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Design and Experiment of Convex Ridge Surface Shaping Device
for Rapeseed Direct Seeding
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Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; In response to the challenges encountered in the existing rice-rapeseed rotation area during the
precision combined direct seeding bed preparation for rapeseed, which involves using rotary tillage drag
plates to level the bed surface and a traction-type furrow opener plow to create furrows, issues such as
uneven bed surface and unstable furrow patierns are prone to occur. To address these concerns, a
construction process for a precision combined direct seeding bed with convex ridge surface for rapeseed
was proposed. It involved rotary tillage for ridge formation and residue burial, enclosed furrow opening,
active rotary compaction and shaping, and controlled furrow opening for precision seeding. To achieve
this, a specialized device was designed, comprising a furrow opening plow, a rotary tillage and ridging
knife assembly, a shaping mechanism, and a variable neck shaping roller. This integrated system enabled
the formation and compaction of ridges and furrows, leading to convex-shaped planting beds.
Furthermore, the system incorporated a circular furrow opener to create furrows while simultaneously
ensuring controlled seeding depth. Following the requirements for furrow opening in rapeseed cultivation,
a combination of furrow-opening plow units with distinct curved surfaces was designed. Taking into
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account the proposed bed construction process and soil movement patterns, the structural design of the
variable neck shaping roller, the mechanical analysis, and the pressure control mechanism were
performed. Orthogonal experiments were conducted through EDEM simulation, and response surface
analysis was performed. The stable box surface angle a and the maximum furrow wall angle 8 were set as
objectives. The optimal working parameters obtained were as follows: device forward speed was
3.8 km/h, rotary tillage blade speed was 280 r/min, and shaping roller speed was 147 r/min. Field test
results indicated that the device achieved stable ridge surface profiles and furrow shapes post-operation.
The profiling component demonstrated effective pressure control, achieving a ridge surface inclination
angle of 2.94° and a furrow wall inclination angle of 49.09°, with inclination stability coefficients
exceeding 90% . The ridge surface evenness was 12. 31 mm, and the soil firmness stability coefficient was
91.77% . Both furrow depth and width stability coefficent exceeded 90% , with clear furrowed seed
grooves and satisfactory seedling emergence. Tracking the furrow shape evolution throughout the rapeseed
growth cycle revealed that during the winter and spring growth periods, the average furrow depth was
decreased by 31.68% , and the average furrow width was increased by 21.65% , with no furrow wall
collapse observed. The device’s quality of furrow formation, ridge surface shaping, pressure control, and
planting depth control all met the requirements for rapeseed cultivation. The research result can provide
valuable reference for the improvement and design enhancement of precision combined direct-seeding
machines for rapeseed cultivation.
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Fig. 1 Structure schematic of ridging shaping device
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Tab.1 Main technical parameters of machines
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Fig.2  Agronomic realization process and supporting devices
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Fig.3 Schematic of furrow opening components
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Fig.4 Variation patterns of plow body guiding curves and rake angle prior to furrow opening
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Fig.5 Variation patterns of plow body guiding curves and rake angle after furrow opening
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Fig.6  Variable journal shaping roller working diagram
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DI B IR C il A2, DL 28 e i i
1 o T TR 34 B T B AR O i R A Be e o
Design-Expert #/4: 5% F Box — Behnken & 56 J7 1% %
=R =IKOPIEZH GRS Tedt 1 2 IR
ERFLH FHE L, Be PRIt /] % 230 ~ 360 /min;
FVL AT e DR 0 AR AL I i S
2 km/h' g0 e R, U 17 BRI
RUHERE N 2 ~ 5 km/h; BRI X G e R 8 HL
FEATBRAE , R4S BRATURTTH , 2 4R 5% 1 N 2 92
151, UK R 5 3 0 7KF-153H 2 155 v/min, 1 7K
STk 190 v/ min, {845 BHIE i i AL T2 011
JKF-ria], D R I R 5 Ry 120 ~ 190 o/ min,, 155
K2 it an 3k 3 Fiis .
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Tab.3 Factors and codings
Gl T A/ JiERk )% R IR
(km-h™") B/(r-min~") C/(remin~")
-1 2.0 230 120
0 3.5 295 155
1 5.0 360 190

i B4 R, MU Clipping T 23S B AL
LIRS AT RAE , SFHE A S A L HEUT AR,
PEATRE R ER I, WA 11 B, IR TS KT R A
IR oo, WA TR 3557 5 7 F- TSI A S Y i ABTA B
0 A0 5 R TR -5 90 5 G , 0 ek 5 D10 v 50O TR
FARA ST, A5 AB0A - 3 6 B R Aol T 00 T
T B A R S A

