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Design and Experiment of Three-leaf Type Air-suction Seed Meter with
Automatic Clear and Replace Seeds Features for Soybean Plot Test

CHEN Haitao WANG Hongfei WANG Yecheng SHI Naiya WEI Zhipeng DOU Yukuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to improve the mechanization and automation level and accuracy of the soybean plot
test, aiming at the bottleneck problem of soybean plot seeder cleaning and replacing technology, a kind of
three-leaf type air-suction seed meter with automatic clear and replace seeds features for soybean plot test
was designed. The motor was used as the power source to drive the gear seed plate and the three-leaf
auxiliary seed filling and cleaning and replacing mechanism to quickly complete the non-stop seed
cleaning, seed replacing and seed filling between neighboring plot. The basic structure and working
principle of the seed meter were described, and key components were theoretically analyzed to determine
the structural parameters based on the requirements of the breeding test. Combined with the requirements
of breeding test, the structural parameters were determined through theoretical analysis of key components
with the spatial analysis principle of TRIZ theory. The EDEM virtual simulation of the three-leaf auxiliary
seed filling and cleaning and replacing mechanism was performed to analyze the auxiliary seed filling
process and determine the blade inclination angle of the best auxiliary seed filling effect. According to the
agronomic requirements of community breeding, a three-factor five-level quadratic orthogonal rotation
center combination test was carried out, and the working speed, vacuum degree, and cleaning and
replacing seed time were taken as test factors, and the eligibility index, replay index, missed index, and
cleaning and replacing distance were selected as the test indicators. The result showed that when the
optimal parameter combination was as follows: working speed was 5.3 km/h, vacuum degree was
4.6 kPa, and cleaning and replacing seed time was 0.3 s, the eligibility index was 95.29% , replay
index was 3. 29% ,missed index was 1.42% , and the cleaning and replacing distance was 554. 6 mm,
which met the sowing requirements of soybean plot test.
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Fig. 1  Structure diagram of air-suction seed meter
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Fig.2 Working schematics of seed meter
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Tab.1 Physical characteristics of soybean seeds
mm
KL TR W R H SRk
W bR WM R MM fREE ER
HHE202 7.04 0.41  6.65 0.61 6.22 0.52 6.62
M43 7.95  0.92 7.02 1.12  6.95 0.87 7.29
HAeds 7.02 0.75 6.84 0.84 6.52 0.98 6.79
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Tab.3 Coding of test factors

Ity — = -
PEML R EE/ (km-h~1)  EZEE/kPa iEHRPATE]/s
1. 682 7.2 6.0 0.84
1 6.5 5.4 0.70
0 5.4 4.5 0. 50
-1 4.3 3.6 0. 30
-1.682 3.6 3.0 0.16

x4 RBEAREER

Tab.4 Test scheme and results

kg ARl s A B EHIE R IR
e EE %, WP feEc dEEC B0 HEE
X, X, Y/% Y,/% Y/% Y,/mm

1 -1 -1 -1 91.62 3.62 4.76 450
2 1 -1 -1 8634 3.26 10.4 530
3 -1 1 -1 9254 573 173 500
4 1 1 -1 9295 3.56 3.49 640
5 -1 -1 1 9236 3.13 451 520
6 1 -1 1 86.64 2.04 11.32 580
7 -1 1 1 90.17 526 4.57 530
8 1 1 1 8879 3.08 813 670
9 -1.682 0 0 91.54 4.14 4.32 430
10 1.682 0 0 86.42 3.57 10.01 590
11 0 -1.682 0 87.37 3.16 9.47 480
12 0 1.682 0 90.33 6.8 2.81 600
13 0 0  -1.682 94.56 3.04 2.40 510
14 0 0 1.682 92.95 2.03 5.02 590
15 0 0 0 9479 3.23 1.98 560
16 0 0 0 9528 3.14 1.58 620
17 0 0 0 9416 3.22 262 59
18 0 0 0 9412 2.98 2.9 550
19 0 0 0 9496 3.62 1.42 590
20 0 0 0 9542 2.06 2.52 580
21 0 0 0 9417 2.81 3.02 570
22 0 0 0 9526 3.28 1.46 610
23 0 0 0 9512 296 1.92 630
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B U 195 48 50174 [l DA 78 55 S s ) 49 1 10 0L 6 R
U HERD RS v e AhEE B v, MR b B3 (P <
0.01) , FIHB AT P =0.777 8, WA B E, £
AF Y o B 5 1) [T D AR 5 S B R 4R R AR L5 R

