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WE BT — RS2 R E B R R AR 008 T HE R A O B R 1 45 4 S8 32 Al Design-Ex-
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1.1 HEFh=S4EHa 5 TIERE

D HERD G 2548 . A A2 P TS B3 b s CHE ol 25 45
A 1 s EE R A ET R s s Bl
ol P A 2EL 0 1] A8 o FL R B Y B L HE b
R MR A AL O SCRTAR ™ B P A ) 2 41
A N S P 1D NN A NN S L =R
LI E B AE T A A . WA 1A ERLIE Y o
7 SR TR P S SR R W T e iR
B A8 A Sy Y Rl £ L Xk R B T8 A T L SR AR S e
A9 T 55 5 o A8 A it b AL 194 ) BT G A AR 52
PRI T3 25 0 B R A 2 iR 22 R B P AR AE
Xt iz gl f R A T R IR

[

Throwing area
A B

A FEHE Front view; B. @M IEl Full section views 1.7 Ff %
Seed tube; 2.1 7 & Front shell; 3.111.> %l Center shaft; 4.7
Seed cavity; 5. 117 & Middle shell; 6./5 7% & Rear shell; 7.5 fill %
21 4 [# 5 % Fixed disc of spiral seed-scoop tube assembly; 8.3 K
i Flexible tape; 9. L B I8 75 Bt Seeding out hole length ad-
justment block; 10.FF % Seed-metering tube; 11.JiKJ# Base; 12,48
Jié 7 #0411 Spiral seed-scoop tube assembly.

Bl EEZmARESMAHEMSBSEARTEE
Fig.1  Structural schematic diagram of rice and wheat
dual-purpose spiral tube scoop type seed metering device
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v A T A1 TR SR 2k 1) S TE AR B Dy 0, S IR B AR
Hd RN p BN no s BERIINL B AR N
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FADD . b 9 B A2k 5 S T R 2 A L 3 45 a5 Ak A
V. HABRED g HA5 1 I [ 92k £ % 4
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Jié E AP 2 B B BN A AR AL HOR S A AR
1 2D)

A EWE Front view; B: ZZLE Lefe view; C: L E Top view;
D: B YEMIE Exploded view.
B2 BEEEMEAGLEME

Fig.2 Structural diagram ofspiral seed-scoop tube assembly
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KEHI a=2c.

TEIBOK R it Ff B A2 7 /N2 SRR A 9023 Sl
MR BEPLIBCHE 100 RL I 5 H: =4l RS, ) 2 495 2R
B, B G M KRR 10.76 mm, A&
9023 P F R BEEHR KME R 7.60 mm., S T 3G i
FLFERIAE A, B ALK T 478 2, 105 B b | A4 b 1) R 7 #8K fE
FEN AL N R A LA AR R B K o =
10.76 mm,M a =11 mm,0 c=4/2=5.5 mm, #
A (5 b 98 f K ME Ol 2.68 mm, KB 9023 Fh T 5K

B e KAE K 3.47 mm, A T /K F& F1 /N 22 Fl 7 35 g
KRN RHENFE A AL B 6=3.47 mm. K {H AP
BHNMFFE S A AL IR BLTEE o R AT
BEMURAE . 75 182 2% I o 5 [n) L, ) B Tié 73 b 4
HMBIELAE K 20 mm , SR Z [ 5 v M18 X 1.5 IR &L,
WE 2C wp Jay &8k K & 7, b PR E 5 91 25
FE A ALY 2 SR E R A 1 B D e e R AU
B R S0/ N T A B0 AT T TR BB A A 1 £ 1 A
H/MEE L R FEZT 1 mm, BIE 2C 4 B fE
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B {30 5 A 242 R 0.5 mm, A .