(a) I EREA

v
EY B Aa
A

(b) FRBRHHE
L R A s

Methods for measuring box surface inclination

Fig. 11

angle and furrow wall inclination angle
3.3 HRSW
WA AR SR 4 FioR, X, X, X, O R G
e
x4 HEABRER

Tab.4 Simulation test results

%
igf A MEHE) s Iﬁﬁiﬁfﬁ w ﬁtﬁfﬁ
Yomgx, WX, X, g
1 1 1 0 3.18 46. 20
2 0 -1 -1 2.31 50. 57
3 1 1 2.84 46. 95
4 0 0 3.74 52.05
5 -1 -1 0 3.15 47.16
6 0 1 1 3.36 48.92
7 0 -1 1 2.79 50.75
8 -1 0 -1 4.37 50.97
9 0 0 0 3.19 52.20
10 0 1 -1 3.68 51.13
11 -1 1 0 5.54 52.87
12 0 0 0 3.29 57.20
13 0 0 0 3.05 53.27
14 -1 0 1 4.22 48.72
15 1 -1 0 2.31 53. 89
16 0 0 0 3.22 55.38
17 1 0 -1 2.91 51.43

fili 1] Design-Expert £{F 4k BEAH G Ktk , LUR AT
15U o FIBEEGUFA By AL f e 57 [l A RS, Ty 22
IIHTERANEE S PR .

RS ERKRBFESN

Tab.5 Analysis of variance of regression model

W R i

wi kw0 g R i

s 9.46 9 1.05  13.94 0.0011*
X, 4.56 1 4.56  60.60 0.0001*
X, 3.38 1 3.38  44.92  0.0003*
X;  0.0005 1 0.0005 0.0060 0.9405

X, X,  0.58 1 0.58  7.68 0.0277*

X, X5 0.0016 1 0.0016 0.021  0.8882

XX, 0.16 1 0.16 213  0.1881

“ X 0.67 1 0.67 8.89 0.0205"

X3 0. 097 1 0.097 1.28  0.2944
X3 0. 052 1 0.052 0.7 0.4318
4 0.53 7 0.075

L 0.25 3 0.084 1.22  0.4101
w2 0.27 4 0. 069

A 9.99 16

Bl 118.18 9 13.13  4.04 0.0397*
X, 0.1938 1 0.1938 0.0595 0.8142
X, 1.32 1 1.32  0.4045 0.5450
X, 9.59 1 9.59 295 0.1297

XX,  44.92 1 44.92  13.81 0.0075*

X, X, 1.24 1 1.24  0.3821 0.5561

X, X, 1.43 1 1.43  0.4389 0.5289

B X2 24.42 1 24.42  7.50 0.0289*

X3 10. 55 1 10.55 3.24  0.1147
X3 18.47 1 18.47 5.68 0.0487*

A 22,78 7 3.25

gl 3.06 3 1.02 0.2069 0.8868

®E 19.72 4 4.93

AT 140.96 16

T o FORZEFMWE (P <0.01), « FRERWE (0.0l <
P<0.05),

e 5 A R A o MR P <0. 01,74
Befwiff B IRIJHAEAY P <0. 05, AU K F 0. 05, 3%
A ] DA o Ay, FOL 5 B o

BEXTRATEA A o, BUESRJE X, BERE )55 X,
VR B0 0 X6 P T U0 2 AR S =, i g o P
iU XT S HIH X X, B0 S 5 AT X i 9 ) 555
A B, T i T EE RN e #F T A B X, X, XA 5
100 £ EL A A 8 5 R ), R T I X R AR
B RSV 7 I5 XS WA [0 02 350 X6 9 5% 4650 £ B )
AR R A ) B o 3 BT X\ X, ) I K% A A
AR N | 7 N T = o= s DA SR CINE L )
N7l T 7 R
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a=3.18 -0.76X, +0.65X, —0. 01X, —0. 38X, X, +
0.38X;
B=53.35-0.16X, -0.41X, - 1. 1X, -3.35X X, -

2.49X; 2. 18X;
(16)

