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Design and Experiment of Combined Cutting and
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Abstract; In order to solve the problems of poor soil throwing performance, high power consumption and
no special blade, a cutting and throwing combined ditching blade was designed for tea garden ditching.
The dynamic analysis of the soil throwing process of the soil throwing lump determined that the key
parameters of the soil throwing lump were 8 ¢cm wide and the tilt angle was 30°, and the soil throwing
blade could meet the requirements of tea garden ditching that the soil could be evenly distributed to the
edge of the ditch instead of falling into the ditch, which was convenient for filling soil after fertilization
and the ditching energy consumption could not be too high. The results of experiment showed that the
width of single side throwing soil by the combined blade was 22. 7 cm, the uniformity of throwing soil was
90.3% , the thickness of covering soil was 2. 1 em, the stability of ditching depth was 87.8% , and the
thickness of floating soil at the bottom of ditch was 1.2 em, while that of the control group was 13. 4 cm,
84.3% , 2.4 cm, 82.3% and 2.5 cm, respectively, which indicated that the throwing distance of the
combined blade was better than that of the single blade, the same as uniformity of throwing soil and
planting stability, and the thrown soil by the combined blade was not easy to fall into the ditch. In
addition, the combined blade did not significantly increase the power consumption. The results of power
consumption analysis showed that compared with the single cutter, the impact force of the front and rear
area of the combined blade was reduced, and the impact force of the upper area of the throwing soil was
reduced, so the total impact force of the throwing soil was reduced.
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S5 Z56 2% REV A A T ) Bt 5 il 81

o YIS IR )
AT " mm ] 4 ] (G ARZE)
w54 T (0 R )

3 4 5

: 5 6 7
TS

34 5 6 7
By

(a) BT Z S bt Sy (b) #5317 bt 7y
B 14 RO A T8 )5 X A AT 45 5 P Az
b g

Fig. 14  Total impact force on each row and column of
cutting and throwing combined ditching blade of tea

garden and control group

FxF R, I dl & 5O J) 5 X% Bl Y e 56 4 %)
i+ vhdi S K, 4 5k 207.7 316, 3 N, B 45 5]
LLES 4 B oty , by T30

UeAh, VI gl A =XTF 8 T T AT 0 T 32 R vk
1 588.7 N, Xf HE4H >k 612.0 N, i3d B 4] 4l 41 4 =X
FVE T2 ook 1N TR — P+

A a6 5 SR T, VI 4 4 S JF 1 T A T
—Y) - T7 4 0 b O AR AR SR R R X
B, AR X3 b s ) R T — ) 10 7E B X
B A vhi S ANF R —YI ), Wi A X EE )
FE ) HAE 5 5 K op s Jy/h T8 — Y1 01, i 8 )
HLJE 7 W X388 o o ) R e — ) 00, A T
e s BT 2 =X v 0 1) 4 R

DL 350 43 B S e th D)4 2 = DA T T

H—Y) 7, Al A A4 1 0 DIk s 4
9 T DX St g 0 AT 3 EOCHA 4 6 b
Dol /), BRI A R v TV i B Y R I, R B
IMIFE TIFE -

4 it

(1) AR RE K 78 I L S 1 2] 9l 4 2= 0 3 AN T
T P LU T AT S I, TV BE AR AN BE L Y
75 P LA AL T V8 K, Tt 1 3E T 4% I i U
VAR WA A A I 1B A /N WA O /e wp O i
ot B OGS B £ R SN 8 em
A} A Ry 30° B, AT LR IE 4l 4 77 A8 1) 4l 1 i TE i 2
REEK,

(2) HH ) P A X 46 2 B, Uil 20 & 50 0T U] F
MG+ W5 B8 Ry 22,7 em Ml A 5] P R ECH 90.3% |
BAEJRERE N 2.0 em JF W IR EREE RN
87.8% JHJEIF LEE N 1.2 cm, X FE 4 PA—FF 34 )
M550 59 N 13.4 cm .84.3% 2.4 cm . 82.3% .
2.5 cm, YL TG 2H & X TT I TT e 5 — TF I8 TT Y 4l
R IR e N T DA R M T 1/ e e K RS A Sk
FEEEAF, BT in - HER B Ys A, HLR B 86 T
B IFE

(3) #EAT 1 e T 90 A IR Y Zh 6 43 B il 4, 45
RERW, 5P IR, U 4 & =T T1 4+
18 T J A DX s it g i) i Y T X
Bl AT 5 SR - b 30y, DR, FE 4R
PARCE A S5 g NN 3 o N R TR NSRRI 5 2

2 £ x #
(1] R, RKE@EPILEZSAR SRR D], Jtat P ER BB ,2017.

