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Design and Experiment of Ridge-forming Device for Micro-ridge
Combined Direct Seeder of Rapeseed in Rice Stubble Fields

Li Lin' Liao Qingxi'® Wang Xufeng’ Du Wenbin' Yuan Hua' Lin Jianxin' Xiao Wenli'*
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Minustry of Agriculture and Rural Affairs, Wuhan 430070, China
3. College of Mechanical and Electronic Engineering, Tarim University, Alar 843300, China)

Abstract; Aiming to address the risks of drought and waterlogging stress in rapeseed caused by uneven
spatiotemporal rainfall distribution in the middle and lower Yangtze River region, as well as challenges in
direct seeding under rice-rapeseed rotation due to high straw volume and soil compaction, a micro-ridge
direct seeding technology was proposed. This technology integrated stubble plowing, rotary tillage, ridge
forming, active rolling, and surface seeding. A precision combined seeder with a stubble-burying and
ridge-forming device was developed. Using the ruled surface method, the plow surface was designed, and
soil clod kinematics were analyzed to establish a model and determine maximum displacements in three
axes. Rotary blade arrangement was optimized for uniform ridge formation, complemented by a soil-
separating and ridge-forming device. Structural parameters of the micro-ridge shaping roller were designed
based on agronomic requirements, and an optimal speed ratio between the rotary blade shaft and shaping
roller was determined. Field tests demonstrated the plow group’s average tillage depth of 188 ~ 195 mm,
depth stability coefficient not less than 85.29% , and stubble turnover rate not less than 80.19%. The
seeder achieved a stubble burial rate not less than 80.32% , soil breaking rate not less than 81.69% ,
micro-ridge height of 146 ~ 149 mm, bottom and top widths of 348 ~352 mm, and ridge stability coefficient
not less than 80.33% , meeting micro-ridge seeding requirements. The research result can provide a
reference for stubble plowing and micro-ridge seedbed preparation in mechanical rapeseed direct seeding.
Key words: rapeseed sowing machine; micro-ridge preparation; rice stubble fields; micro-ridge
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seeder for rapeseed in rice stubble fields
LIBFA 2. BERSHERL 3L ERHEE 4 JFRAAL 5. oGk
FAEHRIT 6. —REEFAMLIHIT TR 8. Lk 9. %
10, SAMFREDER 11 S ERHZELCE 12, S

13. ZBRIE 5F R

SR ZETIRE . 2R A e ) S e P A i JE
I 250, S MR S T S BRI DA
i B ) s 2B B TR A 4R R T 2 iR e 5K, il oo 3 1
FBEE XS W UG 2B AR St — BT | 4 T 2B R 45
FEMES 2B U — 20k, #& R R A% 2R A HE
I B TR R Ly AL
RESfng 1 PR,
1 IEEASH

Tab.1 Main technical parameters

e e
AME RS (K x 56 x )/ (mm x mm x mm) 2 050 x2 300 x 1 500
TAENE 8/ mm 2300
Al &%/ kW 70 ~90
FEV#E/ (km-h ") 5~6
PREHAL & 6
BRI/ mm 180 ~200
TEHFREE/ mm 100 ~ 120
W V4 58/ mm 200 ~ 300
I VA R/ mm =150
MZEF TR AT 6
2B AR/ mm 350
T2 B/ mm 120 ~ 150
RERITEU AT 10
FEFIAT I/ mm 160 ~175

1.3 I{Eid#E
FErAEHLSRA G S BRI AR AR AN &l 3
JiR A0 4E . OZLE) St A . B A S AL A b 3%
AT R DS B A | ) I ) A ot 7 v i) A
B O+ [F) 20T B i . e A4 5 AL i b 3R e
BEIE A WO ek v AL [R5 I eV . 43R4
28 TRERETTK IV JE ik | 43 B 2e
EORE SR WA 4 T, PR 2B 9 S ) A
&, QREERRETY BRI a3 &
B AR SRAE 2 BC B0 T, %0 20 AR i R 2B A T 3

SR IR EHE N B R B A v 2B — B
FI . O 0f 28 TOURI 28 V8 JE 47 6 M (1% Fh T Fh
PRAGIAT) , B TSRl R FH ST 48 Bl AN X o
(6] 2B 90 BEATRE R AL, BRI T RO 10,