[16.376/2 V@2 b +
— >1 (2)

(0.5X+/2 —0.5)
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F 3.500 mm=<C6<<4.943 mm, B 6=5 mm, 4L AR
(D ZEH T35 /NIEES L o~ 0,962 mm . J& A 3 J2 5
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KR A%, AR ZEFR IR M 28.45°~40.77°
(FrKR 20% ~ 309, H Ik 6=40.77°, BL 0 =
45°, LA HE A A% HE AP A B R — Bk 140 ~ 260
mm"" % A IR E L R HE ARk R IR L R
foff WL £k it e 7 TR 2C AL IR BT A SF T L G 5
T i £ 3R [ (R0 1) B B R & T KT S BOHE R
AR RO 2k R, HUMR e 4k i L B B AR o, = 164
mm, N EHERN A9 JE R OR R, BB E £ i
TE A FE R 36 mm, A np =36, 1 Asf B E 46 o it
SUTE B 2C AR B Bl 78 7 T b 1) 45 52 o502 0 e 2k 2
[ 5.0 A FE 2 118 mm,
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5 XA AR R O IR BN B=2mn,
BRELAE XOY - I )£ iR i 07 7250
X=(d,/2+nptand)cos(2wn)
{Y:(d1/2+nptan0)sin(27m>
R IRk O 0 E S EURA TR (3) A4 IR IR e 2k
LB
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X =118cos(2mn)
{ )

Y=118sin(2nn)

HY 7 R () AT, R LR Y BB o /DN B BN
X OB Y B/, B 2C IO IR S IR 2 i 48 52
i £ I R T MR E £ A 5 A 408 5 o A5 22 T Y 8 /)
FEEBOR, BMEZHA Y T s, Ha NE
KN s RN B R/ R TEZR AE XOY T B i #5532
MR, BRE SR OAS BEM T, 8% &
B n=0.09,0 p =400 mm,IHf 3=32.4°,

R SNME R 20 mm, Ry R R .
AN BRI R A P R R B AR £ >10 mm,
B =15 mm, AR R LN E T 5 1E 2B
Hhep G Z AT AR T 2 BB R HE Y S AL R OR
KE e=a=11 mm, % /&M 415 FE &5
JE % [ 2 8 i A 010 A o R ) JRE R R R A B
KEE ¢ =15 mm. P EMAEIRIEL 5 ad i B N £k 7
&l 2C Br7s A 4% 52 Ml 2 7E SR E £k 5 0 I TR N4k
18 3 4 AR AU L T 18 R A L T 2 A IR 2
U 193 IR 2 1 12 2 500 5 I 5 7 P A 2 2 AL T
FITAE BB BLAR o, N e (E A8 = 42 RUBCPE N 4
4 ,d, =155.632 mm,

L5 TR A TE A HE TR R E L Y HETE 1 BE 0 =
45° B EHE d, =164 mm M2 p =400 mm. B4
n=0.09; i R INL A K42 =15 mm; BB K
J¥ ¢ =15 mm; & A A 24 % AL 0 130 BT 7E Y AR
d,=155.632 mm,

1.3 HEFh ARG

DR IR B, e B A b O E 9023 fE
i B0 ML RS 22 T R E 5 A CHE D 2 A T
JPS-12 HERb g PEREAS IS &5 (9 3) B dEATIAE

TG T 5 A R O Yk Ol R 2 A AT A i
BN EERA 5 3T IT R0 PR TF O, 8 755 4 ) ol PR 1149 22 93
i (o DR T 3 3K B SRR S Bl 2 ) 2
AR AT S HE A A HE A T T AL B AL
o 7o 5 U A T G IE ] 5 T T A2 0T 56 AR 40 iy gk
R RE R Y W i 3 I Y R Y B Al A A 1
I E I R W P IR e S O VA 7 R P9 R

1.HER 28 Seed metering device; 2.f£8)%% # Transmission device;
3.8 J1%¢ H Power devices 4.4 {l1%% & Oil distribution device; 5.Ff
JRAF Seed bed belt; 6.1 £V 172 # Angle adjustment device; 7.4%
il & Console; 8.%3% % Installation frame.
B3 HBEE
Fig.3 Test device
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il 7RO A S5 R A, OGP Bl ) 3% L R 45 2R
TRAF B I ORAF TR G B B 52 1 1 o5, 5
S G E I 3 IR, 1835 b R 2
HEFf bt e S HE o 25 571 58 B T) — b b LA B R 1Y
A i, SRS R HEA A B AR R ALK
JE VT P, L L S R AL BT I