DAI Hongchao. Design and experiment on the main parts of tea field tillage machine [ D ]. Beijing: Chinese Academy of

Agricultural Sciences,2017. (in Chinese)

[2] LIST,CHEN X B,CHEN W,et al. Soil-cutting simulation and parameter optimization of handheld tiller’s rotary blade by
smoothed particle hydrodynamics modelling and Taguchi method[ J]. Journal of Cleaner Production,2018,179(8) :55 - 62.

[3] UCGUL M,SAUNDERS C,LI P L,et al. Analyzing the mixing performance of a rotary spader using digital image processing and
discrete element modelling (DEM) [ J]. Computers and Electronics in Agriculture,2018,151(8) :1 - 10.

[4] LUIS A P B. Modelling the aggregate structure of a bulk soil to quantify fragmentation properties and energy demand of soil
tillage tools in the formation of seedbeds[ J]. Biosystems Engineering,2020,197(1) :203 -215.

(5] whas i or 7 IMAMR, S5 7 4 Bl S SUBERESE T M ARSI [T] . ARk TAR %4 ,2013,29(3) =9 - 15.
YE Qiang, XIE Fangping, SUN Songlin, et al. Development of vineyard ditcher with reversal twin rotary tillage wheels[J].

Transactions of the CSAE,2013,29(3) :9 - 15. (in Chinese)

[6] MPBA, ME, ZFK,%. KX 1JH -2 BEEFFREE OS50 [T]. Rl TR 24 ,2018,34(14) ;10 - 18.
TIAN Yang,LIN Jing, LI Baofa,et al. Design and test of pneumatic 1JH —2 style straw deep burying and returning machine[ J].
Transactions of the CSAE,2018,34(14) :10 - 18. (in Chinese)

(7] FEB),BRE 24, 5. ST 248 052 00 15 8 X TR W B KE #0007 1 R AR [ J/0L]. Rk HL K 2% 4 , 2017 ,48

(1):57 -63.

KANG Jianming, LI Shujun, YANG Xuejun, et al. Virtual simulation and power test of disc type ditcher based on multi-body
dynamics[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48 (1) ;57 — 63. http: // www. j-csam.
org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20170108 &journal _id = jesam. DOI.10. 6041/j. issn. 1000-1298.

2017.01.008. (in Chinese)

(8] MM, WA ¥ %, & RO EaIUEL IR0 o i R RaE (], Rk T4 ,2016,32(13) :8 - 15.
KANG Jianming, LI Shujun, YANG Xuejun, et al. Experimental verification and simulation analysis on power consumption of disc
type ditcher[ J]. Transactions of the CSAE,2016,32(13) :8 —15. (in Chinese)

(9] BEEM,BRE 7, 55, SRR E A AEALIT W ) 3ot S8R [J/0L]. Rl L4k ,2017,48(2) .68 - 74.



82

PSS A1 M | = O 14 2021 4

[10]

[13]

[14]

[15]

[16]
[17]

[20]
(21]

[22]

[23]

[24]

[25]