U TE B AL G BRABE AL R 1 2 00T, A5 3 HE R

LRSSV ONCER LT (I ORI TR e 1 E S QR Uil =8|

(14 [T A Y Ay

Y, =94.81 —1.51X, +0.91X, -0. 60X, —2.08X; -
2. 13X -0.39X; +1.25X,X, —0. 95X, X,

Y, =3.04 —0.49X, +0. 86X, —0. 32X, +0. 26X} +
0.67X; —0.20X; —0. 09X, X,

Y, =2.15 +2.00X, —1.78X, +0. 92X, +1. 82X} +
1.46X; +0. 60X; —0. 89X, X, +0. 85X, X,

Y, =588.4 +50. 46X, +33. 82X, +23. 03X, -
23.22X% - 12.61X2 +17.5X,X,

(11)
3.3.3  HEEXERESEARAY R

(1) X PEREFE bRz i DTHRER T

S A0 A BT 45 PR 28 X8 A5 i DT kR
TR EE D b T A, 4% DR 20T ks 4 RO i I
P R E 55 4 - ARl B RE | A5 BE T A ] % E R
TR T p 5 2 55 58« LS B VR e B 4
Fofrst [61] 5 o) Yt 9% 18 K505 Wi DT v 56 28] 55 O« 1l e
JE EASRE TE A5 A [ 5 X 3 40l I 5 e U e
S B 55 8 AR LA TR ]

(2) Xt PERE bR w7 it T 23 Hr

i KA 53 B 45 DR 28 X6 1 RE 48 A 52 MR 50T, R
FHRG L 2 ) B 21 5 35 0 28 B AR 4 B 5 4 48
B EREAEE UG TR Fh T B I R v Ay e oy
L 9 ~ 11 ffis,

THRAP I R] X, &b TF K- (0.5 ) B, Ba5 JiE
SV B % 5 % i R ) 1% i) 7 i T A 8] 9a T
TN, B B g B HERR A AA% i B AR
RGN 52 T R R 35 FEAR ML UK T 6.5 km/h B,
B 1 T2 (R 38 00, 5 4 48 BT R B 3 4 K
FEAE Y B — 7 ), B 25 025 BE (3, HEFh 28 &
AR R B B R T RS MR EE X,
Ab T K (5.4 km/h) BF ) B 25 BE 5 3 45 R i []
X A5 K A5 BRI Wi A &) 9b FIFAR | 1 R ] —
B, Bl EC 25 B R 3G A A& 8 SR SE B TR TR
HaF TR HLs B — i I, B 5 J5 R st 8] i 15 05 4%

REUE AR TR BB S IE /N A A% 48 B
ALEE

THRAPETE] X, 4 FFKF-(0.5 ) BF, BAS
VRl 4 % U 4% 45 £ 0 52 i A & 10a TR, 4 H
235 FEANAR T HER 25 Ui 75 i 250 Bt 4 ol o R 7 35
BT, MR B KT 6.5 kim/h 1, Bl 5 1
b RS PR3 I e A DL R ™ B s AEAE Ml A ]
(IZAET Bl B2 BE A3, HEFh 25 T4 5 202
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Tab.5 Results of variance analysis
R g sty UE-2 3 5 A e B ¥y F P L2k
Y 209. 36 9 23.26 114. 84 <0.0001 otk
X, 31.02 1 31.02 153. 11 <0.000 1 otk
X, 11.38 1 11.38 56. 19 <0.000 1 otk
X; 4.92 1 4.92 24.29 0.0003 otk
X2 68.74 1 68.74 339. 37 <0.000 1 EEE
X2 71.81 1 71. 81 354.53 <0.000 1 ok
X3 2.44 1 2.44 12.04 0.004 1 otk
AR XX 12.58 1 12.58 62.08 <0.000 1 otk
1442
XX, 0.62 1 0.62 3.07 0.103 4
X, X5 7.16 1 7.16 35.36 <0.000 1 stk
B2 2.63 13 0.20
ES) 0.41 5 0. 082 1.93 0.9023
R 2.22 8 0.28
pogil] 212. 00 22
LAY 25.03 9 2.78 11.36 <0.0001 ok
X, 3.34 1 3.34 13. 66 <0.000 1 otk
X, 10. 20 1 2.15 41.66 0.0473 sk
X, 1.39 1 1.39 5.68 0. 0002 stk
X2 1.09 1 1.09 4.46 <0.000 1 otk
X3 7.14 1 7.14 29.18 0.002 8 sk
- X 0. 66 1 0. 66 2.71 0.0019 sk
HA A XX, 1.05 1 1.05 4.29 0.3587
X, X5 0. 068 1 0. 068 0.28 0.0029 otk
X, X; 0.072 1 0.072 0.29 0.709 6
B 2% 3.18 13 0.24
ER 1 1.69 5 0.34 1.81 0.2180
R2E 1.50 8 0.19
pogil] 28.22 22
LY 213. 48 9 23.72 63.88 <0.000 1 stk
X, 54.73 1 54.73 147. 40 <0.000 1 otk
X, 43.13 1 43.13 116. 17 <0.000 1 otk
X, 11.54 1 11.54 31.09 <0.000 1 sk
X2 52.50 1 52.50 141. 41 <0.000 1 stk
X2 33.66 1 33. 66 90. 65 <0.000 1 etk
_— X2 5.65 1 5.65 15.21 0.0018 ok
L SR X, X, 6.35 1 6.35 17. 11 0.0012 otk
XX, 1.10 1 1.10 2.97 0.108 5
X, X5 5.80 1 5. 80 15.61 0.0017 ok
Bk 2% 4.83 13 0.37
S A 1.73 5 0.35 0.90 0.5261
R 3.09 8 0.39
psyil] 218.30 22
BT 72 848. 89 9 80. 94 13.70 <0.000 1 ok
X, 34769. 40 1 347.69 58. 84 <0.000 1 stk
X, 15 616. 57 1 156. 17 26.43 0. 0002 otk
X; 7 244. 54 1 72.45 12.26 0.0039 stk
X2 8 565. 84 1 85. 66 14. 50 0.0022 otk
X3 2527.31 1 25.27 4.28 0.059 1 *
X2 1308. 93 1 13. 09 2.22 0.1605
TR X, X, 2450. 00 1 24.50 4.15 0.0626 *
X, X5 0.50 1 0.50 0. 085 0.7757
X, X, 4.50 1 4.50 0.76 0.3987
2 7 681. 54 13 590. 89
AL, 1792. 65 5 358.53 0.49 0.7778
PR 5 888. 89 8 736. 11
¥ l| 80 530. 43 22

