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Strip Tillage Inter-row Residue Side-throwing Device of No/minimum-till
Seeder for Anti-blocking and Seedbed-cleaning
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Abstract: According to the existing problems of no/minimum-till wheat seeding in maize straw covered
field in double-cropping system area in the North-China Plain, such as residue blockage, low cleanness of
seedbed, a strip tillage inter-row residue side-throwing device for anti-blocking and seedbed-cleaning was
developed. The blade tilt angle, tilt line angle and rotary radius were identified as the key parameters
influencing seedbed cleaning in the straw throwing process during seeding operation. Through Box-
Behnken central composite rotatable design experiment conducted by discrete element method ( DEM )
simulation, the optimal parameter of blade tilt angle was 25°, and tilt line angle was 30°, rotary radius
was 250 mm, when torque requirement was 47.2 N-m, seedbed cleaning index was 80.5% , and soil
throwing index was 15. 8% . An seeding and fertilizing opener was designed with a fixed blade in the front
which could coordinate with the rotating blade to re-cut residues for anti-blocking; a V-type board for soil
guidance was designed with the angle of 130° which could rebound soil return to seedbed; and an anti-
twinning board was designed which could increase rotor radius for anti-residue twinning. Field
experiments showed that the seedbed-cleaning and anti-blocking device had a good anti-blocking
performance, its seedbed cleaning rate was 82.7% , and torque requirement was 298.2 N -m. The
seeding and fertilizing quality satisfied the national and standard agronomy requirement.

Key words; no/minimum-till seeder; tilt blade; inter-row residue side-throwing; device for anti-

blocking and seedbed-cleaning
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seedbed-cleaning and furrow opening
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Tab.3 Anti-blocking performance results
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Tab.4 Torque requirement and seedbed cleaning index
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Tab.5 Results of soil disturbance and seeding quality

. TR
W E T H - 5
LKA I 02 DA A i1} 37 D)

1558/ cm 12.5> 16. 3° 18.3¢
LI % 31.25" 40.75° 45.75%
[l i/ g 723 596" 775°
IR/ em 3. 60 4.05 4.06
iR A T R % 93. 60 92.90 91.50
A/ cm 9.10 9.35 8. 86
AR A E M R % 95. 50 89. 10 89. 10
FIE B B/ em 5.5 5.3 4.8
i) B M R A % 93. 60 82.30 79. 30

I RPFEATEE AR PR RR 2R BE,

PR , BT 8 3 S B0 | 3 A B it/ s - 44
P AR DIFE .

3 FiiE T ST E YD ) Il R R K, R 775 g,
MR IRz, 723 ¢, ARG hE#E T /IN, h 596 ¢,
i AN Gl I ol R N e 11957 AR 1
5 AAR e 0 2 25 S TR B A T A AR
FEU O fi 7] Y AT () A0 B 3 A B B % D e B
T 4B IR E H9 3. 6 em, FEAETEE N 9.1 em, Fh
AEMBIEE A 5.5 em, HIERERREM R B KT 90% ,
FEUAMIE T B 3% 5% B 7+ ROR B T R E bR D

M R
3.3.4 /NEHITEE

3 FE T ke AL S /N R AN A 15a
(B RRRING T3 R A B A 22 53 8 3 iR, il
16 77 M P R, N 89.5% , FTEYI JT W=z, M
79.7% AEGETERE J] H B SRR, B 75. 2% , i T]
MY ) FAL GElERt J1 , i %o Bl =
T9.8.14. 3 ME A R ARy 206 FF /N2
WL ARSI 15 B AT H R
NI AL GERERE T B T B i 284, Hh T
FRRFEFF R, R Z i B &8, AR F e
AR
100 ...
W

