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Design and Test of Side-direction Straw-cleaning Blade for
Seedbed Treatment of Original Stubble Planter

HOU Shouyin CHEN Haitao ZOU Zhen SHI Naiyu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to explore the influence of the side-direction straw-cleaning blade for seedbed
treatment of original stubble planter on straw winding, vibration intensity, power consumption and straw
mulching uniformity during machine operation, the structure and working principle of side-direction straw-
cleaning device was introduced, the structure of side-direction straw-cleaning blade and the working curve
of slippery cutting surface was designed, and the key structure and working parameters affecting the
working performance of the blade were determined. By using four factors and three levels orthogonal test
method, the initial radius p,, initial slip angle 7,, blade carrying shaft angular velocity @ and tool
operating speed v, were selected as the influencing factors, and the straw winding, vibration intensity,
equivalent power consumption and straw mulching uniformity were taken as the evaluation indexes. The
optimal analysis of the structure and working parameters combination of the blade affecting the tool
operating performance was carried out. For straw winding, the order of primary and secondary effects was
as follows: initial slip angle, initial radius, tool operating speed and blade carrying shaft angular
velocity ; for vibration intensity, the order of primary and secondary effects was as follows: tool operating
speed, initial slip angle, blade carrying shaft angular velocity and initial radius; for equivalent power
consumption, the order of primary and secondary effects was as follows: tool operating speed, initial slip
angle, blade carrying shaft angular velocity and initial radius. Under the conditions with the initial radius
of 200 mm, the initial slip angle of 30°, blade carrying shaft angular velocity of 42 rad/s and tool
operating speed of 7.2 km/h, there was no straw winding, vibration intensity was 159 m/s’, equivalent
power consumption was 4.9 kW, and straw mulching uniformity was 0. 075. Compared with the existing

combination of cutters and teeth, the vibration intensity was decreased by 46.5% , equivalent power
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consumption was decreased by 29.7% , and there was no tool blockage in the working process. The

research results can provide theoretical and experimental data support for the design of key components of

lateral straw cleaning device of 2BMF] series no-tillage straw mulching precision seeder.

Key words: no-tillage planter; side slip cutting; straw-cleaning blade
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50

P A I R

it 2019 4

S8 L AR A T VORI, ol 280007 AR, DRI AR
WA o ARl B2 39 I, I 35 45 b S AE A Ml D 1)
i B 0, X 2 B 1e) BHL g TR, A2 51 2 R Y
Tl e D%l A T BE R G, B IR ) AR K T, Zh
FETHH o
3.4.4 KPR X EIRE ¥ 5] B 2 B

AU I AT 50 4 1 B A S B A T AL
TUEETE P 2 FE f AU AE 60°, thy ] 10d AT, B HE 14 2]
JEE A AE SLVEIE R Y, B B A ol A T el A e
JEE ST ARG K50 B S i/ g B K X T B T AL
H LS. 4 km/h AR B TAERS, 0 %5 1] 5% SF- 18 A
E 7 18] K 1 5 070 S 0 HHORS AT 19 400 i 3 5 R S AL

B Ry e A L R T IARICR
3.5 fRULER

H 350 25 2R 0 B, ZE PR UE AL A A 3 26 1Y i
FET, LR @ AE b 803 B 1 AT 98 28 | R AR AR 3 ik
FEFITIFE N N, 32 F Design-Expert 6. 0. 10 %t {4 gt
Fr A, A5 Ml e v A 2 DA 450 5 TTAE 28U
RAB LRI S PR,
3.6 ZARIWIE

7 I8 fe A 2 B0 G R AT HJE) 56 R U, U
S5 WG YE 25 R0k 6 firas . ik 6 A1, i
WSEHET B IERE SRS R &, itk 4
RAlfE.

x5 MUER
Tab.5 Optimization result
po/ 7o/ v,/ ) PR Bl 5m B/ BRIFE/
5 H ’ ‘ & 4 28 - : BIRS 51
mm (°) (km-h~1) (rad-s™1) mes~2) kW
g4 1 200 30 7.2 42 0 159 4.9 0.075
el & 2 150 20 7.2 42 0 165 4.4 0. 081
F6 WIEHR
Tab.6 Results of verification experiment
0o/ T/ v,/ w/ IR Bl / L IFE/
5 ' ’ L HERmILEE . HH 50
mm (°) (km-h™") (rad-s™") mes” ") kW
LA A 1 200 30 7.2 42 0 147 4.5 0.071
fRALdl & 2 150 20 7.2 42 0 160 4.1 0.075

