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Design and Test of Spoon Chain Seed Guide Device for Grain Hole Seeder

YI Shujuan SUN Tinghan CHEN Tao LI Yifei LI Yikai
(College of Engineering, Heilongjiang Bayi Agricultural University, Daging 163319, China)

Abstract: Aiming at the problem that grains bounce badly in the seed guide tube when sowing, resulting
in poor hole formation after landing, a spoon chain seed guide device for grain hole seeder was designed.
Its working principle was to improve the hole formation after landing by restraining the seed transport
trajectory, the key components were designed, the motion analyses were carried out on the seed storage
and seed casting process, and the important factors affecting the performance of the seed guide were
determined. In order to obtain the best combination of parameters, three types of spoons, namely, round
spoon, square spoon and square flat spoon, and three types of materials, namely, ABS, rubber and
acrylic, were used as factors in the one-way test, and the test results showed that the square flat spoon
and the rubber material were the most effective. On this basis, the angle of incorporation of seeds, height
of incorporation seed and sprocket speed were taken as the incorporation of seed test factors, and the
seeding qualification rate was taken as the evaluation index; the seeding height, seeding angle and
sprocket speed were taken as the seeding test factors, and the qualification rate of hole diameter,
qualification rate of the number of holes and the coefficient of variation of hole spacing were taken as the
seeding evaluation indexes, and the three-factor, five-level quadratic rotational combination test was
carried out for the seeding and the seeding process through the EDEM discrete element simulation
software, respectively. The optimal parameter combinations for the seed-retention process were seed-
retention angle of 45. 95°, seed-retention height of 74. 05 mm, and sprocket rotational speed of 1. 76 1/s;
and the optimal parameter combinations for the seed-introduction process were seed-introduction angle of
53.51°, seed-introduction height of 25. 96 mm, and sprocket rotational speed of 1. 98 1/s. In order to
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further validate the performance of seed-guiding device, bench-top validation test and comparative test

were carried out under the optimal parameter combinations. In the test, the seed qualification rate was

95.53% , the hole diameter qualification rate was 93.29% , the hole number qualification rate was
94.73% , and the coefficient of variation of hole spacing was 7.46% , and the results of the bench
validation test were basically the same as those of the simulation test, with the relative differences being

less than 5% ; and the results of the comparative test showed that the sowing effect of the installation of

the spoon chain seed-guiding device was significantly better than that of the installation of the seed-

guiding tube, and the hole diameter qualification rate. The qualified rate of hole diameter, qualified rate

of hole number and coefficient of variation of hole spacing can be improved by 2.75, 3.43 and 3. 25

percentage points.

Key words: cereal hole planter; spoon chain; seed guides device
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Fig. 1  Structure of grain hole sowing spoon chain
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Fig.8 Critical mechanics analysis of seed casting
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Fig. 13 Variation curves of nanoseed pass rate for

different seed spoons
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Y= -4.4X +103.34 Y = — 1.45X + 101.46 Y =
-1.65X + 102. 13, #E R E R* 47 51 R 0.938
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Fig. 15 Comparisons of seed distribution between a square

spoon and a square flat-billed spoon casting seeds
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Fig. 16  Variation curves of incorporation seed pass

rate for different materials
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Fig. 17 Seed bouncing for different materials

283k SPSS 43 #T , ABS R 5 1B R AP AT Y
VEMV R 5 94 G A R 40 G il £ 100 05 0 72 430
Y=-10.3X +116.22 Y = —2.4X + 103.12.Y =
-8.35X + 112.46, #e & R R 4 %k 0.975,
0.981.0.974 ,R WEMEK T /NT 0.05, TR RE
B E VAT 0,05, [ B3
4.4 ZEZFERLRK

R AR A ARG B g AR PE R4
FRfEaf i, R 2 4l = K 28 K IE A8 e i 41 Ak
L S IL 0 s s b AW DS | E S & (PO -8 E Y (4
SHHE .
4.4.1 ZHFhad R
4.4.1.1 KK

