2017411 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi %48 % 5B 11 M

doi:10.6041/j. issn. 1000-1298.2017. 11. 007

EHEESMZREMIIZITSINE

£ B FRAY KRR X O # FEA
(LR E RO K2 T2, Jbs 100083 2. VT 44 SR I3 A 15 A B R BB b, BT 212013
3. R R T2, 4 230036)

FEE : BEXTAAC T R~ P A IX /N 22 A S oK AT o s R B o) RS T 38 3 2 b G s | O 45 [ AL, )T IR 7%
e b MY LATE J L RS AT DU B 2, Beat T — RS A5 B 5 /D S AR FBL, AT — Uk S BT 2 ST OE (B L
BERAT RS AR o T BE T SR I %o i W e 46 41k 97 5 3 A 40 32 3l 2 A 0 2 T Wi W ks B i R R E
0.52 m, ZKFJ5 [ e RALAE O 0. 79 m, FFBE 1 AR B0 002 B 2 5005 30 3 P8 R T e 10 32 20 i 3 1 55 K P O i e M
35° 43 AR 8] ) BE B 0 SO mm . 7l b KM X 0 0 BEAT T R AL I A U8R, A5 R SR - IE SR HE P B RE A A -
FAT , i GG AT ARAETE 280 PR B BFOR RSB 7E 148 ~ 152 mm N BRIR TR B ME R ECN 95.5% , Z DhREATE R i A &
29209 5.3% ,HLHSE 2 Pk REAF A [ 5 bR M (GB/T 20865—2007 ) ZE3R 5 ML A Il J5 5 FF 8L 5 47292 1,07 kg/m”, 34
FUAE Ml F RS FT 3 25 BE 09 80% 5 BE R AR E TE 30 ~ 35 mm B IR G A A  91. 1% , ARl i B i 98 N 10 em x 25 em 4
FENE N 22 Bl i A2 RE 7 29 ~ 30 B0 AT AR EE K .

KB FEATBLAE; W oICR s AN s WU A s et

FhE 4 ES . S222.22 XEEARIRAD: A X E %S : 1000-1298(2017)11-0052-08

Design and Experiment on Straw Post-covering Wheat Planter

NIU Qi'*  WANG Qingjie'> CHEN Liging’ LI Hongwen'?> HE Jin'® LI Wenying'”’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Jiangsu Province Synergistic Innovation Center of Modern Agricultural Equipment and Technology, Zhenjiang 212013, China
3. School of Engineering , Anhui Agricultural University, Hefei 230036, China)

Abstract; In the wheat-maize rotation area of North China Plain, it is widely recognized that there are
some problems in the wheat broadcast sowing under the condition of the maize straw mulching, such as
straw blockage and wheat seeds planted on the maize straw. In order to solve these problems, taking
advantage of the soil-thrown model of down-cut rotation tillage to form soil and straw sequential cover, a
straw post-covering wheat planter was designed, which could implement the following function at one
time ; rotary tillage, uniform-broadcast sowing, anti-blocking, covering soil and straw and compacting.
The planter included the following nine parts: suspension frame, gearbox, rotary tillage device, soil-
oriented plate, seed-dividing device, soil-straw separation device, multifunctional ground wheel, frame,
seeding device, and so on. The layout of rotary blades was symmetrical helix arrangement, and the
maximum height of the thrown granule was calculated as 0. 52 m, the maximum displace in the horizontal
direction was 0. 79 m, and the position parameters of the soil-oriented plate were determined. By means
of the performance test, it was preferable that the distance between the seeding-dividing device and the
horizontal direction was 35° and the distance between the seed-dividing plates was 50 mm. The planter
field experiment was conducted in Zhuozhou Experimental Station of Hebei Province, China. And the
results indicated that the down-cut rotary tiller could effectively throw the soil and straw and avoid maize
straw blockage. The depth of tillage was around 148 ~ 152 mm, the stability coefficient of tillage depth
was 95.5% , slip rate of multi-function walking wheel was about 5. 3% , the passing ability of the planter

was good and the performance can meet national standards; the weights of maize straw was 1.07 kg/m’
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after sowing, which can reach 80% of straw amount before sowing; the depth of sowing was around 30 ~

35 mm, sowing pass rate was 91.1% , the mean number of wheat seeds in the rectangular frame of

10 cm x 25 cm in different positions was around 29 ~30, which met the agronomic requirements.