3.7 Xtk
B LAL S5 0t 5 00 1) 3 5 e B E T8 5 R 9K
TG LA AT TAE M REXT ELik 5, an & 11 fros
&5 ) B ]

11
Fig. 11

He L1 R] T, B D AR R D 5 A T
A S5 A 0l AR R AT g e &, T i b T
BB, I T I A 5 R A R o D R Bl R
5 O FE S5 R R T iR

B8 7 A1, 3 R A A RS 2 A0 BE Bk BT
BER AR ARG 0 W R 25 R ) U5 B B T 1 AL A PR B
9 G 46. 5% F1 41. 8% , THEE 4 BIFEAK 29. 7%
35.9% ,IF HAEAVE b o 78 ok th BRAS AT 4 4%, T 145
BT S A 45 56 e ARk B2k

X LI

Contrast test

®T MWHHEER

Tab.7 Contrast test results

S SR RSVIREE/ MEmIIEE/ B
GEE  (mes™?) kW ¥y 5y

FeAed 41 0 147 4.5 0.079
A4 4 2 0 160 4.1 0. 082
NEW2E AL WA ey 1 275 6.4 0. 097

FT T 000 1 95 A 2 5 A% b e I 2 [ I AR
3k 2y 58 S5 HEFf P RE R W AR, T R 4 oL B
B orE B AL LA 1, Bl 6 2F 42y 200 mm i
R DA 30° AR B 7.2 km/h R TT Bl A G
42 rad/s A A 1) 35 VD6 R 014 45 4 5 AT 1 fE B
MSEHE .

4 it

(1) BTt 77— ol JL 7 3l £ B0 3 o AL Aol P 2 9 5%
RN 1 V)RS ), 9F B E T R e AR R AR
(SR EL SR

(2) X FREAT SRS , 52 WY i R B/

GRER7IV IR B SRS (S48 SN D 2E BL 95 D0 A R
IS A A o NES| AN R (BN % 9 B Y b - 7))



% 6 1) PESFEN A5 o JEUTE R PR AR A 00 1 38 03 A 08 BT 5 AR 51

i VR L DG AR X T A IR Y TR 42 rad/s HLRARLEE 7.2 km/h S
HIR BN ARV 2 GE AR VI TR RS A R RS AT e, R S8R O 159 m/s, R I FE N
B AR s X TR 2 A R R iR BN A 4.9 kW BRI S0 0. 075 X H IR ER R L (Al
VAL WAL i VB9 SN Y R 87 DL I TTD TR S Ji J1 1 25 PR Bl 5 BE AR T 46. 5% |, 4R T FERE A

[1]

[2]

[3]

[4]

(5]

[7]

[8]