K3 FEAEH ISR R R I BRI s B IR
Fig.3 Schematic of operation of rape micro-ridge precision

combined direct seeding machine in rice stubble field
LAGRHL 2. KFEFEAT 3. FAFE MBI SN2 R i I ELRR L
4. W S5URZETR 6. BRI 7. AR T

2 KRBT

2.1 BREHRHHSSHLIT
2.1.1 BRI HEA

L5 ZHERIR ARV EHEA =X, I ReT i
SENH LR, WA 4 Fis, &t T —#
1 6 EZHERL 2T B ) RCHE S 1) B P17 AL A, 76 4
PR AL ) RS IR L PRUE T AL AR R
BKR,

B4 WCHER A FAT AL
Fig.4 Double-row reverse parallel plow set
2.1.2  AUARAh mE R R
RN L sl B Y+ Fa
FIEE 3 B B, DL SE 6T b R 2E 1 A RS
BT BERAA T B AR S5 A AL HE X iR
TH—F0A 7 B H A G0 1) 57 B A5/ N 28488 AL LA
SCERRE A T 00T SERE RN 3
HRAE B S0 Y BB A AL R il i an 1 S5
o H o, ot AR WS ABCD A R L
SRS A0 TC LR A4 — o R YR 3 T AR s A Ak iy
T, AL T AR AL AL AN AL AL SE D)+
A H B 4B b T I S H A BHEE 1 9\ ) 2



4

bR A RIS R IR A B L 22 B RO R 141

K5 B e B A

Fig.5 Knife cutting pattern and area

1A 2 Al 3. AU3E

(], HLSE L A B 20 B ; L350 il - Rt — 20 Bl
IHEZFEE , B ISR,
2.1.3 Bk SHBT

TEAE Ao A B2 5 3 A 28 b O 52 I e AR
MINBEEOR . SRS AR TR, 1L e e xR 5 i
VRS 5 VA BESEHENE LI R (R 25 1 ) — Bubk, i B2k
ARLTEN 2 NS A R R R 2 i SR L, i
it B R B ) (2 RS /N HL BB PE g i, (A I, Y
AT A8 =T RS B AR DN Rl R TR AL
i oA A S PR A P, DA S B e AR B AE IR [ ik
FHAR ELAR T B Y 2 A R D SRR 2 B 2454
M A 73 EE i (R 28 TP 4R R4 MR 26 1F

e A 1AL B R A RN 1) 137 8% S ph
TR TR AR E R, A7 T 2R
PRI 6 B, S22 B AB bWk B
BC MIBYR CD #: Horhr AB VEFCALHERR 7, I H Ty
RECI D) E AL, [H I e F B2k B s BC T e AL i v
3, RO 32 2T RE 0400 20 e |, DR e FH A P 46
5, RERZ L W45 G JuZ AR G R T 4 SRR
CD VERC ATy, I I e o ik — 20 B e 62 A

3 ““””u"““—““_“ D
"”—»—»“—_—_“—“"( QN

O bl

0

% T C

z,

e

z Ve
1 i B

Nt ™

Ko FihznER

Fig.6  Curve diagram

UEBE ISR, 2 ab kb i 2 nl T Hodh i B A bR

H(y,,2) BN tana; 1, C B4R (y,,2,) , BEF

A tanB; 1 D AEFR R (s ,25) o

FM& ST N

ky (AB B)

(BC B) (1)
JPP =y +h (CD B

K kab.c h—FH

CD B BIREAR  em

A& 6 n 15

z=4ay’ +by +c

r

tana =k =2ay, +b
tanB =2ay, +b = ;yz -
NT )
2
= 2
Lin sino (2)
L=y, -y
hy =z, -z
hy, =z, —z,
Xb 1,——HZBAB K em
I—ZR BC JTEE ,em

h,—Yk BC &1, cm
h, FER CD & ,cm
WAL SHOTFE(L) (2) AT A5

k =tana

_ hy —lhana
Tt -2l
2(h, - ltanar)
(3, +y,=2)1

c=h, +1,sina - (ayi +by,)

