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a. Front view of planter
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b. Structure diagram of planter’s working components
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1.Three point linkage 2.Frame 3.Depth roller 4.Double wings ditch opener
5.Rotary blade axis 6.Transmission assembly 7.Rotary blade 8.Road wheel
9.Seed and fertilizer adjusting handwheel 10.Seed-metering device 11.Fertilizer
apparatus  12.Side drive device 13.Soil retaining plate 14.Double-disk opener
15.Chain cover 16.Strut  17.Strut spring 18. Elastic covering scraper

B SRR Y SR AL A 1 B
Fig.1 Structure figure of width and precision minimal tillage
wheat planter in rice stubble field
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Table 1 Main structural parameters of width and precision
minimal tillage wheat planter in rice stubble field
£ FK Name H{H Value

RS (KxTixes
PRI (ot xiii) 2 100x1 900x1 300
Overall dimension/mmxmmxmm

WL & Total weight/Kg 750
fic#5h J) Matched power/kW 51
J&FE 9% Seeding belt width/mm 80
YR 5 1% Working width/mm 1 600
Fh-F4H 751 Seed box volume/L 80
AEFLFE 28 Fertilizer box volume/L 80
M4 B /% Road wheel diameter/mm 440
HAC AL TE R 110
Width of road wheel flange/mm
VA EE ff Trend wall angle/(°) 60
i1 ff1 Plow blade angle/(°) 30
WIEH TS 60
Starting angle of straight line/(°)
= ZNVI= Fi 40
Minimum angle of straight line/(°)
e KIeLk 70
Maximal angle of straight line/(°)
A LB ff Buried clearance angle/(°) 15
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B AR S5 B, B 240 mm; b A T8, mms A 9 FFVATREE, B 180 mm;
1A TIEAER T, mm; o AL RV R, mm; H A BUAZ
mm; LI, mm; 6 Y RVARIGEES, 6=60°,

Note: B represents width of groove surface, 240 mm; b represents width of ditch,

mm; 4 represents depth of ditch, 180 mm; / represents distance of ridge line, mm;

a represents distance between ridge top and ditch bottom, mm; H represents
depth of top line, mm; L represents width of plough body surface, mm; o
represents trend wall angle of ditch, 6=60°.
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Fig.2 Front view of ditch opener surface
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L=(+2a-cotd)n,

B=b+2h-cot, (D
l=b+2a-cotd,
H =13a.

i B W G, 240 mm; b AVHETEE, mm; h
KRS, B 180 mm; [ LHEALEE S, mm; a N
L BT B VAR IR B, mm; H O THAZ S S, mm; 54
IV VA RE S, 0=60°5 L AN BEE, mm; n 452,
B on=1.2,

KRB H=345 mm, ¢=265 mm, L=403 mm,
/=336 mm, b=32 mm.
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b. Coordinates of guide curve
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a. Spatial coordinates of ditch opener

e T xzo N RA R T xi0120 KA S iR ELBUCE, mm;
7 RRIER z RIS, (O)s o MIZHA z RIS, () w AEETTF
WAL, y=15% & NHERTFHMSIGE LS, =305 y0 WK
HIIARTCE S, 90=60°-

Note: Surface xzo represents middle surface of ditch; Surface x,0,z represents
trench wall surface; S represents length of head straight line of guide curve, mm;
y, represents angle of straight line when depth is z, (°); a.represents plow blade
angle when depth is z, (°); y represents buried clearance angle of ditch opener,
w=15°; ¢ represents plow blade angle of ditch opener, £=30°; y, represents
starting angle of straight line of plow surface, y,=40°.

B3 Ak m AT R ALARE
Fig.3 Diagram of coordinates of plough body surface and guide
curve
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i BRI, AT TV 28 AT 8 A B (R R b
W IETE . AP MTRENFFH 3 AP, B4k 08
2 350 mm, TIEHHEREEEER] 65.6%, MNP LK
SYIIZER, fRYT AR E, [R A 2] T D HE
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Fig.4 Diagram of arrangement of rotary blades
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FM R RSO R E P, B IR A SRS B R A A O
TEE, BRI TEARAN RAT 5 /NZE M IR TR RS AR IE Y