Ty e TR B E (P <0.01), =+« FRIEH BE(0.01 <P<0.05), * #/REE(0.05<P<0.1),



F12H

Writgd 45 . =it oA shig i ok o a7 OB HERr 2 i S5 il 83

4.2
3036 Q?—

{a) X =0

(b) X =0

K19 DRIER A HAE RIS 6 i KO Wi 14 o oz A T

Fig.9 Effect of interactive factors on qualified index
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Fig. 10  Effect of interactive factors on missing index
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FL25 5 IR A A s ) U 4 A S 4N 8] 10b B
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Hhn, HERh BS E AR S BRI T T ¥ A (A]

Effect of interactive factors on multiple and changing distance index
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max Y, (X,,X,,X;)
min Y2<X1’X2 ,X3>
min Y?(X] sXZ 9X"$)

500 mm <Y, <600 mm (12)
-1=sX, =1

s.t. ¢ -1=sX,=1
-1=sX, =<1

iz ] Design-Expert 44 A (9 L A0 A5 e [l 15
BRI TR i, TEAE MR FE N 4.3 ~ 6.5 km/h | L%
JE 3.6 ~5.4 kPa JEHANETE] 0.3 ~0.7 s HISRMETF,
BORGARTEEOA BN, R BN, IR iG e 50
AN AR R T4 500 mm /N FEETF 600 mm,
MRS R TES A G 25 E 4.6 kPa fE
V3B 5. 3 ki/h FEBFPITE] 0.3 s, R A M 5L
9 95.29% HIEIEE 3.29% IWIBTER 1. 42% T
WeApiE B 554. 6 mm,

J T RAE A S B 4 R IE AR, AR SR
T, LIBA 45 KEFT R0 pr B T30 iE i
5, #4710 RE IR, SO EAE i 5 45
1B SPRE S A EXT S5 R a3k 6 iR, ik
e a R R ARSI

4 it

(1) ARG R T /N Bl A 220K et —Fl
HTEH ARG AR st e =1 XA 3h
T BeRh R AU HERR 25, SEE T AR AR/ N X

*o6 ZIRESRUEIER
Tab.6 Comparison results of actual value and

optimal value

- SIS ERREN O RIRIEEY  TEBORhEE
% % % Bj/mm
PEAbAE 95.29 3.29 1.42 554.6
BN 95. 68 2.96 1.36 549.0

[ AR PSP R 7R LA G 3R /)N
X BEREA A, 7 — o B L e T R /N X 4
TR P 25 )

(2) $ T FuRh s A 4 Ah = A0 B S I PR
SEMZEAIE R, it T =i Uk Bh e Fp g e AL
¥l i IS Y 5 05 BT i e e A o
k13,50, ] BHZ AT RS 3 2o X6 = it o S 5 g 2 v
T HERP RS A TR BE , DI AE Fh B0 A A L
T B DR G ARl HE R S50 P A b B

(3) & R X HERD 25 A A% 38 E0 52w i K 3)/)N
WU AR BT | B3 B TR A R (] 5 X 5 46 4
s R BN /IMK IR BL25 B VR B Je s
[i] 5 X P4 i 50 M ER R B /IMI U < VRl 3 B |
25 E TH AN [B] 5 A AR R 5 00 R E] MR IR
AR R FE LS FE AT, AR TAES 5
HERNEAE 4.6 kPa MRV FE 5.3 km/h 5 # P
BFE] 0.3 s, b i HE 2% 1 B8 I 4, B A5 F8 B R
95.29% FEREHEEN 3.29% IWIEFEEL 1. 42% E
FhiH S 554. 6 mm,
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