201947 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi %550 % 55 7

doi:10.6041/j. issn. 1000-1298.2019. 07. 006
EXREY—=[VTRSRASERFEHMF LT 5IXR

ZEX B W OKREXT £ BT T A #HLF

(Lo EARME R LB, b At 1000835 2. RV AR AR L IE-HLas— A R R B AR T AL S, st 100083)

FEE . v SRR 7 AT A MRS T R ORI B R Y R R, B T — b — R XA T AR 2K O S R A L R
FH B0 R B HE A 2 S ST REFI VR o R T HIEA G54 5 TAEJFUAL, 0 G S BT T 2R 40, i 8 T LAE
D, B T HER S B TE S L T F B S BN BCE SR, DUZ W HER S TAEE R FE AR RALER
TS5 BRI &5 F B O RIS R R, 64T T = R & =K P19 Box — Behnken Jig 5% 1F 3850 . IR A R E VAL EH
4.5 mm E 45 kPa HT#FHBE 10 km/h KA EG , TERIESEA G KT, HEGHEE R 97.83% , 1 B %
RN 0.62% , I A K5 28K 98. 24% ARG BN 0. 47% ik JE ¥t 35k . Sy % SCHEFh 28 10 o B8 5 P, R AT
T E R R, A R R R E 14 km/h LA, 9 MBS RERE KT 93% , 1 SMETEIE R /DT 5% , 9 HhE
EAERNT 2% o Sy B ik HEF 4 X5 A () 2288 ot e 003 Rz P S B /N BRI T 0 R0 R AR LR AME R
TE O[] W AL R SF A s, 6 AT 1 dn o o Ml e 85 SRR W, N SN B R R T 97% , N S TRRE R DT 1%,
WS E BN T 3% 00T E AR UERR , BA R Y ek

KB KRG TR —#E0UT EATEM

FESES: S223.2 XERFRIRAD: A XE4HE: 1000-1298(2019)07-0061-13

Design and Experiment of Pneumatic Precision Seed-metering
Device with Single Seed-metering Plate for Double-row
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Abstract; Under the narrow-row-dense planting mode of beans, it is difficult to achieve high-speed
precision seeding. However, a pneumatic precision seed-metering device with single seed-metering plate
for double-row was developed, which used single-channel and single-row seeding tray to realize double-
row seeding operation. The basic structure and working principle were expounded. The working area of
the seeding device was divided, the structural form of the seeding tray was determined, the key
parameters of the main structure were analyzed and the mathematical model was determined. The
experiment was employed through the method of Box — Behnken orthogonal rotating center combination of
three factors and three levels according to the GB 6973—2005 national standard. In test, soybean seed
Zhonghuang 37 was selected as experimental material. Combining with extensive pre-experiment and
theoretical analysis, hole diameter, vacuum degree, forward speed were taken as main influencing
factors, the seed qualified index and missing index were taken as response index. The results showed that
the order of contribution rates on the effect of inner qualified index was the vacuum degree, hole diameter
and forward speed, the order of contribution rates on the effect of inner missing rate was vacuum degree,
forward speed and hole diameter, the order of contribution rates on the effect of outer eligible rate was
vacuum degree ,forward speed and hole diameter, the order of contribution rates on the effect of outer
qualified index was hole diameter, vacuum degree and forward speed. The optimal combination of
parameters was as follows: the hole diameter was 4. 5 mm, the vacuum degree was 4. 5 kPa, the working

speed was 10 km/h, and under the optimal combinations, the inner eligible rate was 97. 83% , the inner
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missing index was 0. 62% , the outer eligible rate was 98. 24% , the outer missing rate was 0. 47% . The

verification test was repeated 10 times, the results indicated that the actual test results were in agreement

with the optimization results. Then, a speed single factor test was carried out. The results showed that the

inner and outer eligible rate were more than 93% , the inner and outer missing rate were not more than

5% , and the inner and outer multiple rate were not more than 2% . At last, the adaptation tests of peas,

mung beans and adzuki beans were carried out. The results showed that the inner and outer circle eligible

rate were more than 97% , the inner and outer missing rate were not more than 1% , and the inner and

outer multiple rate were not more than 3% . The results of the research laid a foundation for the

development of pneumatic precision seed-metering device for bean, and provided a reference for the

research of bean narrow-row and flat-dense planter.