DAGNFP A BE b o B A 40 e el iR g N 2,
AT = R FACE R BUHIEAS e 4 Al 1E
HR A 1 5 R 30° ~ 50°, Z0FP R E A 70 ~ 90 mm , &%
WEEE N 1.6 ~2. 4 /s, IR A M RN FEFR I8 2
BN 3 i,

x3 T RKEERRSG

Tab.3 Factor coding for nano seeding process test

EES
Y R, OhEbEsEE,  EECEREY
(®) mm (res™h)
1.682 50 90 2.4
1 45. 946 85. 946 2.237
0 40 80 2.0
-1 34. 054 74. 054 1.763
-1.682 30 70 1.6
4.4.1.2 S5R 500

VBRI bR IR G465 Q9 fl B 40
Tl B A0 5 R s PR R IE SR g 18 5 4
RANE 4 Fis X, X, X, W R Gl
4.4.1.3 [IEAIRIEE N 5 I R
XIS BRI AT I 2 00, G5 SRk 5 i,
33T Design-Expert 13. 0 80 X 12 5 K45 3 47 51 19
Sy, TG R S R R 2 SR A ) 1 BB A
5 PR 2 G (0
Q, =96.75 +0.5501X, —0.216 0X, —0. 223 0X, —
0.437 5X,X, +0.610 7X> +0.388 0X2  (24)

x4 HBAREER

Tab.4 Test scheme and results

s e SR
X, X, X5 Q,/%
1 -1 -1 -1 97.73
2 1 -1 -1 99. 41
3 -1 1 -1 96.91
4 1 1 -1 98.76
5 -1 -1 1 97.93
6 1 -1 1 98.13
7 -1 1 1 97.40
8 1 1 1 97.23
9 -1.682 0 0 97.31
10 1. 682 0 0 99. 66
11 0 -1.682 0 97.31
12 0 1. 682 0 97.28
13 0 0 —-1.682 98.13
14 0 0 1. 682 97.58
15 0 0 0 96. 45
16 0 0 0 97.53
17 0 0 0 96.97
18 0 0 0 96. 48
19 0 0 0 96. 84
20 0 0 0 96. 55
21 0 0 0 96. 59
22 0 0 0 96. 50
23 0 0 0 96. 86

RS RMIBRTESN

Tab.5 Analysis of variance of seeding process

FEKE PR Al B F P
TRETR 15.79 9 1.75 13.68  <0.0001*
X, 4.13 1 4.13 32.24  <0.0001*
X, 0. 64 1 0. 64 4.97 0.0440"
X, 0.68 1 0.68 5.30 0.0386"
X, X, 0. 005 1 0.005  0.04 0.846 5
X, X, 1.53 1 1.53 11.95  0.0043*
X, X5 0. 002 1 0.0002  0.002 0.969 1
X3 5.93 1 5.93  46.24  <0.0001*
X3 0.57 1 0.57 4.48 0.054 3
X3 2.39 1 2.39 18.66  0.0008**
Bk 2% 1.67 13 0.13

KA 0.70 5 0.14 1.15 0.1431
TR 0.97 8 0.12

ps¥il] 17.45 22

W+ FZREFLF0.01 <P<0.05), *x XREFWEFH
(P<0.01),FA,

AR A (24) 101 R LRI R I AT R, 52 00 44
G A DR R g AN h A1 S5 AR T 1 N
MR,

T UL AT A AR bR T R R ORI H]
Design-Expert 13. 0 {445 ) Homp i i, 94 Fh f
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Fig. 18 Response surface of effect of seed napping

angle and sprocket speed on seed napping pass rate
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FEDCIEAE I, A5 B0 P R e K B S
R E RS REAE TAESHA S L #E 17 b
Wit @ SEIAECEEER 256080 R il
FLOAE XA R [ E )y FEUEA T 4307, 45 31 AR
MR AT Ry