b =tana -

Y2
2by, +¢

M (3) AT AL S T R R AL RA o,
0o B B 1, ML EE | S & b, A
LR = B by e, S HRSCHR 19 ] BUAR T 7 ik
S 245 S BORE A [, OF 45 A B ALK il 1
PR B BT R AR O T il R R R
FIAR T, 384 06 R0 E 1 18 1 e 1% - G 004l B 5 9 I
BURELE 28 A B o K, W PR RE AT, (HLRE 7 3%
K, ZBBIARR AT R V) £ Fda 6 R L
{H 28°; Ui L4k 1, % R BLEEER 43, AU £+ R 5
mVER, AR & BIEIEE, B /ME 13 em; il
WIZ T B 1 /)N A b TR o A /B
15 em; PILRFE b P + &5 TR N BEE
BE b, 8RB A o R RO, R O R R (A
25 em; [AIRZR CD 1E Tl 4 oK vty , X 07 1) A 3L gt

h=h, +1sino —



142 B A1 R = 4

2026 4F

TR SR, BN R B by B, 0 B =
AT, I B /A 10 em, B L3 BUE AR A
ROk N 0.53;a N 1.61 x 10726 K
0.50;¢ 8 7.43;h 7 31. 11 cm;r S5 26. 49 cm,

TCAA LA LA B e s AL it v 0 1
TV fE, B P AR 5 e H A R 0 25
2 PR e RS T 2 4 LR R RE R
e AU AL At a2 ot B R S A3 o 2k A K 2
18, BLIE TR e A AR

St AR £ RE IR ARALAERH ) | e ELG
UioCZ S 0,0 35°; R E AL A B L ERE, B AG
oy 15°, BIRuRICZ A 0,20 50°, 1R TE R i m T2k
FAAEACRUR I DA S 42 DR T 6 A 5 AL =

0, (0<z<z))

(4)

B d(z-2)"+6, (z <z<z)
e L —
H I 6 Az, =1,,sina, fUA a =28° LUK 1, =
13 cm, 7533 z, =6. 10 em, # 0, =50° .6, =35° .z, =
hy +h, +z fCAR(4) 58] d =1.22 x10 7%, JuZfH
AL 7 FR

0
03

A0

[’/
0(2)0) 1 z 3
B7  Jedk AR SR
Fig.7 Schematic of original line angle variation

2.1.4 AR B R

H1 T 3 HUBR AR A B 4% 43 B - 4 R £
T RRA  BUE S A — B R E AR X 4, VRN
SR Q&L FEMEM R, @8I,
I SHRR 3 TR S OAUAS L&
HAEBYBERT, - B B AL AR I

HRAE + B RLACOR [ B iz R3S, WKl 8
JiR, b - R sk o Ry 3 AB B OFL4ERT 1
BT B, @4 bt AL S VR AL il T b A
Wi B, @RI AR IR MYE B, 5
M 3 AR BT, DL B RFFEXTS E LHhES
LR BURNNSFE R,

(1) BLEEXT R R FRY B, BLEET) - F146 +
i, H &Iz gk EThiE gl Pt 8637 S
K9 fitoR, Hirf AT Sk 832 S i 5 A X B0
N2k ;0 AR TEL A1 54 R 2 BFIRE X B D 2%
Al 1211 20z ERGELZ RIS s HYIZk AT 5

0

z, z

04) x
K8 tfRizghidf
Fig. 8 Soil movement process

B9 - ERTEHE ABLHEN 1Y 3Z ST B

Fig.9 Soil stress conditions upon entering plowshare
y FhZ Al A

TR G R T MR, AT AR LR
JEHF ST IIE ) EAR TR AR

rhili B AR TR 2 2R 02 BRI AR A8 T | T TR 4
PEJE S 2P D A 50, R AL 226 ff W IR JU 4k
i AUATT IR BLHE S T IR R IR
S IR BB R R S5 R R ITE LRI g R F R
N TR) 25 S JARE TS ARDRS 0 J3E 1 22 5 0 5 R X i R R
AN KR B2 A R A 5 ) P ol ff, 2 ROk 19 ]
TR R BTN

=t (5)

Ue‘
K p—— RS R
TR AV AUATTER T m/s
T ERAEXT HEE  m/s
A EEE AL 32 T3 DU T A AR AL T X
gy o ORI L2 RS R F i S E AR
M5

1}8

Ur

_dm

P (©)