BEVH IR RALE — AN B IR AT — iR 7o TR T
TERA KA, HRAH 4mm, KELAN 7mm, K,
BEIR AR Bk A A 2, A4 1158 2 5 mm, K804 8 mm,
PEIRVRIE 5 mm. BFHREE HARIESE 55 mm, [ E— &l F
B3 A 14 ANEIR . SR BURE R AR e, SR TAR
B3 MR P AU 5 A A . N IR AR RO 187.5~

450 kg/hm?.
TAE B R HE 5 2 50
yp 21080z, -d-c (8)
n-D-k

Kb M HER R, kg/hm?; z, AAEEILE, B z=2; d J/D
FTRRE, Wd=372g; c N TAFEIRE %, D hithie
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MRNFEM =R (8) , A RFE TAEBTIR B %k
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KAV B IR FE R TEf 140,
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FERII WA, S wE R .

2.3.2 HAFBRMAHARE

FRPESCHR[21], $80E B IR FE sCHERP 28 O HERP— S0 A0
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W/NERFRIERZ N 8 ki, SFSHER R E -2, &%
DR 6 ki, DT RSHERRI L, RIHERP SRR
Wi ZIHE 1 R/NERT, AWK RS
IR, (HELBIEN, Fra b 8B N3 15 AN REATHER
IR, AR 6.25%. REMIEGE KN 80 mm, /ol
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2 HEFhERHERRY S AR IR SRR RE 1t
Table 2 Seeding uniformity and width stability of metering device

k2 7 AP Count segment T b A5 RK
Name Row 1 2 3 4 5 6 7 8 9 10 Mean Standard deviation Variable coefficient/%
1 8 8 7 8 8 7 6 7 8 8
Firy it 2 8 7 8 8 7 7 8 8 7 8 7.5 0.63 8.4
Seed numbers
3 8 7 7 8 8 6 7 8 8 7
1 71 74 78 8 75 78 74 77 70 76
TR 58
Width of seeds belt/mm 2 76 72 74 75 78 78 70 68 70 78 74.6 3.23 4.3
3 77 74 79 76 71 73 78 73 75 70
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FH T FIOOUIR B8 TV 2 ANl i T SE VA I Bk, 0
BT — PR A XA BT 2%, BETT H L 58 0 B 1)
80 mm iAo AR X A TV 2% T4 5 B A (BT 1,
TRV e B S A HAT . RIS AU 7K EAR I A 0 3 i
EIFSi S

e= D, (1-sina)sin(p/2). 9

P e WIS IFAE, mm; DA REHS, mm; a
NEBEER RS A EARIIRSA, () o HIEBLEIAA, ().

MRPEARUE CEPIREPIHRRA S T4 ) EFEEEN
350 mm (R, BIAR S SKTEAE N 252, AR (9
14 9=46.6°, FPRUFFFIETEE, T p=47°,
2.5 FBELRANZIT

e KB KRG HE AR RPN ZZ I, ANTRE RS, A
FRFERTLLR ZE, HX = mm H N, 5 A R fe
EACREAE AN RS 1, iR . Bk, %
W T —MiEshE bR, B, R, S, E
Prugae B IR B R i, Wi 5 Brs. A ERER 3
RGP, P B ER AR, BT DUBOIRE A
3mm, FEREA 250 mm. A RE—U R, 8 AR BE
A KNG R 1 LRAEHRCE 1| NMFshE
BRI, Betl b3 2ege 3 ANE AR

LA AR 2.8 LofdE 35800 4SERIRRE SBURIRR
1.Covering scraper 2.Spring 3.Shaft 4.Positioning bolt 5.Locknut
Hs5 ¥HhEBLHTER
Fig.5 Diagram of elastic covering scraper
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2014 4F 11 AAEIA0 8 AR 7 s PR B A AT T
Tt RN 2RSS . R 2K TTE, K 100 m, 5
30 m, KREFEFATIE N 15 em, T 8 HHABGERAKRE, K
IKH o FR TN A A 4 ) 55 RN 53%, WA N

212 cm, {F 0~10 cm. 10~20 cm A1 20~30 cm ¥4 )% 4k
T B KR 30.48%. 26.23%F1 21.64%, ZEE4 )
b 1.084 1.32 A1 1.57 g/em®, 1352 3 )4 0.59+ 1.68
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JERCBRAE A AR A R A R A= SM-3 - H 37K 50 &
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B B BN R

B 6 Witk

Fig.6 Field experiment of sowing
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FAS R ATE 20 Bl PR 2 . I 4 NMTRERRTEE
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W)

mzﬂ%&nm%o (1D

A Wj"]?’%%Z%’ %; s ANLESEERRTHERE S, m; s, A
HLEBEHTERE 25, m.