maxQ, (X,,X,,X;)
~1.682<X,<1.682

s.t. 1 —1.682<X,<1.682
~1.682<X,<1.682

AR A5 Y B A B Dl 45. 95° 4
FE R 74,05 mm BERCFE N 1.76 v/s W], ke
BRI E , FEUL SR AT R IR B A% Ry
99.40% ,

4.4.2 LR
4.4.2.1 BRIt 54R

FEFV AT I ES A G 25, ik —2
WF9E b e (1) TR BE , R FH B RN b 25 1, X 4%
TSR AR A T 10 50 53, 1B HCAR B #7 FE hy 40° ~ 60°
AR B R 20 ~ 40 mm BERCHEH R 1.6 ~2.4 1/,

PEEGRIGFE IR N 7R BARR TR BUA A% R M
AR R B R N R S AR K S 45 R
6.7 FR, X, X N R,

F6 BT ERAEERFD

Tab.6 Coding of test factors for seeding process

S
Yty B/ Ere = v B/
(*) mm (res™h)

1. 682 60 40 2.4

1 55.946 35.946 2.237

0 50 30 2.0

-1 44. 054 24. 054 1.763
-1.682 40 20 1.6

RT BEMEEABRAREER

Tab.7 Test scheme and results of seeding process

- TR ORBL R

Fr BT AR RAK
= X5 N 0w 0% Q%

1 -1 -1 -1 95.21 92.74 13. 60
2 1 -1 -1 96. 32 95.07 2.62
3 -1 1 -1 93. 31 91.87 15.94
4 1 1 -1 94. 52 91.09 11. 44
5 -1 -1 1 94. 17 93. 89 11. 58
6 1 -1 1 95. 64 97. 14 4.74
7 -1 1 1 94. 12 91.53 17. 30
8 1 1 1 94.91 92.77 15. 82
9 -1.682 0 0 94. 80 91.79 15.42
10 1. 682 0 0 96. 61 92.87 4.32
11 0 -1.682 0 95.45  98.06 5.86
12 0 1. 682 0 93.40 91.53 17. 88
13 0 0 -1.682 96.01 94. 80 8.02
14 0 0 1. 682 93.53 97.30 11. 00
15 0 0 0 97.26  98.30 9. 36
16 0 0 0 97.13 98. 15 9. 68
17 0 0 0 96. 65 97.19 9.00
18 0 0 0 97.54  98.61 8. 68
19 0 0 0 97.02  98.92 5.28
20 0 0 0 97. 30 99. 35 7.00
21 0 0 0 96. 61 98.13 9. 06
22 0 0 0 97.53 99.71 6.20
23 0 0 0 97.64  99.47 7.20

4.4.2.2 [IEAAYEEST 5 0 VAT
XA IR A5 R AT 07 22570, 45 R 3k 8 iR,

i) Design-Expert 13. 0 844 % it 45 2540 2547 171 15
I e B e R B RIS 2P REHE b
55 R R G i ] )51 07 7
Q,=97.19 +0.558 3X, —-0.5805X; -0.3435X, +
0.365 0X, X, —0.5357X; —0.988 2X: —0. 866 0X;

(26)
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Tab.8 Seeding process analysis of variance