HE S Al S B I AN X X, R 2, N AT
G I MVGE R 71 2 s 52 B A X R o e A7 A1
SRR B W R R B TR R 5 D 155 1/min,
ey 7 A TET AN A 12 s o fh AL 12a AT, 2 e b
TV A KT IR T 16T A Bl A ) e s
BEOR, HLAE R B A AR 2B A B S W X 5 ATl
ERREAS AT R T 05T A7 it 5 72 8 R Bt S
RS T V-2 (R A B, 1 e R 0 3 3 5 g g 2% 3
ST . P 12b Al FEAR T R T T VA
S U A BRE R B ) e T 6 A T4 K, A e T T
I BRI 7] 2 o 8 T D /) 5 7 2 32X 9 5 A
SN 5 AR AEARERIE ] 4 3 R iy i A
e BRI ) A S g TR S RE ) T 00T A4 ) 9 B A
PRI RSB RN, 32 2R T A7 X ] P
SO A AN 3 T 1) SR TR TRIC AR PN 4 s A D
SFECEIC AT I B IE I B RS AT 5 U
PRI , A ZRATHEE R At 5 4D R T AT A RIS A PR 7 S
TR AR R — R AR AF T, 7 1 R v ) 2

Sibi JIEBE ) B

e
/f-ﬁﬁ 230 2.0
by, 230 20

(a)

P12 2B AR R L 1 (X5 =0)

Fig. 12 Response surfaces for interaction

3.4 SEMK
TEARALIZ AT S 40, I T i £ 1075 722 T 25 8 T
B HE BT AR B IR A — B R, S Al AR E
8%, 98/ NHE K BEE YR T8 I B A NS AT REC . (il
JH Design-Expert {4 it Optimization 5 B 347 854
AT AN A )y A8 B kA
a(A,B,C) =3°
maxB =f(A,B,C)
2 km/h<A<5 km/h (17)
s. t. {230 r/min < B<360 r/min
120 /min<C<190 r/min
KA RIS, e 05 BRI i iz 72
Ok ATHEEE 3. 8 km/h R )54 278 1/ min %
TR 147 v/ min, T HLEIN T, BERF ] e 8
B 280 v/min , i ]iZis 17 S 8T 07 2l 5,
IFJRATRD £ 2y 3. 03° , BEEVAI VA B LA Oy 54. 25°

4 HIELE

4.1 RIGEH

Sh RS 38  ZE MR T AL R BT RE, SRR
PGS BN SA  BEG EAG AL o™ 28 M T A A ke
B TR PO R IO R B, TR
JE Jr T AL e T ()R g, a6 s HR Ry o R A 2
Hi, b R WA RS WOR P 5 7, T PR, il
B TOLaNER 6 s, BHLECE 3h )y o RS
M1004 BUGHIHL, J5 HEA SR RS ALY
ZEJRATHT P 206, I TR A B G = 4RO AL
(TrimbleTx8 BY) | 3 U 52 J il gAY g 1 K 4
RO R 1A 45

F6 RWAEHEEBIRZSH
Tab.6 Field conditions before test

ZH B fE
+ IR S /kPa 2914.63
T HEE IR % 23.13
+HEATE/ (grom ) 1.51
M EFEFFE/ (gom™?) 1216.37
FEAF K% % 52.31
FEF A E )/ mm 213.62

4.2 RKIWHE

FH [R5 o ML L i R A 3. 8 km/h Jié ) I
L K 280 r/min EETE S5 N 147 v/ min, BAYRAE
AP ATRE R 50 m, BriE] 30 m Al X, SR
NY/T 740—2003 { [ &) F &) HLARAE Ml 57 &) . GB/T
5668—2008{ FERHLY 5 NY/T 1143—2006 { 3% Fh L
Bt PEMT RO R FLAE ) , 45 G AL A% B T I S A A
R T 2B R TR R YR AR ARy < R T AN
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TR BRABT Ay e e M 2R e TR RS s P 2R R

THPALRE RS e 4% FEAFHE R |

HRATBTR JAISRIT JRR TP 2 BN E T kAR

6 R T 2 TR A0 A0 90 TR AR A 0 T >R P AR 4
A AT 7 R ALRARML SE U, BT = HE
S BGRBUR I =4 R A = . FEB MR E LT
M XIS, SR AECBURTI 2 [ 10 48R, 8 i
AT A B EA T i e APL , D) ek 4 TR T 16 Y A5
(s, DARE R AILRAR Ml R T {654 A S i 4
PEEWS)