Key words: straw mulching; uniform-broadcast sowing; wheat; ordinal overage; rotary tillage
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Tab.1 Main structural parameters of straw

post-covering wheat planter
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Fig.2 Inversion of rotary blades

2.2 SIWMERIHEIBEE
2.2.1  JEHHL L RS FRIE 24

BERE TIAE L B, 9 U0 T 1 4 62 52 B D) 855 )
Ja R BT s, E R B R R AT A S AR
O3 I B ST AR R G M - RS R, R i
Xof T BB RS 1) Rt (R SRS AT ) i ATz s A b, AT
LD e S o e W& R LD VA
SCHR [ 14 Ay i 3 U0 ) 2% 40 5 0 2 w90 ) ko i
BF, N 2% R B 0 IE U0 1S RS A L R AR
PRI 25 T #F 70 LA YD A R oo VDI B R SRy o, 0 I
KL MBS, ST B P kL R e bR R ONMT, A &L 3 T
735, VLR B AR X R B 1) 3% 1] 43t 5 D) ) A3 AE
Tolf: 42 J 0l 428 A B 491 O 3R A3 Sl

Vs, Vs,

=——=k (3)
v, v,sina
Uy, _ Vs, —1-f (4)
v, v,cosa

A v, — R )G PPRHE 1) 73 U, m/s
vy, —REFE AT A 1) 70 3, m/s

k——1 kb S R H, 0. 4

ill 48 /5 D) 1] 43 R m/s
il 48 A7 0 V) 1) 43 TR, m/ s
S BRI B %,y 0.5

Uy,

vlr

)
B3 ek o i
Fig.3  Velocity analysis of thrown granule
LYt T X 1R 2. RESHEL L 3. et

1115 UT I L v, (89 73 50 50 0 o Ly T 1) B R I
[a] 14 5%, % (D) oo 15

1



RS FEATE B /D Z A LB S 55

11
v, :% =v, —wRsin(wt)
(5)
dy
v, =— =wRcos(wt)
dt
AT A5 E ) RE
v, = «/vi +1jf = ./v. =20, wRsin(wt) +w’R* =
wR\/1+)\12—icos(a)t) (6)

Yokt M gOied 10 T s BT s sl £
ANDR S kS OB S R M i B T )
(32 S UL , A8 T B : O R M AR I, K
5[] VARG A3 J5 0 6E MORE XS B2 A 1) 1) 43 Sk A E A
BILHIT 2 1Y) 2 i 732 1Y) 246 %) 3 B 02 8, % U ) DA ilE
TSR MR X B RE k) Ay i B, QYR M
18 B — A S i 2, HLs R R 2R .
QFTRFSE 19 Y1k M 32 3 55 R 4B Y kL I8 B T
DA Ty o WA YE M 1523 5 7N

%y =%, + (v, — v, )1,
1, (7)
Yo =¥1 F st _?gto
b (o,y) — YR M W ER AL E Q, 1Y AL bR
g——H TR B, HL 9. 8 m/s’
to—— W R M A5 SR IRFIE] s

XF 2 (7) & F I ) 3R — B 2 Khon] 45 99 oKk M

18 3 B 05 R h
{”ox —9.c0 =v, —v, (3)
Vo, = ¥o =0y, = &ly

THERZC(T) 8 ¢, AP M) J5 72

2

X, — X 1 X, — X
Yo =Y1 Ty, : l X ( : 1) (9)
Uy =V

H130(9) AT M Bl 4l - 3 BORE /Y B0 38 8 4
2 ACABUE AT A3 4L 4 J R A 052 m, JKFJ7
T e RA2AE 2 0. 79 m,
2.2.2 Fh M ESHOE

HISCHR [ 16 — 17 JRUIESE IV it 72 op iR 29
iz AR W KT 2 2 PR R B R
I 3 ARG T AR X o 5 D) 4 A 19 s B 01 8% 2K
e Fsf e A9 0 4 S 1 o RS AT A B HLRR
SRS S G SR NSRS RN P
G AR TR W o B 2 v A LR ARAIE £l Y
B A — A IO S R T AR BRI
LABEAF T4 [0l e rprts O g AR AR A A, X il I 1) A
BLAL G HE 5 16— 2, Y b BT 1) 3 ) b, i Sr et
PE M AE SR AR B R OXY, A 4 TR
B BT O L 5K D5 1 O B, 3
LM ERAR AL P A X T Al ] e Rt O B 0L B S By