Ao S AR LT
v, —— B A BT A X | /s

A1 (6) AT, A AR bR 7 16 2 )



5514 1 ZEPK 4 REAEHD T SEMUEIE A B LR 2% B ik 143
dm GRS
Fx =7, ax
dt FAt=m(v, -v,) (13)
F},: _Chﬂva, (7) :TZE:EP F—iL%%jj,N
b At—— - ERIE B AL ] s
E:%% v o F BT E ML 5 B, /s

b P —— b AE I )N
F—— - AE 5 I71 1% 7, N
F— 875 5 71 1 N

v, HRAE x Jr ) B AT m/s
v,,—— A y I7 1] X m/s
v, —— T ARTE 2 7 1) A% M m/s

FARLINFIE] de R AN BLHE GRS
dim:alblﬁﬂ:a,b,ﬂu
de g dt g
X a, ﬁ%ﬂﬁ,cm
b,——HFR , cm
g— TN E B 9. 8 m/s”
S50 R AR BT R | R R
JEEEIRIER AL - N2 56 A ] A5 B 2 )
JEH

(8)

v, =0, Y1+ = Jpcosn (9)
X p—— R G R R R
B (9) b v, BEE BN A bR L T 15
v, =Y sinfsinn
v, =0, (eost ~ 1) (10)
v,, = v, cos{sinn

B0 (8) ~ (10)fRAF(6) ~ (7)7]17
F=a‘g%§ ST+ 9% ~2cosn (11)

a0, . .
F =y ——v,sindsinny
' g

a,b,0 ,
F, = e v, (Pcosn —1) (12)

@,0,9 , .
F. =y —v,cos{sinn
8

(1) (12) AT, RS R R 2
TIN5 i S A A R (AR
) AT S y Bl £ (AL A
A MPeE ) iR R

(2) WT RS i T L TR ER AL B B 45 A AR
JE o, KRNG5 IR FEARAS 4o X5 B o, 2810 E
FEXT R v, R0 T80, R AE AL Y B o0 BT+ B AH
X} TR AR ] A

WE 10 i BB e m 1Y+ EIE AL RETE
Ar S [] P9 4 X6 S RE /v, AR R R v, , BB SF AR

v, —— L EMOTHIEE  m/s

o) ' X

K10 AR S SR E A
Fig. 10  Diagram of dirt movement along plow wall
Mv, v, SEEHRE v, ZEAES N
va2 = ve + vr2

(14)
val = ve + vrl

A v, —— T ERBEOTHI AT R m/s
v ,—— RGO TR B S a) S AR, m/s
v, — HEROTEERE  m/s
#X(14) FRAKL(13) AT 1%

_ er_vrl_ ﬂ
F=m AL A (15)
A i TE, WG
dv,
FZTYLE—mar (16)

L a,—— T ERBOTHX IR, m/s®

H1=C(16) FIRN, 3 A BRI AL RE R AL 1 ) %
W T - ARARXT U v 224, 255 (1) L (4) ATAL
SRR A A R T AR A T Eis 3
TR T A AN T it Ze R AR A i

(3) TERBEITRBE Sz s B, HIRETT
BLRE 5 3P W B B 2 5 AR, DR ST i B Bt
T EE BTN
md’x _

dr’

md’y
de?
md’z
dr?

XFEC(17) FEATRR IR B s N Rz )
IR AR BIY ¢ =0 B, 45620 (10) BRI
BTN

=0 (17)

= -mg




144 B A1 R = 4

x = v, sindsinnt
y=v,(Pcosl —1)t (18)
z =, cosmsinlt — gt /2
=X (18) iR HyB s 2 ¢ Ml o, 115 LB 3)
BIBAE xOy Fl x0z FTHB 2N
- lﬁf(sol;isninx (19)
x gx”
Tt T2yl sin'sin'y
3 LRI SR I 11 PR,

(20)

Fig. 11  Ground subsidence displacement projection map

i T EIE S R A 11 AR, R AR TE
=Wy ERIs RS N 1,1 1L, i1E(18) AT A
. =—sin{cosn

g

21}!‘ .
L, =v, ?smgcosn (21)