DR AR . MRIEAR ZE K KPR AL B
BB DKL /NAE SRR A (2 £ D R, 2 BROCHR
RYSCERVESS E N § 1 WY& IR (Ve
PR S BB IEAN 6 b5 T e 5 201050

TEHEFh & 5 T R R 8 TARIRESTS  HEF 4% 1%
SR 250 R ZE A R A0 S IRE Y 7CRE L 7OR B B
OB, MIFER GRS R A HIERE D% 70R H X
FRGHE AR H X 5 28 o TR AKXAT .

n;

=—X 0
A N 100% (5)
n-
D=—X100% (6)
N
H :k—“><1ooV @)
k N 0
= Lh 0
H, N_1><1ooA ®
[2(X,-X)?
S = 9)
n
—ixwoy (10)
a—X 0

X))~ H n, FEFMAKFER —70 3+
L) 7R AE AR Tl /N 22 BF S — (2= 1) KA 7B s
TEAR R K AR R 1 7% 5 k0 A DA F B 7B, 76 3% B /)N
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FEh 1 AR UL BRGNS BT IC sk Y
SNTCE s R 28 OB (R > 1.5 A% BRIS 7R A RIS
2570 s, NI A B 0.5 R HL S VR <UEE <
LOfEHIS R B A 4% 5 X, R4 7CHE s X S /R
HIE A ;S SRR I 2% .

DRI BT, A HERN b A R, T RE R R
ol ] < 7 A a0k 22 B ek e AR R A T AR AL
FE RN T LA AR /N S BT 2 g0 A A it o
AT 3 AU 485 2 e s AN AL BE S KR A B 5 > HE R
1) Je A ARE A, B b T 8 e R oRE S R AR
ANEE K b K AT R N AR O, B R e HE
Fofu g ) 1k i Y DR 3R A HE A i i L A AL
B HEFD 200 RE A R L B X DL b PR 3R R HE A R
Box-Benhnken Design(BBD) 43 # # 47 7K £ #1 /)N 2
F e 7 T T R K S R LR 1,

* 1 FEREHRBE
Table 1 Level coding table for factors

% Factors

WY SEKT X, R/ X, BEHAE, X R
Sowing Coding ( r/min ) ) FLK ¥ /mm
crops level Rotationa Inclination Length of seeding
speed angle out hole
1 45 12 11
JKF& Rice 0 30 6 10
—1 15 0 9
1 60 12 11
/NFZ Wheat 0 45 6 10
—1 30 0 9

2 HEREHSMW

ERAEANEISEZHRE

43590 %) e 22 9 FH SEE B A 2CHE R 25 A0 2K R AN
G R RE IR AT AT I T 15 AR5 A
T A3 AR R 12 AT L3 AN AL IR
HRERMEERME 2 Fin. X, X, X, WHEESGMY
fH . FBFSCRAE 4 FrR,

21

A JKAEIEFD Rice seeding; B:/NEIEF Wheat seeding.
B4 HFMSZIEMHZRE

Fig.4 Seed metering result

M2 8. 75 1.2.5.8. 13 WS KA A
T AT DA R K FE A BRI A 2R 7R )P S 19,20,
28.29 S HALE T i /N FZ R R 22k,
xR 2 A . i2 H Design-Expert 4 53 B7 %X
247 Z2 T I 3 $L G 43 B R0 7 22 43 A 9 i 3 A
R BIHB R HEAT F R 5, 47 % I8 43— K WU —
YR I AR TR AN it J A Y ) 2 LG SO B 3 L DR
TR 48 B MR fe AN B 3 ORI (P B R IR
WO bk, I EF AT F R E . 205 T2 . ) Rk
AN — IR R I A AN B R AR B
T E A AR R G 2 HR R B Ak,
BAZERINE 3 PR,