Vyr = U,

WAL B e RZ B R E S LS, b
HZ B kL2 S B ¢ D9 TR TE B Y R s B L
B, QT WAL UL 9 W) 46 67 B, A AR N ()
Q, 0 2 B URE 1 90 40 A2 B, A AR (%,,y,) 5 Qs
R R 2 AL R B ) 0 7 A AR A (s 5 ) o

v, //,_Y\
///A\\\

/// //’lg\\?\< G
[
7/

R ATAR
1 a b 2 c 3 4
B4 B MURLPLE 5 5 AR s T

Fig.4 Schematic diagram of thrown granule track

A

and installation site of soil-oriented plate

LR B 2. 0P 3. AR 4wt

MR BT R R HE g 25 ~ 40 mm , JUJ ) £
HEA 25% ~30% B9 9 - 3 SORE B 98 A i@ 1
T, HR R R AT A S 5 ARG 7R
JIHERIT v I3 2 o OB )RR O 30 mm B, B g
it HERIORE S (x,,y, ) A6 8 AT A A, BB+
KL S U Y Rl AT R T A T AR B
NERS L TSI Boe DR UF o S VA 29 N R e ok & 901
AN L AR A A DA

2

‘yx+& =11 +Ising!
2g !
t;
x, +112x?" ‘ =11, +lcosBl (10)
sz},
g

b (ag,y) — 80 kL S VI IR A7 B 1 A bR, Ry
(-131.5 mm, -181.5 mm)
o, —— AR S BT HEEAE XY 1Y
Arae, R 2.68.1.26 m/s
t,—— 0 kL S RS iz S RIS TE] s
(L,,1)— S LB A P YA AR
FRABE TS5 W TokL S 7225 iz sl [a] 4
0.26 s, + )&% 0y 30 mm b, 5 L AACERAR AL P AR
WA (=-301.15 mm, —81.42 mm) ,FHEKE I K
200 mm, 557K 77 [a] (9 2 £ O 3200 T B4 URE
18 SR I £k S AR TE D R M o i
I3 2ok A A A U 7 2 AR A S5 AL Y RS
Or BEREE b, L HERIORE U 5 T A AT AR 1] B2 rp %
TEAZ Tl b, RS A1 — 4 38 Uy 8 i i 5 =X
2.3 HMEER
2.3.1 HERR R R
AT A A 26 2200 AR B R U R R A ) i



56 & ol HLOM ¥ R

2017 4

SL H AR B N 2 WO IS R ) O\ B A o
A ) 45 1 58 J7 ), 2 1w 45 496 AR T 1) o A 5
HERh a8 25k HEAD & HEFR G R SS PHZEE S AN,
[MTRE P 1 D 1 BE AR 5 % S i s HE s B HERR 5
HERE— 5 R Z R0 T RN RAME i s o
S TE R B S HHORE L AE H R AR 4G HE R 0y AL L
Bt 5 Ul K Bl i Al S HE R PR B RS T X
— A3 AR E R I T A X T SRR S R A 0PI
() B, HlE i A s Pl R 5 R B A s L, 0
IR R A 5 A R A S AR B L, AT AR UEAS
[F) g T 22 T ) R 2T Vo G TURE BT DT IR Sy [
ST, MRS A2 2 6 mm , A 56 5 R A 48 1 R 5K
1ok 12 W8R5E f R 120,
2.3.2  HEFRE B S E
HHE /N ZORFEFH R Q, 2 300 ~ 420 kg/hm® ,
HERR R QB 5 Al AR E SR A HE A R AR )
MR ER d R
wDbQ, (1 +8)
10i
K L— WA TA/ERKE, cm
y—iﬁ%ﬁ , 4 0.82 g/cm3
o, —— 7 I 75 2R 50, B 0. 048
i Bl 2R R AL 0.3
D—Z YR T ER HAR, N 0.48 m
b——F3 R RS AL XS L % FE , 0 0.32 m
S— AT BRI R R AL, HL 0. 03 ~0.07
HeF R 4e 5 2 i Re T E R L8 I,
1.2
B BEMARAL (1) AT
12.48 m’ <dL<15.36 m’ (12)
i — i A BRI mHE R S S E
FE et /N2 BN 22 A A5 3, I 36 mm 5 T A AR A &5 L
VER BE 3 /N2 BB Rl F- 378 3, B 36 ~ 42 mm, M TTT 75
HOEHER R Q0 11.33 ~ 13.22 g/v, FFM4E JB/T
9783—1999 (&P AL A1 Al 48 HE Fir 2 ) v 9 3 538 Ty ¥k
XoF HE A et — SO AN R A S AT 0 e A A
200U R A8 HE b BILAS) HE b 2 28 78 B2 HE b i 1) 3
W, S HER B R R BN 1.22% |, F S il i
I 0.20% , ¥ R EARBOR
2.4 HHMEE
FFRRL A AT HOREEE, S T AN E = A
SrFP e E ARG FR RS B 22 R A TR R B A & 0
M AT B (] 4 50 43, Y R D SR ) SR
A 10 ~15 mm Fy[E R, DABG 385 JE 3 Flv Oy, n (&l 5
FI7R o 43 2 B SR FH 3 38 e 22 4 AN A, P 3% TR R
JE/NT 12,5 pm , S3 FARJEE SN 1 mm,