Key words: precision seeding; bean seed-metering device; single seed-metering plate for double-row;
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Fig. 1 Structure diagram of pneumatic precision
seed-metering device with single seed-metering
plate for double-row
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Yok /b — L 2L 1 15 B, R P S ORUHEFL o S B
FOR Y IR BB 2SN 4 ~ S kPas N
SAER AL E R d R W E R EZERER, N
e A AE WL B, RO fL B AR d Ll 4 ~
5mm, R ER 3 AR N K X HER AR 1 5
i B I W 5 d AE 2 8L A, R Al Box — Behnken
KB e E=ZHER =K Exxi k., &K
RHRHWME 1 s,

x1 EHRKD
Tab.1 Factors and coding of experiment
SES
i iy WAL EHAE 2/ A %,/ Tl E R s/
mm kPa (km-h~")
-1 4.0 4.0 8
0 4.5 4.5 10
1 5.0 5.0 12

AR EL 3 WHCFE, EEEEZF
Fifr 2 N S0 Bl 5 A RN A6 32, L Rl AR HEGB/T
6973—2005 Hk (k5 % ) 4 B ML 56 07 125 ) 0 E &
(SN E
3.3 AWERSHF
3.3.1 {maR

R Design-Expert 2 {4 # i) Box — Behnken M
Jo7 T i AT R T RO S BRSO LS AR R
TG RN RAEAR X, X, X O R WAL B AR
L J3E RN R A R A A T K Ty SRR A R
# 2 im o
3.3.2  [IAHCARAL G S AR A

X g 45 R PEAT O 22 B, Wk 3 R, R A
Design-Expert 8. 0. 6. 1 Z¢f4 5 120 46 % 46 47 2 5 Il
A, TR N SR Y, N BTG Y,
SPREIG AR R Y, SRR Y AT R

(1) PR A 232 (] U A A A 7 0 B 25 M A

MR 3 Al AL FE(E B o 0 0.05 A 4514 T, A
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x2 RBAREHER x3 FEHH
Tab.2 Test design scheme and results Tab.3 Variance analysis result
S MR/ %  Sh IR/ % R 2RI F IR B F p WEM
FEo Y X GEGER R R RS BB 624.17 9 58.00  <0.0001 s
: 2 } Y, Y, Y, Y, X, 7. 41 1 6.20 0.0416 =
1 -1 -1 0 8253 1510 82.93 12.93 X, 32.00 1 26.76  0.0013 o
2 I -1 0 8.10 877 8333 493 = 023 1020 0.6719
3 11 0 82.63 5.87 83.63 5.63 X584 ! 4.88 - 0.0628
- o : e : WA XX, 1469 1 1229 0.0099 =«
4 1 1 0 88.03 2.73 86.73 2.17 % X 2618 1 2190 0.0023 s
5 -1 0 -1 86.17 417 8503 3.60 X2 396.17 1 331.33 <0.0001 s
6 1 0 -1 83.20 2.50 82.63 2.77 X2 61.60 1  501.52  0.0002 s
7 -1 0 1 82.60 11.90 83.77 13.77 X3 40.03 1 33.48  0.0007 L
8 1 0 1 87.30  6.97 85.27 3.17 % 8.37 7
r . 1 .07
9 0 -1 -1 90.30 4.87 92.63 5.13 R 6.65 3 5-160.0733
wmE L7124
10 0 1 -1 90.67 1.57 91.07 1.87 R 63254 16
11 0 “1 1 8560 14.07 89.10 10.37 B 36277 9 133.94 <0.0001 =
2 0 1 1 96.20 3.07 96.23  3.40 X, 32.27 1 107.22 <0.0001 %
13 0 0 0  96.67 0.67 98.13  0.53 X,  109.27 1 363.10 <0.0001 s
14 0 0 0  97.73  1.27  97.40  0.83 Xy 6555 1 217.82 <0.0001
X, X %
15 0 0 0 9810 023 9837 1.10 42256 1 851 0.0224
16 0 0 0 97.23  0.97 97.63  0.13 NX 267 ! 8.86  0.0206
’ ’ ’ ’ WG XX, 14.82 1 49.25  0.0002 ..
17 0 0 0 9827 1.13  98.27  0.33 % v 6331 1 21035 <0.0001 s
X 48.27 1 160.39 <0.0001 %=
LA BE AR S 2 (P < 0.01 ), [8] U5 45 78 4 $0) 15 X2 1,50 1 38.21  0.0005 ==
P=0.073 3, KB N A B E PRI 7E AR i 45 mE 2117
BN . Y Sfl 1.43 3 2.79  0.1735
FRIOE B Z . HP R XL P AL oo
ML A HEI (X, X,) B P EPEK T 0.05, %) HE BA 364.87 16
N e e BB 647.35 9 147.76 <0.0001 =
Fh G A6 R B 2w A I 2, S BR 8 25 2R 5 19 |1 e
X, 0.85 1 1.74  0.2291
R Hy X, 1168 1 23.99  0.0018  sx
Y, = —803.28 +310. 21x, +94. 38x, + 1. 92x,x, + oL 2310 01722
, , , XX, 1.8 1 3.74  0.0942
2.56x,%, ~38.80x7 —15.30x2 —0.77%2  (27) smEoH KX 380 1 18 0067 s
3 (27) B0 2R B R B0 AT 2y R s XX, 1892 1 38.87  0.0004  wx
e . IR X2 50416 1  1035.68 <0.0001 ==
B RN R A R A HAS B WAL AR R SE ;
X2 34.42 1 70.71  <0.0001 s
B X2 3402 1 69.89 <0.0001 s
(2) PN Bl T 475 236 ] A 78 g N7 F S 3 1 AR e 3417
o N - R 2.70 3 5.07 0.0755
KU 3 AL AEFEIE o 0.05 HIZPE T LB e