TR T e P
fEhr ORIR BE
iRl 4318 9 4.80 22.98 <0.0001*
X, 4.26 1 4.26  20.39  0.0006
X; 4. 60 1 4.60 22.04 0.0004*
X3 4.61 1 .61 7.72  0.0157"
X,Xs  0.04 1 0.04  0.20 0. 6610
X,X; 0.0004 1 0.0004 0.0022  0.9637
BRE XX, 1.07 1 1.07 5.1 0.0417"
R X3 4.56 1 4.56  21.84  0.004*
X3 1552 1 15.52 74.32  <0.0001*
X2 11.92 1 11.92  57.11  <0.0001*
E 271 13 0.21
KL 1.60 5 0.32  2.28 0.143 1
w®E 112 8 0.14
B 45.89 22
R 200. 1 9 22,23 31.27 <0.0001*
X, 4.52 1 4.52 6.36  0.0255°*
X 37.27 1 37.27 52.43 <0.0001*
X, 5.62 1 562 7.91  0.0147*
X,Xs  3.28 1 3.28 4.6l 0.0512
XX, 1.08 1 1.08  1.52 0.2395
JORE XX, 0.44 1 0.44  0.62 0.444 7
GHFE X2 92.61 1 92,61 13.27 <0.0001*
X2 37.82 1 37.82 53.20 <0.0001*
X3 19.19 1 19.19  27.00  0.0002 *
2% 9.24 13 0.71
KPS 411 5 0.82 1.28 0.3595
W% 513 8 0. 64
B 209.34 22
ML 402.87 9 44.76  39.10 <0.0001*
X, 138.35 1  138.35 120.86 <0.0001*
X 177.07 1 177.07 154.67 <0.0001**
X5 7.11 1 7.11 621  0.0270"
XX  20.61 1 20.61 18.00 0.0010*
X,X;  4.74 1 4.74  4.14 0.0627
JHEAE XXy 5051 1 5.51 4.81  0.0470°
SEH X2 9.26 1 9.26  8.09  0.0138"
X2 34.35 1 34.35 30.01 0.0001*
X3 6.43 1 6.43 561  0.0340"
% 14.88 13 1.14
&L 3.34 5 0.67  0.46 0.794 3
w2 11.54 8 1.44
BAL 417.75 22

Q,=98.67 +0.574 7X, — 1. 65X, +0. 641 8X, —
2.41X; - 1.54X: - 1. 10X} (27)
Q,=7.92 -3. 11X, +3.53X, +0.794 6X, +
1.48X,X, +0.705 0X, X, +0.902 8X; +
1. 61X +0.7755X; (28)
XS AF(26) ~ (28) [F1H FR B K 51541,

SR AR RS R R R U £ i B 5k
FRE BB 5 SR T ORLECE RS R A R R OO
N R B e RN AR S R U A S AR
Wery PER IR S £ R g E L B RR AR B B B
e,

N T L AT A AR bR R ORI H]
Design-Expert 13. 0 #4145 21 Home iy il 17, P45 A
1o B RN BE B e S8 HAE TN AR B R R B e I 2
PR AR LA BERE 5% O 7R AR S R RO R B 3
W03 590 A W 2H 58 AR O S M RE SR B 1 52 R
U 1 H 1T 40 ] 19 7

30.000 ﬁg\w“‘
27,027 o8&

52.973
°) 55946 24.054
(b)

P19 DR ZR S B X5 A% 5 R 14 17 f T
Fig. 19 Response surfaces for effect of factor interactions

on seeding pass rate
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-1.682<X,<1.682
s.t.9 —1.682<X,<1.682
-1.682<X,<1.682
ORGP AR B2 D 53.51° A
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Fig.20 Seed guide performance testing test bench
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Tab.9 Validation test results %
i WRARE RERE SONEA AR S
JF5 o 0, &3 Q, 0,
1 95.26 92.73 95.17 6. 36
2 94.79 93.15 94. 64 8.04
3 96. 53 93.99 94. 38 7.98
S 95.53 93.29 94.73 7.46

R LR, ERESHAEGT, S
B R A KR K 95.53% R Ak RN
93.29% JRELGHE R R 94. 73% IR AR &R
BN T7.46% TR E G EIER B R 505 &
R LE R EMEINT 5% W R ER, R R
ST R S RN [/ LN

6 BZRITLLIRE

it — A B R A i 3 R B S PR S A
RE P HERD A8 220 38 1 5 i A 5 ) B 5 b 2 0t
e 2l xd L R A R R 1.6,
1.8.2.0.2.2 2.4 v/s, 40 5 8RB R 1 05 5K
KA th B RRAE S EL IR b AR G R A T OREL
BAR R KBRS R4, B AT 3 R BCFRI(E,
Ik A b A RN 10 s,
x10 AESMEEMIBRER

