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Fig.2 Schematic diagram of smooth cutting edge curve
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A HEHLEE M B Structure diagram of machine; B.{jj #tJE 45 M1 JF 74
AR % 8 Shoe-shaped acute angle groove plough; 1. = s &
Three-point suspension; 2.#1%4% Main frame; 3.9% 2 [@ & Z2 40 Drive
disc plows; 4.+ FC# Flat soil pallet; 5.E#F %% # Rotary cultiva-
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8.5443 Plow tip; 9.#¥] 7] Sliding cutting edge; 10.544E Plow column;
11,32 %% Support beam; 1244 4 #% Retaining plate; 13. 4/ #t 5 JE i
Boot-shaping plate; 14.JIEHR Base plate; 15.7#2 +: 4t Lifting plate.
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Fig.1 Structure of the driven plough-

rotating combine machine

12 @S RFEAREIESHILIT

DgvII b g seit . O oe s in AR
Xt Bk A AR BT H i S A i AT ST R D)
ANRRUEE-SOURIE (#1720 BIRCE e o S WA R A IR 5N
TRRALA )5 BEALZH 2, + 3 52 70 1l 2 4E W
KA BT UIIR 275 SCHk6, 161, AR 40 T U0 st B,
VEE 62 0 IO /N T U DD . AR T 9 38 I W 2k R KR
it £ A S 3 00 70 1t 26 D0 70 10 2Ry R R
2 R

WA SRR
k| =tany,
k, =tany,
(2)

tany = 2ax,

tany, =2Zax,

K@y ARG A WYL « filik
f sy, MMELR I B WL o Bl s,
)R (D (DR HE a WX RA
(tany )" — (tany,)’

“ 4H,

W T Ul a~a, 5 VN7, HAR A, 1
LW IO R

 [tan(90°—a,)]" — [tan(90°—a,) ]’

Yo 1H,

RO a, WG . ) e, W&
o O R W U171 1l 2 I AR 32 3 D)
M A B PG BN . 2 AL
V) RGEH E B a, >e o ARESCERL17], B
FEHEAR 23°, B0 a, >23°, o, 5 a, HARM,PTL
a,<<67°, 28 113 U A B9 EE L N 23°<<a, <<
677, ML H, AN BUE T DI R/ 2
3 B ) B 00 91 i 2k

)RR A L KRR K R BT B . ALAARE
RN L F ;£ 5 A LA FIALIR 5K A /N AN )
7r o FARTEN L0 [RII,oRE A 8 DA 78 IS 2 T 21 ik
I - e 1] W, (8 AL Ao T RE 68 R AEAE . =

(3

2

x 4)




52 NRER] A

TSR b R 4 2 T w3 7 #1088 A 9T

it 5l 79

B RARA AR BT 7 i, A BF 5T 0k T = T AR A Y
Xt R IEAT 0 M (P 3D .

& 3

=RRERSR

Fig.3 Analysis of triangle wedge model
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Fig.4 Schematic diagram of plough surface
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Fig.7 Effect diagram of trenching experiment
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Table 1  Factors and levels
WA/ PRI /mm AR/ (/)
K Wi .
| ing angle Furrowing Operating
Leve X, depth X, speed X,
—1 45 170 0.6
0 55 210 0.8
1 65 250 1.0
FIH Design-Expert 844 %5 £ 4l 47 4k 22, 15

IR T R G R E 2 B, [\ 5097 225007
% 3 Fis.,
£2 RBAFRELR

Table 2 Test scheme and result of experiment
R 20 [ & Influence factor W R ¢ /%
Test number X, /% X,/mm X,/(m/s) Response
1 45 210 0.6 2.8
2 55 210 0.8 7.2
3 55 170 0.6 8.2
4 55 210 0.8 3.9
5 65 210 0.6 7.5
6 65 250 0.8 12.5
7 45 250 0.8 35.6
8 55 210 0.8 11.8
9 55 210 0.8 4.2
10 55 250 0.6 14.3
11 45 170 0.8 12.5
12 55 210 0.8 4.6
13 55 170 1.0 13.3
14 65 170 0.8 14.2
15 45 210 1.0 29.6
16 65 210 1.0 12.5
17 55 250 1.0 22.4
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Table 3 Variance analysis of the quantity of backfill

77 22 K P Source J5 221 Sum of squares A HE Freedom )75 2% Mean square  F i F value P P value
A Model 1198.69 9 133.19 9.11 0.004 1
X, 142.80 1 142.80 9.77 0.016 7
X, 167.44 1 167.44 11.46 0.011 7
X, 253.12 1 253.12 17.32 0.004 2
X, X, 153.76 1 153.76 10.52 0.014 2
X, X, 118.81 1 118.81 8.13 0.024 6
X, X, 2.25 1 2.25 0.15 0.706 4
X3 125.29 1 125.29 8.57 0.022 1
X: 200.75 1 200.75 13.74 0.007 6
X: 7.17 1 7.17 0.49 0.506 2
5% 2% Residual 102.29 7 14.61
A Lack of fit 58.18 3 19.39 1.76 0.293 6
%2 Pure error 44,11 4 11.03
B Cor total 1 300.98 16

H:P<<0.01 FREFWEEH.P<0.05 #n2EHHEE, Note: P<L0.01 means extremely significant, P<(0.05 means significant.