TR AU B 0 B 2 2% (P < 0..01) , [m] I 455 750 5% 4D 00
P =0.173 5, KN A B, U WA A7 AE AR i 15
PRy FE R o HBR A B2 N R 5 59 [ 3Ry
Y, =608.95 - 149. 84x, —124. 43x, +
5.51x; +3.20x,x, —0. 82x,x, — 1. 93w,x, +
15.51x; +13.54x; +0. 411; (28)

i 2o Xk 2 (28 ) (] U1 28 0 A ARG B 45 L, 52 ) A
Ui 478 30 1 F2 U DR 3R Oy L s B A AL
HAE,

(3) SN 5 s A (] YR Y S 57 0 S 25 1 A

MRAER 3 TR FEMEE o 0 0.05 IR F TR,
TS B B 2 & (P < 0..01 ), [l JE 458 750 2 40 33
P =0.0755, KN A B, Ul WA 7778 HAb 52 i 45

B 650.76 16

B 286.36 9 92.59  <0.0001 s
X, 65.55 1 190.75 <0.0001 ==
X, 51.51 1 149.90 <0.0001 s
X, 37.56 1 109.29 <0.0001 ==
X, X, 5.14 1 14.95  0.0062 -
ShERRE X X5 23.85 1 69.39  <0.0001 ==
ES X, X, 3.42 1 9.96  0.0160 *
X2 43.97 1 127.96  <0.0001 ==
X2 28.43 1 82.72  <0.0001  #x
X3 16.95 1 49.34  0.0002 s
B2 2.41 7
XU 1.81 3 4.04  0.1054
1 2% 0. 60 4

M 288.77 16

Hx BRERRBE(P<0.05), s+ HREFWMEE (P <
0.01),
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EAR A S B S HLIY P AR T 0,05, % 4 el

B RS RIS AN 2, B BR S B R Y [l 5 A
i)
Y, = -=910.29 +71.45x, +0. 98x,x, +2. 17x,x, —
43.77x; = 11. 44x; —0.71x; (29)

i 2 Xk 229 ) o] U 28 B A G 96 45, 52 R S e
g ESIVERVNSE N N Ry aN- 1S Uy &
Hito

(4) SN T 15 = [0 U R B S <7 /0 S 25 A

MRAER 3 A ML FEFE o 0 0.05 IR R 1
T P00 5 BE D B 23 (P < 0.01) , [l I 458 780 5 4L I3
P =0.105 4, LN A L, UL H AR i 45

g oY

46
42 A ’-l\“‘“
840 "t g S

(a)

By EER R BIBRA B R 5 0 E Ry
Y, =501.05 - 118. 05x, — 109. 76x, +
6.20x, +4.53x,x, —2. 44x,x, —0. 93w,x, +
12.93x] +10.39x +0. 50 (30)
3 2 (30) 18] U5 28 B i A 4 A5 S, 52 e o
U 1 54 1 U PR R o W AL AR LA B I
B
3.3.3 £ UE 6 R4 B 5 5N 43 A
K W% 4E 35 4 W £L B AR A E o B R S
AT R — 30 K A i A
HAE R 06 B G s 3R B T A R A BE A A
22 F A Bl T 475 2% 52 ) 1) me o7 g v R, e 10 ~ 13
B 7 o

K10 22 B AR X PN R 5 A% SR 52 )

Fig. 10  Effects of interactive factors on inner eligible rate
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Effects of interactive factors on inner missing rate
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I I T AR AR R AR, A5 HE R g AR
PERE T F% .
3.3.4 ML S RIEA R

W B Z A5 ifE GB/T 6973—2005 ( HLpr (45 %)
FER LB AR A ) , 16 A A% 2 KT 46 2 00 Ak i
WL AEWALER R 4 ~5 mm, H25 B2 4 ~ 5 kPa, i
HEHE 8 ~ 12 km/h [y 29 30 5% 4 EAT O Fb oK it o
B AL EAR R 4.5 mm, FL7S R4, 5 kPa, Hij i 3
BESR 10 km/h 19 S 8020 & S50 T A0, 732 45
TSR AR 97.60% , N I8 T4 %k 0. 85% ; 5b
B A A% FE N 97.96% , SN TG F R 0.59%