2

=

A

%

b

fegchedt ] FEE ] i)
T )R

(a) FHJE]EAHE/NEE 1 e 42

f& 7] e 1
(b) 3 hE 7T AR

E 15 R /NE B

Fig. 15 Wheat emergence of field experiment

4 £t

(D) Bt T —FhidE T ARAE— A PTEX BORAS
T i /D SRR o/ N A2 4 2l A TR 00300 35 95 7
S A PG 3 M R IE SRR [ £ ECa ,
TE PR BB S A A BT] 5 i e fa



12 A A5 A BERE R LA RUAT )O3 s By 2 BT 33

30° A fh 250 nlHEEAE 250 mm., B0 T Bl & B4R P BE R 30 mm, BT ] Al AR 4

(2) B A RIS BEB R B, 0 it 7 —3 i 30 mm, b 1 TGRS

XUET T RE 3 T 36 4% V- B - 96 S YA 5 Bl A (3) FRAH A i /N 2 1% il R T, BT i
Horp RHIE MM TR SR T 5B ET] AT SRS TR A T M RS B R R A S RN i e
I EhE I VIE] e T PETERE V RS PR IR RN 82. 7% AR AHAE Y 298. 2 Nom, 1
Je Ao 1300, AR ) - SERURE B S IR RR R, 1 b B ARE , L D SRR A AR A R

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

£ % x W

fl it 2P, BRI, 45 PRAP IR EOR SHLRBT TR [ 1/0L ] ALK 41,2018 ,49(4) <1 - 19.
HE Jin, LI Hongwen, CHEN Haitao, et al. Research progress of conservation tillage technology and machine [ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery,2018,49(4) :1 —19. http: // www. j-csam. org/jcsam/ch/reader/
view_abstract. aspx? flag = 1&file_no =20180401&journal _id = jesam. DOI. 10. 6041/]. issn. 1000-1298. 2018. 04. 001. (in
Chinese)
PITTELKO W, CAMERON M, LINQUIS T, et al. When does no-till yield more? A global meta-analysis[ J]. Field Crops
Research, 2015, 183(11) :156 — 168.
ARIANE C, JEAN P S. Conservation agriculture as a promising trade-off between conventional and organic agriculture in
bundling ecosystem services[ J]. Agriculture, Ecosystems & Environment, 2020, 292(4) .1 - 14.
R, T 2R S, A RS AT ads FH O =0 A R b S ) B /N AR R 2 [ J/OL ] AR WL 7 41 , 2018 ,49 (38
H]) .60 -67.
ZHAO Hongbo, HE Jin, LI Hongwen, et al. Effect of straw returning manners on seedbed soil physical properties and winter
wheat growth[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018 ,49( Supp. ) :60 —67. htip: // www.
j-csam. org/ jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 2018s009&journal _id = jesam. DOI. 10. 6041/]. issn.
1000-1298. 2018. S0. 009. (in Chinese)
PRSVER, BRIV ARRE A, A AR RS A M DR T 51888 [ 1/ OL ). AL 41,2019,50(6) :41 -51,217.
HOU Shouyin, CHEN Haitao, ZOU Zhen, et al. Design and test of side-direction straw-cleaning blade for seedbed treatment of
original stubble planter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(6) :41 - 51, 217.
hitp: // www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20190605&journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298. 2019. 06. 005. (in Chinese)
P SC, R R . TR R G HRERLATIEL )], AR HLIRA41E, 2008, 39(4) 78 - 82.
GAO Huanwen, LI Hongwen, YAO Zonglu. Study on the Chinese light no-till seeders[ J]. Transactions of the Chinese Society
for Agricultural Machinery,2008,39(4) ; 78 —82. (in Chinese)
TTHS APE 2 AR R AHE R LA SR A5 [ 1] ARPEHETE,2012,34(3) 145 - 48.
WAN Qihao, BU Ku, LI Yan, et al. Structure analysis of the large no-till seeder openers [ J]. Journal of Agricultural
Mechanization Research, 2012,34(3) :45 —48. (in Chinese)
T EL AR RHHEF ALK [ D], dbat. thEgL R ,2001.
ZHANG Jinguo. Study on the strip chopping anti-blocking no-till planter[ D]. Beijing; China Agricultural University, 2001. (in
Chinese )
TEER SR , 2 H6 30 WA , 5. SRR ARG SR S RS R B 51450 [ )/ OL . A AU ,2019,50(4) :58 - 67.
SHI Yinyan, LUO Weiwen, HU Zhichao, et al. Design and test of equipment for straw crushing with strip-laying and seed-belt
classification with cleaning under full straw mulching[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,
2019,50(4) .58 —67. htip: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20190407 &journal _
id = jesam. DOI: 10.6041/j. issn. 1000-1298.2019. 04. 007. (in Chinese)
XIIEIE. /N B O AR B SR W [ D] & U AR MBI, 2016.
LIU Zhengdao. Research and development of key technology and equipment for wheat no-tillage drill[ D]. Yangling: Northwest
A&F University,2016. (in Chinese)
VAITAUSKIENE K, SARAUSKIS E, ROMANECKAS K, et al. Design, development and field evaluation of row-cleaners for
strip tillage in conservation farming[ J]. Soil & Tillage Research, 2017,174(12) ; 139 - 146.
MATIN M A, FIELKE J] M, DESBIOLLES J M A. Torque and energy characteristics for strip-tillage cultivation when cutting
furrows using three designs of rotary blade[ J]. Biosystems Engineering, 2015, 129(4) ;329 - 340.
CELIK A, ALTIKAT S, WAY R T. Strip tillage width effects on sunflower seed emergence and yield[ J]. Soil & Tillage
Research, 2013 ,131(7) : 20 -27.
D BRI 2030 3L 2BMET - 3 BUZ 5 G BB LD 328 B [ 1/ 0L ] A ALK, 2013 ,44.(4) 64 - 70.
WANG Hanyang, CHEN Haitao, JI Wenyi. Anti-blocking mechanism of type 2BMFJ — 3 no-till precision planter for wheat
stubble fields[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2013,44(4) :64 —70. hitp: // www. j-