XF2% 3 W Rl #E AT Z oo A LG, AT A5 e+
oo R IE R
©=6.34—4.22X , +4.58X,+5.63X, —
6.20X,X,—5.45X X, 0.75X,X,+
5.46X746.91X; +1.31X"

F2 3 AT Al . g Sy R mHE R AL P <
0.01, 3 W [l 9 46 AU A% W 3 5 2R 430 P =>0.05, B2k
PN 25, 0 BB AU B 006 %) Ok BT IH O R 5 S BR
MAF REIEM Bl 8 o 5 X, . X, . X, KR,
(e 1 A A T 5 e %o 4 e v A 3 45 R R AT 0

SR PR [ 6 A 3 R DU A /DS B R AR IR
g« BRI A <IFIE R B <Rl
23 BHMRULERIE

A1 301 S o A AR b 20K, DAFF ) 0] 4 e B /Ny
Yotk H s, 76 354 M Ry 45° ~ 657 FF I IR B
170~250 mm AEMLH# R 0.6 ~1.0 m/s 2y 3 A4
T AT AL . F Design-Expert #4845 13 % 4#
SR A N EARA R 46.22° JFIHIREE N 183.06
mm AEMV N 0.608 m/s B, B+ &k 2.34%,
S g e A Ak 25 R 0 W] AT Pk i RS B B AR AR A
46° FFIATREE 183 mm AEMVEEE N 0.6 m/s (S5
HATEM AT 3 YE E 5, J ik 25 2R 7R 1 4 [l
iy 3.2800, [ H BRI UM S 2.34 %, K 5
SR 22 0.94 AN A 43 A BIE TR A AT SR

3 i #

ABIEFEBETT T 1 3 b R 8 4 T W ) 7 BT Bt A

TR AL, AR AR B T R U], X I va AL i D) 91 |
M BLAR A A R AL 5K A 04T T 1o B . 3
P £ A e 1 91 01 il £, 3 0t o T T T
F A 8 U0 FA 36 L Ry 23°~67°, 3 sk A5 97 11 il 4k 5
T Ao ST AR R X LR MR AT T AT e T AL
WAL 307 Bk My 60°, RIERLA A+ /5
BURSK ¥ R B A B T OB B P AL S +
M EAE A SR B TR AR K A
400 mm, £ + # 5 05 # B MR 19 J M 407 ~
79.2°,

AT FE R T 5 HOR 8 A A AL OV BT e i
15 EsC R . JF i B R 5 R B L 0 R B
Va8 ] IF HL V8 FE R 200~400 mm RN 175~250
mm W8I 1, 10 58 B T Ae e M ik 90 DL 1
E AR 50 e B L BB A L T VA TR A b R X
FEVE BT i AT R e, FLBAR AR Rl 46° R IR N
183 mm AEMZEEEE 2 0.6 m/s B, TF 18 4E b 50 5 6
SRR R R A AR LR

AT GEALTE J T 15 ¥R 6 f TF 38 BLTE ) — T4
TV 5 3 5 L O TR B T 1 AL D RE S AN
Iei) X 3ok - 18 R BT 1 35 M I A 7 Tk — BT .

% X #k References

(1] B BRE, SLE R, 5 h 30 A B R HLR R A e it
ST A gl KA 442, 2019, 38(6) : 132-138. MA L,
LIAO Q X,WEI G L,et al.Design and test of seedbed subsoi-
ling and rotating device for rapeseed combined planter[ ] ].

Journal of Huazhong Agricultural University, 2019, 38 (6):



% 2

NREFI 2. QSRR R B A T R O HOE 81 A T AL i i 5 18

83

(2]

(3]

(4]

L6]

[7]

[8]

9]

132-138(in Chinese with English abstract).

SKFFHS BPCE 0L AR SRR R b AR R AT S
S LT B HORE 4 2 4, 2018, 40(5) : 702-711.ZHANG Q
S, LIAO Q X, XIAO W L, et al. Research process of tillage
technology and equipment for rapeseed growing[ J]. Chinese
journal of oil crop sciences, 2018,40(5):702-711 (in Chinese
with English abstract).