wdly (o, + k) = (11)

K

i

() IETHIHLE (b) PRI
Bs5 srfpELSEMSERER
Fig.5 Structure parameter diagrams of seed-dividing device

Lgmhes 2. 70 Fde 3. %A 0

AR AT S5 B HE Bl Q, T A A 23 Bl
WEM ARG 0,0 9.06 ~10.58 g/s, i 1£ 2 Ff
i —E WA PE R, 25 20 R ] 9 Y AL Ay il
B KI5 ) B A6 2 5 R o3 B RE A OC B [N
Ko ALY 0K, M0 HUSCR 225 AL Y 6 3/,
TR A, B B EE JE 1 SR B W A5 B B4
DRI 0 6F 3 b 23 B AR A7 Fof P E £ 2R, AT
SE e HE Y M E] (] AL RIS AR 0,

HiSCHR[ 20 ] 0, & K RAE 12% ~ 13% 1) & Bl
RIEAA 0 27° ~ 38°, L5 B A 1] 1) T Bl JEE 452 A Oy 22° ~
24T 53 P e B 5 K V- 5 S A OR T2 B A AR AR
Ak S IE, A TR UE Bl 9% R B9 0T 1 e M 6 oy
B 30°.35°,40° 5 1 7 Ff e E A KK —E
A 8] 18] AL AT 45 58 2 23 A K, 20 B BB 5.6
TR IR R A 0,08 10 g/s, JEAT HE A K
HARE LB 2 T REATE S 560 5 18 )5 25 70 P e
5 JE N D0 B oy b ¥ 2 Pk AR S AR R (o B R HE
22 Tob Jo 14 A o 22 o8 3 B0 B ) S B S8
Ao

IR A A B TP 2 B RON 5 .6 M I 2R H B
YEIE MAE 7 K5 ,30°.35° 0 M A5 AF T 0l BL T
JEMERRESEIE B G o NI 6 Al & ) 23 i b 2] 1A
St 2% RO 23 o AR B oI A 19 A A B 2R T
(HE /R I , RIS B 6 % Al O 35°, 73 il
Yoty o B RN B A e ffad K v

~_
% } 30
6 or RSP AR S AR B O B ARORS B S5 A T
Fig.6 Relationship surfaces among variable coefficient of
seed-dividing homogeneity and number of seed-dividing

plate as well as angle



5 113

RS FEATE B /D Z A LB S 57

W , o3 BloAR A R T [ A RS 22 M ST BT, 2 4R
HRLE 73 i 25 B T IR AR 5 AR RO 22 e A
W, Z R AT, A ZE AR . NI,
DUk o0 Fh 2 B 5 KV J [ Je 1 0 O 35°, ks B
6 #% , Bl 4% 3 R Al (] A9 BE S AL O 50 mm