D AR, XI5 2 0 B 2517 £ 00 1B A 4
G AR BB FOKRE RN B A A R A DL
YE R B 78 1 A Bl A Ay
A =74.98—0.063X, —0.73X,+0.71X; —12.12X, X, —

6.25X,X;—2.22X,X;—1.63X,°—11.36X,°
A, =53.904+0.25X, —28.49X, —2.44X; +3.92X, X, —
5.57X,X;+4.55X,X,+5.28X,°+2.4X,°+4.8X,*
F2 ABEITELER

Table 2 Experimental design and results

7 s

XF 4 T5 A/ D/ H. H, a/

Xl Xz X3

Test  Number % % % % %

name
1 —1 1 0 75.9 13.1 0.8 98.3 11.5
2 —1 0 1 79.2 6.2 2.6 94.7 19.5
3 —1 0 —1 69.1 3.8 7.4 85.4  29.4
4 —1 —1 0 46.7 0.2 12.0 77.0 39.1
5 0 0 0 77.1 9.6 2.4 95.1 17.5
6 0 1 —1 585 314 3.4 932 17.6
7 0 0 0 744 154 0.0 100 9.5
8 0 0 0 76.6 15.6 1.3 97.4 14.6

KA 9 0 1 1 593 379 0.0 100 7.0

Rice 10 0 —1 1 71.6 2.2 4.0 91.9 21.0
11 0 —1 —1 61.9 0.7 7.6 84.7  28.9
12 1 0 1 63.5 235 1.4 96.9 14.2
13 1 0 —1 784 102 0.4 99.2 11.9
14 1 —1 0 739 1.8 6.1 87.7 25.1
15 1 1 0 54.6 39.9 0.6 98.9 10.6
16 0 0 56.8 43.2 0.0 100 10.1
17 0 1 1 36.1 63.9 0.0 11.9 11.9
18 —1 0 1 69.0 30.2 0.8 98.3 17.3
19 0 —1 —1 95.2 2.4 2.4 95.1 19.5
20 1 —1 0 89.9 8.4 1.7 89.9 22.7
21 0 1 —1 31.5 68.5 0.0 100 10.4
22 1 0 —1 70.1 29.5 0.4 99.2  14.9

N 23 —1 1 0 254 74.6 0.0 100  11.9

Wheat 24 1 0 1 53.7 46.3 0.0 100 11.9
25 0 0 0 52.1 45.2 2.7 94.4 20.0
26 —1 0 —1 63.1 352 1.8 96.3 19.1
27 0 0 0 52.8 47.2 0.0 100 9.3
28 0 —1 1 8.6 17.1 1.3 96.9 16.0
29 —1 —1 0 92.6 5.7 1.7 96.6 18.1
30 1 1 0 384 61.6 0.0 100 10.7
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Table 3 Statistical analysis of test results P value
KK X4 Test name PR Origin A D H\ H. a
X, 0.972 5 0.003 5" * 0.028 5" 0.030 9* 0.026 0
X 0.691 2 <0.000 1* * 0.003 2% * 0.003 0" * 0.002 5% *
X 0.696 2 0.064 8 0.069 5 0.070 6 0.082 5
XX, 0.002 6 ** 0.016 4 0.146 3 0.179 9 0.184 8
X1X; 0.044 0 0.185 4 0.140 7 0.133 5 0.211 6
K X2 X 0.400 4 0.512 8 0.954 2 0.953 2 0.764 1
Rice x? 0.545 4 0.120 5 0.160 6 0.168 7 0.137 5
X3 0.004 3" * 0.103 7 0.049 8 0.050 8 0.147 9
X? 0.666 4 0.745 7 0.680 1 0.681 0
#7 Model 0.017 5* 0.001 8" * 0.027 4* 0.028 0* 0.029 1*
P4l Lack of fit 0.056 1 0.498 1 0.297 8 0.322 9 0.489 9
X 0.855 1 0.993 0 0.325 0 0.745 8 0.534 1
X: <0000 1** <0000 1+~ 0.007 5% * 0.006 6* * 0.0077 * *
X; 0.119 8 0.097 7 0.266 8 0.482 2 0.496 1
XX, 0.086 0 0.094 3 0.163 6
XX, 0.029 1* 0.035 3*
/N X2 X 0.056 3 0.052 3 0.481 0
Wheat X? 0.040 1 0.048 3"
X3 0.265 4 0.267 0
X3 0.054 0 0.061 9
AR Model 0.000 2* * 0.000 2* * 0.047 9* 0.044 5* 0.042 4~
I Lack of fit 0.271 1 0.160 9 0.999 6 0.887 7 0.973 5