34 2SN A IR A S 2020 4F
csam. org/jesam/ ch/reader/view _abstract. aspx? flag = 1&file _no = 20130412&journal _id = jesam. DOI. 10. 6041/j. issn.
1000-1298.2013.04.012. (in Chinese)

[15]  Josilée s WHRERE , WA DR, 45, 0 DXHB 7 JE B 22 FE A R AT 7 o M 4B AR SR BB MR AILWT AR [ 1] A0k TR 2741k, 2016,
32(20) .15 -23.

GU Fengwei, HU Zhichao, CHEN Youqing, et al. Development and experiment of peanut no-till planter under full wheat straw
mulching based on “clean area planting” [ J]. Transactions of the CSAE, 2016, 32(20) ; 15 -23. (in Chinese)

[16]  HEEWZEMA e, 45, IELIR B AT J) A S S5 1/ 0L ] AL 741, 2016 ,47 (11) :91 - 99,17.
KANG Jianming, LI Shujun, YANG Xuejun, et al. Structure parameters optimization of sine exponential curve type ditching
blade[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (11):91 =99, 17. http: // www. j-
csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20161112&journal _id = jesam. DOI. 10. 6041/]. issn.
1000-1298.2016. 11.012. (in Chinese)

[17] RN ELFAR A, RENE RIS EA[M]. Jbat: hER L, 2012.

(18] BZRYe. /NADBHEFLE S AT R RS PR BT FE [ D], Jbat: sh R OE R ,2019.

ZHAO Hongbo. Study on driven seedbed-cleaning and anti-blocking device of residue inter-row side-throwing for minimum till
wheat seeding[ D]. Beijing: China Agricultural University, 2019. (in Chinese)

[19] MATIN M A, FIELKE J M, DESBIOLLES ] M A. Furrow parameters in rotary strip-tillage; effect of blade geometry and rotary
speed[ J]. Biosystems Engineering, 2014, 118(2) . 7 - 15.