T g UE AR A 3 B 45 R Y OE A M 7E S I A Y
AT, Lo B 37 KRR il 50 b kAT T 50 TR
I, I E R 10 K BOE I E , 45 R 3R W A 1%
R 97.83% , NIEIHE N 0. 62% ;S5 4
98.24% HMETRIEE K 0.47% . ALLE Fal {5,

4 EEMRE

4.1 FEENMEAE

R T2 SR T s 0 e A RO P IR AL AR
9 4.5 mm, 5B 4.5 kPa, FATRREE 16 em , JI%E
RATHREE N 8 em B 25 AF T, R 8 37 KEL
PEAT T B R B TR I, R I 8 .10 12 14 km/h 4
AR AT I, IR A5 R AN K 4 PR SRR
HPETE 14 km/h ISP SRS HER R T 93% N
SME TR T 5% N SMEE R RN T 2% ,YI6E
R BT EOR

£4 EESHERBER
Tab.4 Results of speed adaptability test

. VA B 17/ %
i 3k 7 &2/ -

ooy VAT N BEEAE E
' ME W R O REE R

8 97.68  0.46 1.86  97.83 0.43 1.74
10 97.91 0. 60 1.49  98.18 0.53 1.29
12 96.36  2.16 1.48  96.67 2.05 1.28
14 93.82 4.82 1.36  94.45 4.46 1.09

4.2 SER IR

Yi 5 N GRS KR B S RO
P AE A 1 A AL, AT SR [R]— HE 25 58 i
A [e] W2 L P I o 28 52 B0 v RS B R AL . S T
2 S HE R AR XA [R) 52 S R 3 R M IR /N
ORISR T AT T HEFP M BRI, AR 2R BRI 2 A
dn B, 0 FEAM B ROSE SR 70, 25 4 A AL B AR
SE DT AR AS TR 90 1) 0 T8 IROSE 2 50080 7 AN TR) I
AL B HE R B 20 47 46 A 3k B PR 5, H AR S 8
5 FroR. X3 A G R, A AT B R R

10 km/h N EA7 50 Uk a5, b AT AR BRI BN
16 cm, RIZEXUATHRIE N 8 om, TR 4 5 IR
SERIE L B R ANER 6 PR .

®5 TERRMIMNERIMMEMERILER

Tab.5 Geometric sizes of beans and seed disk

suction pore diameter mm

CES A A K i JE R RALER
. EBi6 T 6.36  5.68 5.78 4.0
= EZHi18 B 9.16  6.64  5.89 4.5
_ JE#r2010-23  7.29  5.96  5.68 4.0
i JELL 201012 6.80  5.59 5.24 4.0
a1 = 5.14  3.90  3.93 2.5

30

YR 2 B 517  4.02  3.86 2.5

x6 mAENMEINEER
Tab.6 Results of variety adaptability test %

AR

SRR WE WE A SE ShE S
BHEE W TR MR WEE TR
EWi6 5 97.83 0.31 1.89 97.62 0.44 1.94
Wi 18 5 97.38 0.44 2.18 97.53 0.56 1.91
B4 2010 -23  97.31  0.63 2.06 98.23 0.38 1.39
JELT 2010 -12  97.86  0.26 1.88 97.57 0.68 1.75
ekl 5 97.82 0.62 1.56 98.26 0.46 1.28
YELR 2 5 98.06 0.34 1.60 97.84 0.53 1.63

IR 45 RS W% HE b e % B N S A B
AR08 BV, NN S AR R R T 97% , N
SME TR AR/ T 1% N SMEFRE RN T 3% il 2
Pl R 5K

5 &t

(DB GREY AR & HMAELR, 455 <
W CHE RN & 45 5, DI A 5 — b B XU R Ao 48 52 R
KUAT e SR A6 b A HE D 4%, SC B T R AR AT
WHEAEE o BEGR T BT A R ORS R 2
FEEER A TAE R, @ T OGS BN B R,

(2) Me e £L A A% | B0 a5 8 LA i i R R 32
TR K, FIH Box — Behnken ii{# FiE R T =R %K
KA B IR A, B E T iR ILA A o AL B AR
4.5 mm  E25JF 4.5 kPa Ji ok 10 km/h, 35 % 54
SR A AT T WUER S I 25 R R, NI A48
Ny 97.83% , N8 Tk 5h 0. 62% 5 Hh Rl &5
98.24% AME Ts R 0 0.47% o 5045 R EEA
—3.

(3) 2N 1 25 2 HF Tl 485 X o 209 38 1 M, 78 WAL
HAEHN 45 mm H R 4.5 kPa Z0 8T HE4T T 38
FE3E NP, R 25 R R W, 7E 14 km/h Z AT,
W ANES AR KT 93% , N SNETEHE RN T 5% ,
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