(3) £ T 1597 4R 2 42 200 mm 2 4 15 V) £ 30° . 129.7% JF HTAE S e b R I BIHLHSE ZE LA

2 £ x W

EWF 2BMF] -3 B FE M S B AR R R S R A AL DR ST [ D] i /R AR bkl k2% ,2013.
WANG Hanyang. Study on 2BMFJ — 3 type no-till soybean precision planter with straw-covering in wheat stubble fields[ D ].
Harbin: Northeast Agricultural University, 2013. (in Chinese)
T P 5, RV, 2 L 5. U HE A T ) X S B B R RS R AL A SR M BB R S A [T ] ik TAEA% 4R ,2015,31(12) 248 - 56.
DUN Guoqgiang, CHEN Haitao, LI Ang, et al. Effect of rotation direction of knife teeth configuration on clearing straw unit
performance for no-tillage and straw mulching precision seeder[ J]. Transactions of the CSAE, 2015, 31(12) . 48 -56. (in
Chinese)
R U , A ORE TR 3, 4. 2BMEFT 3R B S B A S 1 A LIS AR E 0 AL 558 [ J/O0L . el HLA 27 4%, 2016,47 (7)) .
96 - 102.
CHEN Haitao, ZHA Shaohui, DUN Guogqiang, et al. Optimization and experiment of cleaning device of 2BMF] type no-till
precision planter[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (7): 96 - 102. http: //
www. j-csam. org/jesam/ch/reader/ view_abstract. aspx? file_no =20160714&flag = 1. DOI;10. 6041/j. issn. 1000-1298. 2016.
07.014. (in Chinese)
ST BRIV, 40 3 S, 45 2BMFY — 3 ALFE b OR O 5 B B ARG i AR AL D AR S b AR R KR [T ] R E R, 2014,
33(4).589 —593.
WU Guangwei, CHEN Haitao,JI Wenyi, et al. Power and fuel consumption of 2BMFJ —3 no-tillage soybean precision seeder in
stubble field[ J]. Soybean Science,2014,33(4) :589 - 593. (in Chinese)
EDE BRifg v, 48 30 3. 2BMF] — 3 B2 28 40 S B RG RE LB 35 28 B[ J/OL 1. AL HLB A 41,2013 ,44(4) :64 - 70.
WANG Hanyang, CHEN Haitao, JI Wenyi. Anti-locking mechanism of type 2BMFJ —3 no-ill precision planter for wheat stubble
fields[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44 (4) . 64 —70. http: / www. j-csam.
org/jesam/ch/reader/view_abstract. aspx? file_no =20130412&flag = 1. DOI: 10. 6041/j. issn. 1000-1298. 2013. 04. 012. (in
Chinese)
R, H 2. 2 HE B LM R AL A [T ] E AR BLAE 2 41 ,2015,36(2) :25 - 28.
XU Liang,XIAO Hongru. Analysis of the winding grass mechanism for tea cultivation machinery [ J]. Journal of Chinese
Agricultural Mechanization,2015,36(2) :25 - 28. (in Chinese)
R 2R A, AR T BB AR R e 2 T VA A D)8k By 32 e 53R [T . R0l TA22# 40 ,2015,31(17) : 10 - 19.
LIN Jing, LI Baofa, LI Hongzhe. Design and experiment of Archimedes spiral type stubble breaking ditching device and stubble
breaking anti blocking device[ J]. Transactions of the CSAE, 2015, 31(17): 10 —=19. (in Chinese)
AR, 2, A A, S5 TR TRMR 2 R ok 11 [ 480 7] S EUAL 586 [ 1/ OL 1. A LA 41 ,2014,45(6) = 118 — 124
LIN Jing, LI Bo, LI Baofa, et al. Parameter optimization and experiment on Archimedes spiral type of gap cutting disc[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(6) : 118 —124. http: / www. j-csam. org/jcsam/ch/
reader/view_abstract. aspx? file_no =20140619&flag =1. DOI:10.6041/j. issn. 1000-1298.2014.06.019. (in Chinese)
HASHEM A,AHMAD D,OTHMAN J,et al. Design, development and performance of a disk plow combined with rotary blades
[J]. Materials Science and Engineering,2012,36(3) :1 - 38.
TR, Z . BEA T8 MA A AT RIS T]. ROk TR 2R ,1995,11(4) :67 - 72.
DING Weimin,PENG Songzhi. Researeh on grass-removing angles and equations of rotary blades[ J]. Transactions of the
CSAE,1995,11(4) :67 —72. (in Chinese)
Y EN, Wit . S U R S E A BRI LS AL [T ] ol LA %41 ,2012,28(5) : 19 - 25.
HOU Shouyin, CHEN Haitao. Parameters optimization of vertical axial flow thresher for soybean breeding[ J]. Transactions of
the CSAE, 2012, 28(5) :19 —25. (in Chinese)
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(1) ;329 - 340.
WEAE, BLUE TR, TR T, % S BB AL 07 TGy 38 W AU S B A [T] . R HLB A 41,2011 ,42(10) =56 - 60.
FAN Xuhui, JIA Honglei, ZHANG Weihan, et al. Parametric analysis of finger-type anti-blocking residue-cleaner for no-till
planting[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(10) : 56 —60. (in Chinese)
T iR K 2 R D 2 M SR AR R R A LGB R R DR [ D] iR R « AR AL ARl K%+ ,2013.
DUN Guogiang. Key technology research of no-tillage precision planter on grand ridge planting with original stubble [ D ].
Harbin: Northeast Agricultural University, 2013. (in Chinese)
(#5217 )



% 6 1)

BT A B RE R AR AR S 0L 2 R 3 GIS TE A 217

[16]

[17]

[18]

[19]

[20]
[21]

[23]

[24]

K, Rk RTRERFEEEZARBERMEZT]. HlREE, 2016, 33(2) :201 -209.

ZHANG Yu, ZHU Lizhi. Perspectives on establishment of grassland national parks in China[ J]. Pratacultural Science, 2016,
33(2): 201 —209. (in Chinese)

XN, 2, IR BB RS A A SRR R SR [T]. &%, 2019, 38(1) : 267 -274.

LIU Shuo, LI Pin, FENG Zhaozhong. Eco-restoration research progress and strategy about wind-break and sand-fixation forest
in Beijing — Tianjin — Hebei Metropolitan Region[ J]. Chinese Journal of Ecology, 2019, 38(1): 267 —274. (in Chinese)
BUHE, BB, HA, . hEBE [ RRY XA BOROUE 2 AL RFAE[T] . MBS, 2018, 73(1): 92 - 103.

ZHU Ping, HUANG Lin, XIAO Tong, et al. Dynamic changes of habitats in China’s typical nature reserves on spatial and
temporal scales[ J]. Acta Geographica Sinica, 2018, 73(1) : 92 —103. (in Chinese)

KRR, EH8, SO, RUE I KR AR E PP [T, AR, 2018, 38(12) : 4226 —4233.