Tab.10 Test results with and without seed guide %

B AEEA RN SR

s R SN R R ORI SRR

(res™') BE GHE RRHE AHE BHRE RAK

1.6 95.93  94.56 7.76 93.18 93.22 8.83
1.8 94.76  95.84 8.03 92.72  94.04 9.77
2.0 94.15 94.60 8. 94 92.37 93.45 10.51
2.2 93.26 95.42 7.57 91.34 92.74 10.36

2.4 93.03 94.58 8.68 90.84 91.15 11.93

12 10 AT, 2 A Bl 20 R b ke B A HERD 25 75
BERE1.6.1.8.2.0.2.2 2.4 /s FAHN 220 5
FRAE, AR AR B R 2.75.2.04 1. 78 1. 92
2,19 NEG R FOREUE RS F 0 P 1,34 (1. 80,
1.15.2.68 3. 43 P E 40 mi, 7R AE 5 R B4R &
1.07 1.74 .1.57 2.79 3.25 @43 A, din] i,
I A 2T o b 5 I AR RSO 0 5 T e
FhAE B REFPRICR .

7 it

(1) F1 XA 15 7 A8 N 3B ™ 5, 7% ML Jm 73



$8

AWMU %5 A7 ARPL A SRR S BT 51K 51

AR P R A R BT T AT A LA
X AR X SO A AT T B T
FIATRE L FEHE W IR D 40510 26 .26 .13 mm,
OIHT T AR R R I RS S O, IR E TR S
PR BB CEE R 2

(2) MR EAES A G, #4705 AL
Horp e Ry B 25 R B, A AT R8R D5 T
WEA] FPATBPREAR I T AT RE e i, Z I ZR A5
FORIZE SRR AL e | B S & g Tl
FARE 45.95° YNFPELRE 74. 05 mm FEFRIEHE 1.76 v/ 1E

BeRpd FE h, B AE S B A R AR 53.51° 4%
FPEEE 25,96 mm FEFCEL I 1. 98 /s,

Q) EEENF S EM EAAES A S, Bl
HHEIT A ARRIER K S 5 20T R, B4R
IR LS R L e RSB E T 50 B0 45
TRILA— 0 X ZEBNT 5% W R Z K 42
X HA IS 2 B FEAS [V L R B T | 2 A e =
%E BAN T 2% TR 1) 7R B R OB A A
R HEAR S R KT iR 2.75.3.43 .3.25 VA
oy R RIZ SR ES TR TIUE,

& % x #t

(1] EA =z mEsy, EARA, 4. A a] i A Rl BoRDETE [T ] el Bl ,2010,14(11) 115 - 18.
WANG Jiezhi, HAO Xiaofen, WANG Genquan, et al. Study on the cultivation technique of millet seedlings thinning out by
chemical control[ J]. Journal of Hebei Agricultural Sciences,2010,14(11) ;15 —18. (in Chinese)

[2] fAedh BV iKHEE 5. 2BZ - 2 B TR DB BRI LB T]. 4ol T %%k ,2017,33(13) : 16 - 22.
HOU Huaming, CUI Qingliang, ZHANG Yanqing, et al. Development of 2BZ —2 type fine and small-amount seeder for foxtail
millet[ J]. Transactions of the CSAE, 2017,33(13) :16 —22. (in Chinese)

(3] AR, BV, 2R, 5. IR SUR RALA A & A7 R 0518080 [ ). Al AL 41,2021 ,52(6) :83 - 94.

YI Shujuan, CHEN Tao, LI Yifei,et al. Design and test of millet hill-drop seed-metering device with combination of positive-

negative pressure and hole wheel[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52(6) ;83 - 94.

(in Chinese)

(4] i Vaderstad 23 5= 24 EB/OL]. [2024 —03 —01]. http: / www. vaderstad. com/en/ Planting/tempoplanter/tempor —

12 — 18/#zone —4777.