T % RRTE 5% WEBEEFEXBNA B ELWH, * » XARIE 99% W E(EXE A I EF W, Note: * means significant influence in

95% confidence interval, * * means significant influence in 99% confidence interval.

H1¢ 3 FIAL . e sl AR £ 38 1) 5 TEL 0T AR £
JEE 19 U 75 T X K A A ol A R 2 A 3 B
L AL A 2 1) 52 B 00 K R % -G s 11 5
3 AT A B35 5 BUR AR BE XS /N 22 48 b2 A o
F180 5 W R S 25 SRR LA R 114 28 LI, B Y
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Seeding performance of seed metering device with
spiral tube scooping for rice and wheat

MEI Zhixiong, XIA Junfang,ZHANG Jumin,DU Jun, YANG Quanjun,
HU Mengjie, LUO Shuangcheng, LIU Zhengyuan, LI Zhiyi

College of Engineering /Ministry of Agriculture and Rural Affair Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River , Huazhong Agricultural University sWuhan 430070,China

Abstract A seed metering device with spiral tube scooping for rice and wheat was designed to im-
prove the utilization rate of planting equipment in the middle and lower reaches of the Yangtze River and
realize the dual-purpose sowing of rice and wheat. The seed metering device uses a spiral seed-scoop tube
assembly to take a certain amount of seeds. The structural parameters of the key components of the seed
metering device are determined. The Design-Expert software was used to analyze data and obtain the op-
timal parameter combination. The response surface test plan was adopted to carry out the bench verifica-
tion test. The theoretical results showed that the qualified rate, the reseeding rate, the no seeding rate,
the qualified rate of hole distance and the variation coefficient of hole distance was 81.3%,2.8%,2.5%,
94.8% and 17.4% when the rice was sown on the 45 r/min rotational speed, 3° inclination angle and
9 mm the length of seeding out hole. The qualified rate,the reseeding rate,the no seeding rate,the quali-
fied rate of hole distance,and the variation coefficient of hole distance was 98.2%6,0.2%,1.6%,93.3%
and 18.3% when sowing wheat on the 60 r/min rotational speed,1° inclination angle and 9 mm length of
seeding out hole. The results of bench test showed that the seeding device can meet the agronomic re-
quirements of rice and wheat sowing under certain conditions. , The qualified rate,the reseeding rate,the
no seeding rate, the qualified rate of hole distance, and the variation coefficient of hole distance was
78.2%,3.7%,1.0%,97.9% ,and 16.2% when sowing rice on 45 r/min rotational speed,3° inclination an-
gle and 9 mm length of seeding out hole. The qualified rate, the reseeding rate, the no seeding rate, the
qualified rate of hole distance and the variation coefficient of hole distance was 93.4%,3.4%.,3.2%.,
93.6% ,and 25.5% when sowing wheat on 60 r/min rotational speed,1° inclination angle and 9 mm
length of seeding out hole. The test results are basically consistent with the theoretical results obtained
from software analyses. It will provide a reference for the designing rice and wheat dual-use planters.

Keywords farm machinery; seeder; dual purpose seed-metering device; scoop seed type; spiral

tube; rice-wheat dual-purpose
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