analysis of seeds in seeding spoon
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Fig.8 Discrete element simulation model for radish seeds
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trajectory for single seed implantation
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2 40. 09 1 40.09 26.15 0.0005 217.23 1 217.23 58.41 <0.0001 70.68 1 70.68  57.69  <0.0001

%y 27.95 1 27.95 18.23  0.0016  68.75 1 68.75 18.49 0.0016  9.03 1 9.03 7.37  0.0218

X3 6.99 1 6.99 4.56 0.058 5 3.49 1 3.49 0.94 0.3558 0. 60 1 0. 60 0.49 0.4985

Xy o 2,31 1 2.31 .51 0.2476  0.21 1 0.21 0. 057 0.8164  3.92 1 3.92 3.20 0.1039
vxy o 0.91 1 0.91 0.59  0.4586  0.36 1 0.36 0.097 0.7617  0.13 1 0.13 0.10  0.7560
xx3 13.26 1 13.26  8.65 0.0148  9.46 1 9.46 2.54 0.1418  0.32 1 0.32 0.26  0.6204
x? 47.79 1 41.79  31.17  0.0002 17.43 1 17.43 4.69 0.0556  7.50 1 7.50 6.12  0.0329
x3 49.67 1 49.67 32.40 0.0002  12.28 1 12.28 3.30 0.0992  12.56 1 12.56  10.25  0.009 5
«3 5.52 1 5.52 3.60 0.0869  0.035 1 0.035 9.380x10°% 0.9248  6.44 1 6.44 5.25  0.0449
B 15.33 10 1.53 37.19 10 3.72 12.25 10 1.23

KPL 9.88 5 1.98 1.81  0.2646 25.34 5 5.07 2.14 0.2119  10.11 5 2.02 472 0.0568
WE 545 5 1.09 11.85 5 2.37 2.14 5 0.43
BA 196,72 19 364. 55 19 119.18 19

X T 23 kL AR x, a0 S A (P < E(P>0.05),
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Fig. 12 Response surface of the effect of the interaction

between the depth of seeding spoon hole and the release

surface rounding ratio on single seed rate
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Tab.6 Bench test results

L3V SRRy RS R RY
e
(r-min~') % % %
1 20 91.5 5.6 2.9
2 27 91.8 5.1 3.1
3 33 92.0 4.8 3.2
4 40 92.2 4.6 3.2
5 47 92.1 4.4 3.5

HRRE R EHRZELNT 3% , FHIER
TRZETEIR | it 2 HE Rl 45 e 8 i, A s A Al e g
TG WSO/ | EE R 48 00N, AR FR B, IR
SRR I NN 0 T 8, 15 0 S A, % b B
BN, [ HERD 2855 B 40 r/min B 05 ELAG AL 45 SR
56 20000 45 F A X iR 22 0000 h 0.86% L 15% |
6. 67% , 1 iR 22 1 JE DR 2 0 L rpopf 7 el Bk AR B
A, 5 5EPr Ay 22 5, 9 HE5 88754 JB/T 10293—
2013 Hubr (CRE2 ) & A ALEL AR 2510 ) VB b 2 BE 35 B
(AR, TIE BH G HE b 25K 45 A 1 BB R

[Fi) st 5 4% BEA LA HE R 25 20 6 it 5 R 48 =Xk
R EA TS T L B ARG, IR 4R B NY /T 1143—
2006 HEFPAIL T 5 AN B AR L) AL HE R 4%
PR /N T2 T 1. 5% RESR, A 5K 45
Je WA Sy R S R T a0 WA B HERR 2%
5 e A rp R A X B 7 A T WL R4, BT 4
R itHEAN

¢>=%x100% (10)

R 2 218 R R A TR R 2535 1 85
K e——nT WA 072, A
E—W AR5 R B, A

HARIARERE 3 K, EL(10) TR BAR S
WEITHE R 2% 5 1% G0 HEFh 48 Bl 350005 7 4 8
0.43% F 1. 27% , #5385 /& ARV A7 b A o, AH X% 22
H 66. 14% , A0 LT 5 A% SCRr i HE R a8 AR R FE
REAR T At B b R 45147
4.2 HERE

Ry it — 20 B U HERD SRS R A B TAEPERE,
2023 4E 9 H 6 H 7 IR S Hr 2 B i 0 FEHE HE
AL BN AEFPHL AT H RS, 56 A A e R
MLIEAT ek o, s ) + 395 K R 20. 42% , +
RS R 1. 23 MPa, T KB AHET 2 3 M %
Fhife 222K, DR LB R 5 75 2R ML T K, 13 3

NEFIEREE ] 2 ~3 em, FEFPREIE N 15 em, 1 T
FHAXIEFHLIEATIEFIVE L, , 5 Fh B — 160 3 ~
0.7 m/s YU PN AELL, 3 F 6 d J& , BEH 2 47, 1 4N
FRGI e 4 22 (] A RR R, ANl 15 BT, HERR 25 4%
P& HEHEECR 90. 5% , FEREHEECHR 6. 9% , I +5 5Kk
H2.6% , HAF4E IB/T 10293—2013 { Bki (455 ) #&
FRBLEE ARG A ) VR b 1 BEFE Am 0 bs o, 1 — 25 iF B
I HERD SRRV 1 R R 4F

e iz £ & G
K15 N b i AR

Fig. 15 Field test and seedling emergence effect
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