[5] SAUDER G A, DILL K R, DUNLAP D L. Apparatus and method for controlled delivery of seeds to an open furrow; U. S.

Patent 6,681,706 P]. 2004 —01 —27.

(6] W~ pe, it . S aCHER a7 U i B B St [ 1] A0k TR #4:,2012,28(22) -8 - 15.
CHEN Xuegeng, ZHONG Luming. Design and test on belt-type seed delivery of air-suction metering device[ J]. Transactions of

the CSAE, 2012, 28(22): 8 —15. (in Chinese)

(7] XISLEh A 2T Geomagic Design A1FHY A = 4E ] TR J]. ARl THEAHR,2015,31(11) ;40 - 45.
LIU Lijing, YANG Hui. 3D reverse engineering design on seed tube based on Geomagic Design software[ J ]. Transactions of the

CSAE, 2015, 31(11) : 40 -45. (in Chinese)

(8] =z, Bz, AARHE, 45, BAPATE AU Xl ar B0 510 [T ] ALK ,2024,55(3) :85 - 95.
LI Hui, ZHAO Wuyun, SHI Linrong, et al. Design and test of seed ladle tongue type flax precision burrow planter[ ] ].
Transactions of the Chinese Society for Agricultural Machinery,2024,55(3) :85 -95. (in Chinese)

(9] ek, vl R , &5 48 AT AOP BB SR S B 5 [ T ] AL 7412, 2022,53(9) 160 - 71.
SU Wei, CHEN Ziwei, LAI Qinghui, et al. Design and test of wheel-spoon type precision seed-metering device for Chinese
herbal medicine Pinellia ternata[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(9) :60 -71. (in

Chinese)

[10]  SKFFAN, AREE, F&, 5. AT ORI CREHERP R B T 588 [ )] AL 41, 2020,51(6) 47 - 54,64,
ZHANG Qingsong, YU Qi, WANG Lei, et al. Design and experiment of scoop-type precision hole metering device for rapeseed
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51(6) :47 =54 ,64. (in Chinese)

CIL] I, B0 6 DO , 5. B0 R H AT BE SRR AR B T SR80 [ ] AL~ ,2020,51 (10) 87 - 97.
SU Wei, HONG Fangwei, LAl Qinghui, et al. Design and test of pre-cutting and spoon seed-metering device for sugarcane
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51(10) :87 —97. (in Chinese)

[12]  BR%. EGAUE-BLAR A S 7 R 8 30 518 [ D ] RIR B\ — R B R7% 2023,

CHEN Tao. Design and experimental study of millet hill-seeder with positive and negative air pressure and type hole wheel

combination[ D]. Daqing: Heilongjiang Bayi Agricultural University,2023. (in Chinese)
[13] A, BN, Bk, 55, WIS A L A B s LA B0 51888 [ 1. Al U7 ,2016,47 (11) :82 - 90.
WANG Xiying, TANG Han, WANG Jinwu, et al. Optimized design and experiment on double-row cross spoon-belt potato

precision seed metering device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2016,47 (11) :82 - 90.

(in Chinese)

[14]  BPOME WHULEE , NG, 5. 85~ BHAE T AU DRSS HERh 2R 1 5356 [ ) ] . Al WIAR 2= 412 ,2022,53(8) .82 - 92.



52 2 A R S 2024 4
LAI Qinghui, XIE Guanfu, SU Wei, et al. Design and experiment of precision seed metering device for broad bean with chain
spoon flipping seed cleaning[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(8) :82 -92. (in
Chinese)

[15] B ARWD7 A, 4. S i L — AL B SR [T ] AW IAKEF] ,2022,53(3) :80 —90.
LU Jinging, ZHU Mingfang, ZHU Xiaoxin, et al. Optimal design and experiment of integrated fan of air suction potato planter
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2022,53(3) :80 —90. (in Chinese)

[16] & ZE, . S S HOR T M. st AURCT Ol B hk: , 2016.