2

I, =—"sin’Lcos’n
g

MRYEZE 1 Al A X 3 o, (HIL4L R 0
JE)  RHE(5) T4 R A A v, AT o HUE,
HE ¢ Mn 7+ & e E EE, 2R
BR[ 18 =19 AJHI ¢ }y20° ~70°,m J10° ~30°, KT
FIRSEGERI AR A =T i i KRN
l,=0.213m,l, =0.473 m,l, =0. 197 m,
2.2 HERFNZEESEHNHRHRIEITRESH

oS

AL X E b BH AV S IR 52 6 AR ERAR
¥, 8 TR ISR 6 ANZE T T —Fh o B
JEA BB TERE R & S L il e, st ) i 5h
s 3 ) S %, i 5 A0 R 282 B oK Il 1%
(1) 385 A 25 B 28, B AR s = R 12
INo BT ARG R R AN 3% | DR I 7E U FH A% GE i XL
SRR N FIEHES Oy X S ah b R A
TIHEAR , AL TS A1 B R R DI BE B T 4% 0 34 2
9N 6 ANZE,

R Bk AL 3l 7 =X R TR xR

Tt pREEH

K12 ARG o B B VRl R
Fig. 12 Integrated plow-ridge schematic
XK IRREN I xR HES 7 3, 2647 TD 4R34 225 30
JETT R, B [T - T N P 0 4 SR £ Ol 180°, e
WER R £ g 1) A 408 P 0 R S £ 70° , SR PRAIE R - Ao
RIS JEE 6 /2 35 ELRR 20K, 2% GB/T 5669—2017
CHESFPLIR 7145718 ) 2 11 T235 RUBERF T
TR 1 AR 5% Sl ik, BN T e i) s DT E
ST T 3k , M4 75 1] ek T e Bk J1 525 4
Jiial o WEREJJHEAT AN P 13 Fi7s  fEReRE JJ 48 bR 43
e M, [ 1.V . VI4MXERHNAELS]
HAEHES, XA M2 A 25 ) XSl 228 25
D1, AR ERE 1K - A v Il il % . A 728 S A
TR e, ELAR R AT 4 /N A
6] PIAIZ RS , SR 7 1A i A R 5 7 S b
DRI DX T 222 425 ), K A A T ik ()
DIV A2 T, X T A MBS & 4 44225 T],
D I Ze M 4 #8425 0, s f X dsk 1A I 22
1) E B T B DX, 47 4 DX 4 T Ak ) (] 2 - T A
VRS TR S TT  HA HEE DI ) B

| I i} v v VI
360° 360°

»| 180° 180°

ZERERE T A ARt TIHE AT
B3 ek oI HiA s S

Fig. 13 Tllustration of arrangement of tilling blades

WA 14 JroR , or B 24 i o R AR
PRPFELE S, TR TTHS A 558 1) S5 Wik i eI A
ZEIX B H P A o IR L 75 AR 2 IX
e PR RIATE 2 I B s P G
BRI HE— 2D B B S5 v JR ) 2B X il ik & R
10 0 e w7 A 1 1 =3 P e o171 1]
b M Rl F 2

TR T30 R ARG FE b, PR 43 4 34 75 il
13 2 S 177 e D O e w190 7/ W e w71 2



4

Ak % REHEHLISE RO & ER PR 2 B S ik 145

K14 St 2B AR B A
Fig. 14 Ridge-forming device schematic
LoRIZEX 2. BREpe 3. e 4 Ak 5. 0B R

FEAF) BEAT A2 T30 B, A0 &1 15 Fivzs, 0 B4R A5 T
HIT RIS 0, , BEHLEL AT R, Pkl 32 20 E7 £
SERH 1 F, 520y 2ERAFEE S F R BT i o
B BEAT I3 ik T AFHDRIE o AR A 2 A T AR 1 i
R A

K15 2B E 52 11 i Al
Fig. 15 Stress analysis diagram of land division
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Fig. 16  Schematic of micro-ridge shaping
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Fig. 19  Schematic of transmission system for precision
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Fig.20  Micro-ridge shaping roller stress analysis

diagram fields
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Tab.2 Working condition parameters of test field
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Fig.21  Plowing group tillage and residue burying

experiment
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Fig.22  Field trials of micro-ridge combined precision

seeders in rice stubble fields
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Tab.3 Field test results of reversible furrow plough group
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