MO AR LB RE AR AR REE S R HIl K A
TR BT 5 a5 [T ] 48 el K 2= 2% 4. 2019, 38
(6):139-146.XIAO W F,SHU C X, LIAO Q X, et al. Design
and test of tillage machine combined with plough and rotary
for managing before planting rapeseed by burying of rice straw
incorp orated into soil[ J].Journal of Huazhong Agricultural U-
niversity,2019, 38 (6):138-146 (in Chinese with English ab-
stract).

XNGEMS . 1 3Ca7, B A, A B AL & S AT &%
Bt 5 IF I i IR [ AR AL 2 1. 2017, 48 (11) - 79-87.
LIU X P,XIAO W L,MA L,et al.Design and ditching quality
experiment on combined ship type opener of direct rapeseed
seeder[ ] ]. Transactions of the Chinese society for agricultural
machinery, 2017,48 (11):79-87 (in Chinese with English ab-
stract).

SRS L 5K 5 0, 1 SCT , SR Il A R XK 3h [ B A R A A
KB SB[ ] A Mk BUA - 4, 2017, 48(12) £ 33-41.
LIU X P,ZHANG Q S, XIAO W L,et al. Design and experi-
ment on symmetrical driven disc plows combined tillage ma-
chine for rice-rapeseed rotation area [ J]. Transactions of the
Chinese society for agricultural machinery,2017,48(12) :33-41
(in Chinese with English abstract).

UL O . RO LB )RR i AR it 5l
[J].400k T 72 224 ,2017,33(4) : 16-24.JIA H L,ZHENG ] X,
YUAN H F,et al. Design and experiment of profiling sliding-
knife opener[ ]J]. Transactions of the CSAE,2017,33(4):16-24
(in Chinese with English abstract).

ARILL X AR L B ST, A T 0 3K 0 ot R B O 6% R S
PERE IS ]. Rl TR 44, 2017,33(5):32-39.ZHAO S H,
LIU H J,TAN H W,et al.Design and performance experiment
of opener based on bionic sailfish head curve[ ] ]. Transactions
of the CSAE,2017,33(5):32-39 (in Chinese with English ab-
stract).

BXOAL BB S, i — , 5. 2 D) g 4R R AR 1 25 1 i 0
S ]. & T 2% 4], 2018, 34 (11) . 58-67. ZHAO S H,
TAN H W,WANG J Y,et al.Design and experiment of multi-
functional integrated seeding opener [ ] ]. Transactions of the
CSAE,2018,34(11) :58-67(in Chinese with English abstract).
f BRI, S, BB L BB A G 3 S B A T Vi 28
BB A TR 4441, 2017.33(20) : 23-31.BAO P F, WU
M L,GUAN C Y, et al. Design of plow-rotary style ditching
and ridging device for rapeseed seeding[J]. Transactions of the

CSAE,2017,33(20) :23-31(in Chinese with English abstract).

[10] SOLHJOU A,FIELKE ] M,DESBIOLLES ] M A, et al.Soil

translocation by narrow openers with various bent leg geome-

tries[ ] ].Biosystems engineering,2014,127(1) :41-49.

(117 WP B, B AR . 45, 2BFQ-6 M 38 ks B I & B IR ALIY

BT ] A AL 4, 2008,39(10) : 211-213. TIAN B P, LI-
AO Q X,HUANG H D, et al.Design of 2BFQ-6 type rape pre-
cision combined direct seeding machine[ J]. Transactions of the
Chinese society for agricultural machinery,2008,39(10):211-
213(in Chinese with English abstract).

(127 g RS, S BB ¥ 450 3% B4 AL A 5 i 3 i 22 44 i

AT 73 7 55 BH 7 R 4 s L) ] AR M HLAK 2 41, 2014, 45 (2) 130~
135.ZHANG Q S,JI W F,LIAO Y T,et al. Surface analysis
and resistance characteristics experiment on ditch plow ahead
of direct rapeseed seeder[ ] ]. Transactions of the Chinese socie-
ty for agricultural machinery,2014,45(2) :130-135 (in Chinese

with English abstract).

(137 gk H . BE P 0 SC I 459 5% B4R WL e 92 i A2 ot vl 8 £k

S [T Al HLAE % iz, 2015, 46 (1) :53-59.ZHANG Q S,
LIAO Q X,JI W F,et al. Surface optimization and experiment
on ditch plow of direct rapeseed seeder [ J]. Transactions of the
Chinese society for agricultural machinery,2015,46 (1) :53-59

(in Chinese with English abstract).

[14] @Bt R, B i g, S5 P B BT 2y 0T W 2 B i it 5

[1

5

UL T IR AR ol R 2 2 4l CH AR B 22 RO . 2017, 43(3) £ 320-
323.BAO P F,WU M L,LUO H F,et al. Design and experi-
ment of ditching device with central spiral soil splitter [J].
Journal of Hunan Agricultural University(natural sciences edi-

tion) ,2017,43(3) :320-323(in Chinese with English abstract).