P

a, = lzjlv
N (18)
o

B. = lfN

Arf Nl X A o 5 B T % H
o5 i ZH I XA N R TR A L (©)
o, — A A A, (°)
B—5 i AL DX BN YA R (A, (©)
B.——HIRALEE, (°)

O T TP 2R JE I, i B TR A8 I A8 5 O R AT
M2, 38 DR A PRAR I 2 58 s Bt 26
SR R b 25 O, 005 b e 22 L v il R A R
S, AL A — AT PR B R PR T O

P= (19)
ﬁ | X; - Xl
Hrp Pi:f:‘T (20)
A X5 BORRTE AR 7 A A5 00 v il 4R A
(&, mm
X[ —55 i B 5 j A~ 0 JF 81 42 B0 A A
(&, mm
N—45 i BE I s S

P—55 i B I-F# E , mm

P— i P B, mm
4.3 KBEERS5HH
4.3.1 (2R TR T

o1y 22 R TR ) 2 T T D IR KR 1T A5 = [

WA 13 froR , R A i i an & 7 Jiow , AL
SRR REVG I IE RS E , T IR T e a4, il
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55 0™ 28 R T AL AR, R ) G, 80
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Fig. 13 Field experiment effects
L 28 R TR e AR DX 2. S T R AR o X35

®7 FEEHMERE
Tab.7 Construction effect of box surface
21 HfE e B fE
JRTE A () 2.94 || JRETE AR RS T R AL % 95.45
SRR () 49.09 || YRS M AR e R L % 90. 82

WA A T/ mm 185. 34 || IR E MR KL % 94.36
WEE 9% 74 G/ mm 371. 82 || ViR EME R AL % 93.71
LIRS/ kPa 1267, 44 LIRIRSERE RS/ % 91,77

TR /mm 12,31
T FF 7 R % 89.32

Bl RE 3/ % 88.31

T, E SR 25T, B 5 2825 R R ] 7
SE 2 JRE TR e, A ] [ A RE R L L S
S THT R TAL , H TS TR R A v e UK B R

I8 7 WA, ™ 28 JFA TR0 R 2B A i R T
R 2. 94° Y BE A R 49. 09° WA AR E T R Y
KT 90% ; BE VA F- ¥ K 2 185. 34 mm, 5 55
371. 82 mm VAR B H vike e R B KT 0% ,F5 6
MUK T35 1 8 IR ST RE Oy 1 267. 4 kPa,
FAE T ARAE M Hb 2 FEAG 56. 51% , 4 3 IR 52 fa i
PERECN 1. TT% 5T & B e T 1 il A5 R A e
VR TR P2 B R 12, 31 mm, F R R 4%k 88. 31% ,
FFHLTE 2R 89. 32% , A1 L IR AT ) 22 2050 S Wl A2 7 =%
HREMEESR, BRI 45 d 5 H i SCR K 13
FFEo O A, B —BOE AT, R R 3. 945 X
10° #k/hm? 35 fE IR AR 2R
4.3.2 WEVAIEIEEAR

Shy RS 38 ™ 2 JRE TR R A 2 A e VA VAT AR
FEPE 2K Trimble BOGAAIUFNIBOY 25 3R HUE A 74
TEAR IR, BRER S0 AT ™ 22 R TF0 ) 2 5 R AR VL ) 1)
BEVAVAIE AR o i AT Z2 O HREL A1 B mE Y YA OE il
2, VA TR B B B[] A8 Ak il 26 4n &1 14 froR. i
B 14 T LA B2 B 1) 9 9 A%, IR T 300 2% 1 1+ 4
S T ULRIEVA b REI IR A 1, ISR
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Wl oK 7 i 3 AR K R I O, OF S8 e I R EE
18.53 cm 7AF & 12.66 cm, V- ¥ w15 I B UK
31. 68% , V14 LA B i rh 37. 18 em ZAF BE 52 45. 23 em,
S b B VA B B HE K 21, 65% AN BRI A
W, BEVAE Y S 2218 M~ AL, R B KA B I
FEC R H R HEK RS

) el 4 Yl 570 d
£ 545d —{EALJ5130d

Ve 5 150 d

—

N /o

100 200 30( 600 700 800 900

14 VA TR 2 BE IS 18] 19 A8 ARt 28

Fig. 14  Curves of furrow depth changing with time
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