3 HiEHRE

3.1 RAwm&EHG
T3 AT I 4 5 /0 22 6 A AL F 1) 3056 2 3l T 2015

AF 10 A K \2016 4F 11 A g1 £ L 45 BN T AR s
BL(115°56"E,39°28"N) Hf [E 4l K= 3 55 0 8 AT o
TR T FE AR O K HLICS SR RS AR 58
B — 3, R AT 24 23 il e, DD BT 4 B/ T (4
F)150 mmo FEFF  HIEAAFNRL 2 Fron . XK
LR TEIR 754 Fea 4G R, Ao B 1.2 m/s i
WahFP oy & B 9 5 P ROR KOy 40 L, TR0 R
41 g, 7Y 826 g/Lo [ 7 Ak AP AL H E] 46 A i 5
L AR Ml iy b 2 A6 L 15 L o

F2 WM EY

Tab.2 Experiment conditions

ey MEAK BAEEN KR % R 9L/ MPa

- /% (kgem~?) 0~10 cm 10 ~20 cm 20 ~30 cm 0~10 cm 10 ~20 cm 20 ~30 cm
2015 17.2 1.36 11.2 9.8 0.97 3.62 4.11
2016 16. 8 1.27 12.3 10.2 0.92 2.98 3.56

20154F 20154

20164F 20164F

(a) HLE AT (b) ARl AT M A 1l
BT S R
Fig.7 Field experiments of seeding
3.2 RKEAE
R4 GB/T 20865—2007 {4 #f it AL 4% Fh AL )
JB/T 8401. 1—96 (JiE #f 10k G A1 ol B 4k i it JIES 5
FPHLY AT NY/T 1143—2006 45 Fh #5537 4 £2 R
T ) X RS FF 5 B 35 /0 22 W LR AT 0K o a6
PR 3 A B B R A B R RS AT A
T R R AL R R A
HLFAF .SC =900 7+ 38 B 5T B 4X  SM — 3 HUIK 431
SEAL IR ITALE (2R 100 em® ) BRE R R,
3.2.1 JEHRE
PR 5 BF B R T R BRI Ok R AL e R it . A
FABFER ROV AL A 2E 5 ) B 2 m 2 A 45 Dl o —
A BRUAT AR IR 25 A5, EAE 3 k. BRI
H

a,= — (13)

5 J AT BRI BRI (E , em

R

aj; B AT A SRR, cm
n, 55 7 AT AR R E R, O 25

PHRRUE MRS U N

U . -1
i~ - a,

3.2.2 EMafifsil

16 P R 2 R 1) 1) o0 A1 O o 3% B L
PRk IS , FIHT 10 em x 25 em {49 AE 35 L Bif 2E 07
T 3B 2 m 0 W 5 P AS ] A7 8 2 ol Al b e B
BRRATARRM 25 f, MK 3 AT RE , L i 22 Al 1] L9
[ 73 AR BT I I S R R IR L A R A
SRR 0y

cjwlmq (15
—NX 4 )

jxum% (14)

t

L C—— /IR AR, %
N — 5 I8 2 it A SR 3 4
N, —— S0 5 5
3.2.3 FifFE S
FERVENG , R 1 m x 1 m )5 HE W HLEL B
J7 1 AR 5 m 0 E W B P A [ 7 R R T O SR
UATREN 5 53, ik 3 TR
3.2.4 W%
1E 2 Y1 REAT A H b ABCEE AR, TN ik 4% Fh AL A
i A AT R e 2h 20 B S B R BE RS 0 i S
AT REBOCE- I ME , [9) B AR 4R 1758 46 2F 42 T 5 e i
HERE RS W %
S -20%D
20mD

x 100% (16)



58 & A Bl B ¥ i

2017 4

Aof S—— SRR AT B A B, m
3.2.5  BLAGE M

W AL 7E 4 BE R OK RS AR OE HOF 3 21
80 m, K5 3 UK, FEAR 7R PN B R 5 A B S8 (A
— YR IS IE LB
3.3 KBERE5HF

LA AR B0 T B 24 800 m” , 78 W 4 3 WK % 4%
fEll 80 m (g K, ok ) BURS FF % 9 2 + 42 4
g S R UL Rl TG A - X R, ML s
PNl R B R TR B 3y s W A U
HNERERALIERE S BN 3 R, R B R
7 148 ~ 152 mm N, BB E 76 30 ~35 mm N, #
Tl 16 431 0 0 4 8.9 T

F3 FEMEBEERNKLER

Tab.3 Experiment results of main performance indicators
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