[20] &, SOk, Ak, 55 SpHEFHLR S M SRR B0 5188 )/ OL] . Aol WL ,2019,50(2) :68 - 77.
WANG Qi, JIA Honglei, ZHU Longtu, et al. Design and experiment of star-toothed concave disk row cleaners for no-till
planter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(2) :68 —77. http: // www. j-csam.
org/jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20190208 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-
1298.2019.02.008. (in Chinese)

[21] LIU Peng, ZHANG Zhiqgiang, HE Jin, et al. Kinematic analysis and experiment of corn straw spreading process [ ] ].
INMATEH-Agricultural Engineering,2019,58(2) :83 -92.

(22] hitse, it s, 2Rt A5, RSl B 45 T UM TORRSAT AARFE Y HAEAE [ T]. AL ALARS-412, 2007 ,38(5) :47 -50,54.
MA Hongliang, GAO Huanwen, LI Hongwen, et al. Experimental study on corn stalk and rootstalk cutting by driven disc [J].
Transactions of the Chinese Society for Agricultural Machinery, 2007 ,38(5) :47 —50,54. (in Chinese)

(23]  XUZEH, B, 24T, 4. R E R PHE LI A T BT R G 5E [ 1/OL]. £k HLM2E 4 ,2019,50(3) :58 - 68.
LIU Hongxin, SU Hang, LI Jinlong, et al. Interactive optimal design system of drum-type no-till planter mechanism[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(3):58 — 68. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no =20190306&journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298. 2019. 03.
006. (in Chinese)

[24] SRz ZEBESC Tt 4 /N SR A BILIT o SCHE B A B[ 1/ OL ] AR HLIK 41,2013 ,44(12) :52 - 55,153.

LU Caiyun, LI Hongwen, HE Jin, et al. Floated support anti-blocking device of wheat no-till seeder[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery,2013,44(12) ;52 —55,153. http: / www. j-csam. org/jcsam/ch/reader/ view_
abstract. aspx? flag = 1&file _no = 20131209&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2013. 12. 009. (in
Chinese)

[25] ALAfE, i, EEA RHEIEPHLRITELT]. R, 2000,31(2) :30 - 34.

KONG Lingde, SANG Zhengzhong, WANG Guolin. Experimental study on oblique rotary tillage [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2000,31(2) :30 —34. (in Chinese)

[26] BksihH, sKIEAR, EAA S B AR [ M. dEst: BB Tl # it 2011.

[27] MILKEVYCH V, LARS J M, CHEN Ying, et al. Modelling approach for soil displacement in tillage using discrete element
method[ J]. Soil & Tillage Research, 2018, 183(11) .60 -71.

[28] AUAZE. MUMERIFFMI M. dbat A% Tolk i ikt ,2007.

[29] 43, FERAS, BREUM, 55 R EE/INERBFAVIEIT SR [ )/OL]. AU, 2017,48(11) ;52 - 59.

NIU Qi, WANG Qingjie, CHEN Liging, et al. Design and experiment on straw post-covering wheat planter [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery,2017,48 (11):52 —59. hitp: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? flag = 1&file_no =20171107&journal _id = jesam. DOI; 10. 6041/]. issn. 1000-1298. 2017. 11.
007. (in Chinese)

[30] FEEHR. FORREAPRTOHUE FALA BT SR AT 2 siRREDFFE [ D], Jbat . th &0l 7, 2018.

ZHANG Zhiqiang. Research on corn straw chopping and spreading machine design and dynamic characteristic of straw[ D].
Beijing: China Agricultural University, 2018. (in Chinese)
[31]  FBML. GEANFEREVE AL U Al P 5 S AR HLFFE [ D . dbat: shE ROl %, 2018.

[32]

ZHENG Kan. Study on subsoiling and rotary tillage operation adjustble combine machine[ D]. Beijing: China Agricultural
University, 2018. (in Chinese)
RAIG, 2300 /N i R B R B SR [T ] SRR M, 2006 (9) 113,