XU Qiuyang, WANG Weiwei, MO Li. Evaluation of landscape stability in Beijing — Tianjin — Hebei region[ J]. Acta Ecologica
Sinica, 2018, 38(12) . 4226 —-4233. (in Chinese)

BRI . SRR R IR RBEESEHIM]. 2 . et & S EE & kL, 2007.

dolt, B, SCmER, 4. T GIS i B IR Mot WL A RIS =) S5 SRR B 5 [ T/0L ] Rk HLm =4k , 2018, 49(10) -
187 — 194, 204.

MENG Chao, WANG Jiping, ZHI Xiaorong, et al. Spatial characteristics of forest landscape in county level based on GIS[ ]/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(10) :187 — 194 ,204. http: // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1 &file_no = 20181021 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2018.10.021. (in Chinese)

B, BB, TIK=, & REN AN LSRR S EEZHEELERCRIT]. AE¥R, 2015, 35(14)
4920 -4930.

FENG Zhixin, CHEN Yingbiao, QIAN Qinglan, et al. Research on the cointegration and causality between urban artificial
landscape structure change and landscape connectivity in Dongguan City[J]. Acta Ecologica Sinica, 2015, 35(14) . 4920 -
4930. (in Chinese)

FEME, A0, SRR, 5. BRI TR R s AR AR [T ] AR AR AR, 2010,30(23) 16538 - 6545,
WANG Haimei, LI Zhenghai, HAN Guodong, et al. The analysis on the sptial-temporal change of climate aridity in Xilinguole
Steppe[ J]. Acta Ecologica Sinica, 2010,30(23) :6538 —6545. (in Chinese)

SRAETS, W, AL B R R R R S AR R R UL YA v A R (T ] 2@, 2018(5) : 93 - 96.
ZHANG Ya’nan, WANG Xu, ZHEN Ying. Extraction of desertification land information in the northwest area of Liaoning
Province using modified vegetation coverage inversion model[ J|. Bulletin of Surveying and Mapping, 2018(5) : 93 -96. (in
Chinese)

(L#EES1I )

[15]

RHE IR, ar, 55 R BT X RN R B R GRS R a2 [T Rl TR %4 ,2014,30(24) 130 - 37.
ZHU Sihong, XU Gang, YUAN Jiaqi, et al. Influence of implement’s mass on vibration characteristics of tractor-implement
system[ J]. Transactions of the CSAE,2014,30(24) :30 - 37. (in Chinese)

WS E & A AL R HLE HLI IR S AT (1] ARl HLBR 2 4, 1994 ,25(2) 224 - 29.

QIU Baijing, YANG Zuhua. Experimental modal analysis on the rotary tiller [ J]. Transactions of the Chinese Society for
Agricultural Machinery,1994 ,25(2) ;24 —29. (in Chinese)

E R, R Bt ML IR S R W 5T [T ] W g Ak 24 Be 2% 4k ,1992,18(3) :613 - 621.

WANG Dacheng, YANG Debin. A study of the vibration problem in the lift-up rotary tiller[ J]. Journal of Hunan Agricultural
College ,1992,18(3) :613 - 621. (in Chinese)

F& T R ST, TR L KR R ) U 3 ) B SO AR 1 B B [T ] AR HLAR 2 iR ,2001,32(2) 238 - 41.

WU Ziyue, GAO Huanwen,ZHANG Jinguo. Study on cutting velocity and power requirement in a maize stalk chopping process
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2001,32(2) :38 —41. (in Chinese)

JBDK . AR 18 [ S ALK i 3 R S0 A S U [T ] N MABIL TR ,2010,30(24) <7 - 10.

GU Qing. Analysis and prediction of fuel consumption rate for non-road diesel engine [ J]. Chinese Internal Combustion
Engine Engineering, 2010,30(24) .7 — 10. (in Chinese)

FHE S K, USSR BHE R LA S B e R I RS [ T]. &0l TR, 2014,30(6) ;1 -8.

YIN Yanxin, ZHENG Yongjun, CHENG Zhihua, et al. Tractive resistance remote monitor system for no-tillage seeder [ J].
Transactions of the CSAE, 2014 ,30(6) :1 —8. (in Chinese)

TR BUNME B R DY A MR AT IS H AL AR I R G B SR B [T]. R0k TR ,2014,30(18) :38 - 46.

ZHANG Jumin,HE Xiaowei, XIA Junfang, et al. Design and field experiment of power consumption measurement system for high
stubble returning and tillage machine[ J]. Transactions of the CSAE,2014,30(18) :38 —46. (in Chinese)

B2 T, By Ak, S5 AR 0 3 T LR #E V) I DA A B i e 7 [T ] ol BLB 2 4R ,2000,31(3) :35 - 38.

HU Shaoxing, MA Xu,MA Chenglin,et al. A rotary power dissipation model of the machine for chopping and returning stubble
into soil [ J]. Transactions of the Chinese Society for Agricultural Machinery,2000,31(3) ;35 —38. (in Chinese)