KANG Jianming, LI Shujun, YANG Xuejun, et al. Design and experiment of ditching blade installed in close planting orchard
ditching machinery[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2017,48(2) :68 —74. http: // www.
j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20170209 &journal _id = jesam. DOI:; 10. 6041/j. issn.
1000-1298.2017.02.009. (in Chinese)
AR TR HRH L SE. RS AT A W05 AR TV e B R 556 [ T/0L ] ROl LR 2% 41,2018 ,49 (3 1)) :50 - 59,67.
LIN Jing,ZHANG Tongjia, TIAN Yang,et al. Optimization and experiment on bionic deep-buried device for returning straw in
field[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49 ( Supp. ) :50 = 59,67. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =2018s008 &journal_id = jesam. DOI.:10. 6041/]. issn. 1000-
1298.2018. 0. 008. (in Chinese)
AHMADI I. A torque calculator for rotary tiller using the laws of classical mechanics[ J]. Soil and Tillage Research, 2017,165
(1): 137 - 143.
XURCE IR R R, A5 RSN E AL A T T BUIR 5 & R AT [ 1/ OL ] Ak HLAR 2741 ,2020,51 (34 T1] 2) :99 — 108.
LIU Shuangxi, XU Chunbao, ZHANG Hongjian, et al. Research status and development analysis of base-fertilizer application
equipment of orchard[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51 ( Supp.2):99 - 108.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 2020s212&journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2020. S2. 012. (in Chinese)
XA RO s, 45 R IEEAE LN AR AL i1t 53086 [ 1/ OL ] RME LA 41,2020, 51 (FEF) 1) 113 - 122.
LIU Shuangxi,XU Chunbao,ZHANG Hongjian, et al. Optimization design and experiment for rack of orchard ditching-fertilizer
machine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51 ( Supp. 1) :113 - 122. http: / www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =2020s113 &journal_id = jesam. DOI;10. 6041/j. issn. 1000-
1298.2020. S1.013. (in Chinese)
TR AR AR, KR A B S IR B O E ST IR E IE ML BT 5K [T/0L ] Al AL 2 4% ,2021,52 (1) .
62 -72.
ZHANG Hongjian, XU Chunbao, LIU Shuangxi, et al. Design and experiment of orchard double row ditching-fertilizer machine
with automatic depth adjustment[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(1) :62 —
72. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20210107 &journal _id = jesam. DOI;
10.6041/j. issn. 1000-1298.2021.01.007. (in Chinese)
5 28 E K 3, FARMAN Ali Chandio, 8. & 25 HiOT 5 R BERE L 72 1 538 sh AT R 0 #7 [J/70L]. L HLB 2 41,2016,
47(3) .22 -28.
FANG Huimin, JI Changying, FARMAN Ali Chandio, et al. Analysis of soil dynamic behavior during rotary tillage based on
distinct element method[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2016,47(3) :22 -28. http:
// www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1 &file_no = 20160304 &journal_id = jesam. DOI;10. 6041/].
issn. 1000-1298.2016.03.004. (in Chinese)
T E AR UL B =R B RS T LM ] B JE st op B AR OD R 5 R B AL 2007 :237 — 243.
BEULTER, WO AR SF . BERF-RRAEE T ) R S5 S HR AR [ T] . AL ALK 1R ,2009,40(7) 245 - 50.
JIA Honglei, JI Wenfeng, HAN Weifeng, et al. Optimization experiment of structure parameters of rototilling and stubble
breaking universal blade[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40 (7):45 - 50. (in
Chinese)
BRI, AR TAE 0T, 58 ARBRG TS5 h B 20l AT R XS SRR [T]. b B A R0l %41 ,2010,18(5) : 1110 - 1115.
HUANG Dongfeng, LI Weihua, FAN Ping,et al. Countermeasures of low-carbon economy for sustainable development of China’s
tea industry[ J]. Chinese Journal of Eco-Agriculture,2010,18(5) ;1110 — 1115. (in Chinese)
XU B XUMEAR P o, 4. T s 0TS i BB HLBESF DD HIPERED ST [T ] RALIEHTSE,2019,41(10) 129 — 134, 140.
LIU Mingyong,LIU Yadong, KU Haofeng, et al. Research on the cutting performance of ridger based on discrete element method
[J]. Journal of Agricultural Mechanization Research,2019,41(10) :129 - 134,140. (in Chinese)
R Tr sk 2. SR I L E ) R R m i BE R R ST ] AR L5 E AL, 1984(3) 16 - 13.
BRI H R B . FEAE IS e AR M IR R AT S [T ], Rl TR 274 ,2007,23(11) :153 - 157.
LUO Haifeng, GUAN Chunyun, TANG Chuzhou, et al. Ditching parts of no-tillage sower in paddy stubble field [ J].
Transactions of the CSAE,2007,23(11) :153 —157. (in Chinese)
Mg i L, 2T SRR, S W AR R S AT LT ] T BRI % 4 41,2018 ,49(5) 605 - 612.
MEI Zhanjian, LI Hua, QI Xindan,et al. Analysis of mechanical properties of sandy soil[ J]. Journal of Shenyang Agricultural
University ,2018,49(5) :605 - 612. (in Chinese)
T SC, AR , S0, 2. AN TP MR AS AT () R 2L/ N SR M LBETTH 588 [ )/ OL ] A WU 2441 ,2019,50(12) +42 - 52.
LUO Weiwen, GU Fengwei, WU Feng, et al. Design and experiment of wheat planter with straw crushing and inter-furrow
collecting-mulching under full amount of straw and root stubble cropland [ J/OL]. Transactions of the Chinese Society for
Agricultural Machinery,2019,50(12) :42 - 52. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_
no =20191205&journal_id = jesam. DOI;10.6041/j. issn. 1000-1298.2019. 12. 005. (in Chinese)
BLYEEE BRI 8, B R, %5 N ALK 0TI T AR Bt 5186 [ /0L ] RV AL =4 ,2019,50(4) :49 -57,273.
ZHU Yinghao,ZHANG Jumin, ZENG Rong, et al. Design and experiment of herringbone type rotary blade roller for burying
stubble in paddy field and dry land[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(4) :49 —
57,273. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20190406 &journal _id = jcsam.
DOI:10.6041/j. issn. 1000-1298.2019. 04. 006. (in Chinese)
AR T KL, 45 A S DR R RN LS AT ) DU T 65 s 42 LT SE[ 1/ OL ] Al LA~ 4% ,2020,51 (12) .24 - 34.
ZHAO Hongbo,HE Jin,ZHENG Zhiqi,et al. Strip tillage inter-row residue side-throwing device of no/minimum-till seeder for
anti-blocking and seedbed-cleaning[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(12)
24 - 34 http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20201203 &journal _id = jesam.
DOI:10.6041/j. issn. 1000-1298.2020. 12. 003. (in Chinese)