1 XUIGERG 5k 3 0 XS L 45 2 F 3y JLf 5 EDEM R iy 51T

A ) % 5 i ol T2 P L] A LA 7 412 . 2019,,50(8) : 59-69.
LIU X P,ZHANG Q S,LIU L C,et al. Surface optimization of
ship type ditching system based on differential geometry and
EDEM simulation[ ]J]. Transactions of the Chinese society for
agricultural machinery, 2019, 50(8):59-69 (in Chinese with

English abstract).

[16] DAMORA D,PANDEY K P.Evaluation of performance of fur-

row openers of combined seed fertilizer drills[ J].Soil and till-

age research,1995,34(2):127-139.

[17] TESSIER S,SAXTON K E,PAPENDICK R I, et al.Zero-till-

age furrow opener effects on seed environment and wheat e-

mergencel J].Soil and tillage research,1991,21(3/4) :347-360.

(18] 2 ity v A Al 11 G BF dih 3 48 b MLOT 38 3625 i il e BF 5 [ DL K

Y EE Al K 2%, 2006.LUO H F. Experimental research on
the ditching components of no-tillage sower in paddy stubble
field[ D]. Changsha: Hunan Agricultural University, 2006 (in

Chinese with English abstract).

[19] A B A lb ALARAL B2 8F 52 e AR Mk LA B2 3 F M LML dE st

¥ Ml Bh 2 R AL, 2007. China Academy of Agricultural
Mechanization Sciences. Handbook of agricultural machinery
design[ M. Beijing: China Agricultural Science and Technolo-
gy Press,2007(in Chinese).



84 o Al R R R 5§40 &

Design and test of a boot-like acute angle furrow plough
for preparing ditch of rapeseed seedbed

BU Xiangli, LIAO Qingxi,SUN Wencheng, WEI Guoliang,ZHANG Qingsong, WANG Pengcheng

College of Engineering /Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River , Huazhong Agricultural University ,Wuhan 430070,China

Abstract In view of the complex conditions of soil stickiness and compaction,large fluctuations of
soil water content,large retention of previous rice straw,and the production requirements of furrow for
rapeseed planting in the middle and lower reaches of the Yangtze River,a furrow plough with boot shape
and sharp angle was developed to mechanically prepare ditch for rapeseed seedbed. A smooth parabola
was selected as the sliding edge curve,and a three-sided wedge model of the imitating boot-shaped acute-
angled furrowing plough was established. Simultaneously, the dynamic analyses of the interaction be-
tween the plough body and the soil were carried out. Results showed that the sliding angle of the sliding
cutting edge curve ranged from 23° to 67°,the plow body entry angle was 30°,the plow tip opening angle
was 60°,the length of the retaining plate was 400 mm.,and the wing angle varied from 40° to 79.2°. Re-
sults of field trials showed that the shoe-shaped acute-angle ditching plow can produce trapezoidal
grooves with a width and depth of 200-400 mm and 175-250 mm, respectively. The stability of the groove
width and depth was 90.6 % and 92.4 % ,respectively. After the unit operation,the soil adhesion capacity
of plough was 238 g on average and no grass choked the plough,indicating that the unit has good feasi-
bility. Fin inclination angle, furrow depth,and operating speed significantly affected working quality of
ditching (such as soil return quantity) in the increasing order of fin inclination angle,{furrow depth,and
operating speed. Furthermore, an orthogonal experiment with Design-Expert software was designed to
obtain the optimal combination of parameters. The optimized parameters were wing angle of 46.22°,ditc-
hing depth of 183.06 mm.,and operating speed of 0.6 m/s. Under this condition,soil return quantity was
2.34%. In order to verify the feasibility of the optimization,a field experiment with a wing angle of 46°,
a ditching depth of 183 mm,and operating speed of 0.6 m/s was carried out in the demonstration base of
whole-process mechanized production of rice-rapeseed rotation in Jianli County, Jingzhou City, Hubei
Province. 3.28% of soil return quantity and 0.94% of the difference of the test results were observed. It
is indicated that a furrow plough designed with boot shape and sharp angle has a better ditching effect,
which meets the agronomic requirements of rapeseed planting. It will provide a reference for preparing
canola ditches in the middle and lower reaches of the Yangtze River. This study only carried out the op-
eration quality test of the bootleg sharp angle furrow plough under the same working condition. The
power consumption of the bootleg sharp angle furrow plough and the applicability of the soil environ-
ment in different regions need to be further studied.

Keywords rapeseed direct seeder; seedbed preparation; ditching plough; boot-like; tillage; me-

chanical ditching
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