(17] B INE, BRE A5, ISR S o SRR B T 04 VAT [ D] ARl TR, 2023 ,39(23) 123 - 35.
LIAO Yitao, SUN Mai, LIAO Qingxi, et al. Ordering of seed flow in seed guiding of precision sowing for rapeseed [ ] ].
Transactions of the CSAE, 2023,39(23) :23 —35. (in Chinese)

[18] FEWrE, K{ﬂﬁﬁ SR AT, A R T R B R B B JBORE 5 2 1 12 S I3 S B AR R M (0] T AR L, 2022,
53(5):1-4.
JIA Xinyu, YI Shujuan, ZHANG Jijun, et al. The analysis of trajectory and velocity change for japonica rice in the threshing
and separation movement based on high-speed camera technology[ J]. China Southern Agricultural Machinery, 2022,53(5) ;
1 —4. (in Chinese)

(191 FF8385 AR A0S0 55 AR T B ORI S BOT 51K80 [) ]. RoL AU 42,2024 ,55(3) :53 - 63.
WANG Weiwei, SONG Lanzhou, SHI Wenbing, et al. Design and experiment of air-suction double-row staggered precision
seed metering device for maize dense planting[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024,
55(3) :53 -63. (in Chinese)

[20] K225 Re g, shaf st A5 Bl RIBGU R KNG R B 5k [ 1] R4, 2023 ,54(4) :38 - 50.
ZHANG Xuejun, CHENG Jinpeng, SHI Zenglu, et al. Simulation and experiment of seed taking performance of swing-clamp
type maize precision seed-metering device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,54(4) .
38 —50. (in Chinese)

[21] AR, XU EAF i, 45 FORR AR 21 & AL HE R BB 5 SE R PR RE ISR [ 1] AR AL 412, 2024 ,55(2)
73 -89.
REN Dinglin, LIU Tao, XIA Shouhao, et al. Design and seed filling performance test of cavity plate combination hole type
seeding plate for corn and soybean[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2024,55(2) ;73 - 89.
(in Chinese)

[22] ZEihif Sk, 22K E 6. A RER S 05 Bl o8 [ 1] RALIERFSY ,2022,44(3) 1153 - 158.
LI Bohai, ZHANG Dongming, LI Yifei, et al. Modeling of millet ear and experimental study on simulated threshing separation
[J]. Journal of Agricultural Mechanization Research, 2022,44(3) :153 —158. (in Chinese)

(23] AR, AU, FVETE, 25 IR T CREHERR A SR PEREDTTE [V ] ARBLAERTFE 2021 ,43(11) :57 - 63.
LI Yifei, YI Shujuan, SUN Zhijiang, et al. Study on the filling performance of the seed-filling device of socket-roller[ J].
Journal of Agricultural Mechanization Research, 2021,43(11) ;57 - 63. (in Chinese)

[24]  JYSOR, 0HE, AR 2 SO RS 25 2 SRS 2 HERD a8 e B FL i Sk [0 ] R HLBRAA 412, 2019,50 (4) <68 -
76,136.
YIN Wenqing, ZHAO Lu, LI Hua, et al. Design and experiment on suction nozzle type hole of pneumatic-sheave combined
vegetable precision metering device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(4) :68 —
76,136. (in Chinese)

[25]  EAHR. EURUED LW Sl G EORBE S 55280 00 [ D] KA Aok, 2022.
XIA Xilin. Research and experimental analysis of image filtering denoising and edge detection technology [ D ]. Changchun;
Jilin University,2022. (in Chinese)

[26] JASIF. BT MATLAB AR PFE Tk [ T]. 3 S5 IAH AR 2005 (2) -5 - 7.

(27]

ZHOU Jianping. The method of roundness assessment based on MATLAB[ J]. Metrology & Measurement Technique ,2005(2) :5 - 7.
(in Chinese)
ZER M R SEWRAAFE M]. JEaT . Ab2E Tolk Bk, 2008.