4) VFE)E TGRS 1 RE

IRIGFAT 2 PPEURACFE. — & KA ah i H AU
INZZ DR REROALRE R, ARG VT 2078 B s R
FHTAESE R A 1 600 mm [F)/NZ2 S SRR, SR )5 F A
JREE M . A AEAN AT FEN SN LE AT 50 m 578+
BRI A (PR B L, A 3 IRECEIAME, LOKGRE
TAEEAE VPO 2 B LB E R PR RE.

5) HUHE

PLEAZ I A BE R, ML AR
e IR IEH AR, DS HLESE R IR, g2
PRV JE MR (P P38 %, A W B, A M
AL .
3.2 RBWERELH
.2.1 mAKE

I SE G » % BT IR B IG5 v25 23 S0l U 2 A VA TR0V
T8 B VARG 5 BEAURTVANRE , AR s 03 3 P

x3 HBENRLE

Table 3  Testing results for cross-sectional of ditch
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Design and experiment of broad width and precision minimal tillage
wheat planter in rice stubble field

Hu Hong’, Li Hongwen', Li Chuanyou?, Wang Qingjie'™, He Jin, Li Wenying!, Zhang Xiangcai'
(1. College of Engineering, China Agricultural University, Beijing 100083, China,
2. Beijing Agricultural Machinery Testing and Extension Station, Beijing 100079, China)

Abstract: Lacking of suitable machinery and heavy blocking are the major constraints for directly drilling wheat seed in rice
stubble field due to the heavy straw load and heavy soil in rice-wheat cropping system in the middle and lower reaches of the
Yangtze River region. Therefore, most farmers are reluctant to plant wheat in winter and a large number of croplands are idled.
In order to solve the blocking problem in rice-wheat cropping system in the middle and lower reaches of the Yangtze River
region, in view of meeting the agronomic requirements of opening ditch and reducing soil adhesion when sowing wheat in rice
stubble field, a new anti-blocking method was proposed, which combined “seed-fertilizer-seed” broad width and precision
planting mode with strip rotary tillage, and a broad width and precision minimal-tillage wheat planter was developed, which
integrated the strip rotary tillage and broad width and precision seeding functions, and could finish ditch opening, strip rotary
tillage, side deep fertilizing, broad width and precision seeding, and covering and compacting soil in the same run. Besides, the
design and optimization for the key components were done, including double-wing ditch opener, double-shaft spiral indent
roller seed-metering device and floating covering scraper. The stubbles among seed-fertilizer belts were cut and mixed with
soil, and double-wing ditch openers dug the drainage ditch at the same time. The mean width of seed-fertilizer belts was 338
mm, in which 2 rows of seed and one row of fertilizer were set. The floating covering scraper was little wider than the
seed-fertilizer belt, and when covering seeds and compacting soil in seed-fertilizer belts, it made ensure that there was good
contact between seeds and soil. To evaluate the technology and the planter, laboratory experiments were conducted in
Engineering College of China Agricultural University and field trials were conducted in Tuanfeng, Hubei Province. The
laboratory experiments demonstrated that each indent of double-shaft spiral indent roller seed-metering device could only be
filled with one grain of wheat seed at most, and the leakage rate of seed filling was 6.25%. The mean width of seeding rows
was 74.6 mm, which reached the requirement of wide seeding. The field trials showed that the mean depth and width of ditch
that was dug by double-wing ditch opener, were 175 and 238 mm respectively, which met the requirement of drainage. The
mean sowing depth was 39 mm, and the qualified rate of sowing depth was 86.7%; the mean fertilizing depth was 81 mm, and
the qualified rate of fertilizing depth reached 93.3%. Both of them met the requirements of national standard. When using the
floating covering scraper to cover and compact soil, the soil adhesion was reduced by 48.34% compared with general press
wheel. The slipping ratio of land wheel was 7.8%, and the blocking problem did not happen while the planter was working.
The broad width and precision minimal-tillage wheat planter offers a new method of drilling wheat seed in rice stubble field,
which can reduce blockage caused by the heavy rice stubble and decrease soil adhesion, and meets the requirements of opening
ditch and broad width and precision seeding at the same time.

Keywords: agricultural machinery; design; crops; rice stubble field; anti-blocking; strip tillage
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