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1. Ditching plow 2. Shallow plow group 3. Cage type soil crushing roller 4.
Extruded shaping plates 5. Four-bar adjusting mechanism 6. Fertilizer discharge
device 7. Rape seed metering device 8. Rape seed box 9. Fertilizer box 10. Right-
turn shallow plow 11.Central soil-dividing plow 12. Left-turn shallow plow

B 1 hXFHEawRMERS ABNLEHTER
Fig.1 Schematic diagram of the high-speed strip micro-ridge
combined direct seeding machine for rapeseed
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a. Schematic diagram of ridging operation
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Table 1 Main technical parameters of the machine

${H Values

Z ¥ Parameter

BT (KexEximD

Machine dimensions(lengthxwidthxheight)/ 1500x2 100x1 400

(mmxmmx>mm)
Eki% E Working speed/(km-h™") 8~12
fic &3/ /1 Matched power/kW =70
2895 Ridge width/mm 300~350
2E 75 Ridge height/mm 100~150
HHAE Tillage depth/mm 110~130
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b. Schematic diagram of the
structure of a shallow plow
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c. Schematic diagram of shallow
plow operation
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Fig.2 Diagram of shallow plow structure and operation
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b. Force analysis of plowshare tip
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Note: R is the radius of the arc segment, mm; @ is the soil penetration angle, mm;
h, is the height of the plowshare, mm; L, is the plowshare width, mm; 0 is the
plowshare blade angle, (°); F, is the soil thrust, N; F is the friction between soil
particles and the plowshare tip, N; Segment AB is the planar segment; segment
BC is the arc-curved surface segment.
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Fig.3 Schematic diagram of plowshare structure and force
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a. Plowshare structure

analysis of the plowshare tip
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Note: 7 is the volume of the lower part of the ridge, mm?; 7, is the volume of
the upper part of the ridge, mm?; % is the tillage depth, mm; #, is the height of
the soil moisture surface (2/3 of the ridge height from the ridge bottom), mm; H,
is the ridge height, mm; « is the width of the soil moisture surface, mm; b is the
ridge width, mm.
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Fig.4 Schematic diagram of the cross section of micro-ridge
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a. Shallow plow surface schematic

b. FHhZ AR
b. Guide curve shape
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UG FBARAR, mms by NEIKBGR G AR, mm; x, IR B4
IAREARRR, mm; hy PG BGRAG s AR, mm; xy PR BOR R
BEAARR, mm; Ay AL B AL SR, mm.
Note: L is the shallow plow opening, mm; H is the shallow plow height, mm; o’
is the center of the arc segment; R is the radius of the arc segment, mm; ¢ is the
angle between the tangent at the starting point of the parabola segment and the
horizontal line, (°); x, is the coordinate of the starting point of the arc segment,
mm; /4, is the coordinate of the starting point of the arc segment, mm; x, is the
coordinate of the starting point of the parabolic segment, mm; 4, is the
coordinate of the starting point of the parabolic segment, mm; x; is the
coordinate of the end point of the parabolic segment, mm; /5 is the coordinate of
the end point of the parabolic segment, mm.
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Fig.5 Guiding curve shape and parameters
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Note: v, is the speed of the clod relative to the plow in the initial state, m's '; v,
is the speed of the clod being thrown along the plow body surface, m-s™'; y is the
plow body surface helix angle at the clod throwing point, (°); x, is the
displacement of the clod in the direction of velocity, m; x; is the displacement of
the clod under the action of gravity only, m; x, is the maximum throwing
distance of the clod in the throwing speed working surface, m; 4’ is the height of
clod rise in shallow plow, m; Ah is the height from the throwing point to the
landing point, m; / is the maximum lateral throwing distance of the clod, m.

He rREFHIRTEH
Fig.6 Schematic diagram of clod movement process
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Fig.7 Discrete element simulation model
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Table 2 Material parameters of simulation model
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Items Type and contact Parameters BUH Values
N HE(kg'm ) 2650
f:i%f THFALL 0.31
FAESH B D) /Pa 1.82x10°
Intrinsic parameters ¥ /(kg'm ) 7860
o sl 0.5
By Y1 /Pa 7.9x10"
. T BRI R 0.75
e - ;
. Soil-soil BRI 0.5
Bz TS R E 0.6
Contact parameters 4 § gﬁi g 0(;45
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[E Y 0.2
B EANEFIRIE (N'm”) - 2.0x10°
AR AN (N-m™)  7.5x107
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Fig.8 Schematic diagram of simulation experiment index
measurement
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Fig.9 Impacts of shallow plow height, opening, and end helix angle on operational performance metrics
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Fig.10 Impacts of different shallow plow height, opening, and end
helix angle on soil flow direction
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b B b, B3 e A e bl s/ INME T - 38 R 2V
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Pl INE LR . 3 126 M L v B o o A T B 1 48
SIS N B AR B, 7R AR TTE N 200 mm
B, AR R B AR, 7E 200~220 mm i [
P, IR HER = PR A AR BOR .

FRYEAG EARIE T R0, M AARTT BRI, A 26 ith
IR, BRI E LR Z Bk R, A&7
B LT w35 A I 5 s e [ B ) ey e
PRI IR, DR e R th i, dn i 10c S TR
Fone MAUATF B R, SapL 48N, 3% 7t
X P2%, ahiEss, ELHAEM, HiEERER
P, ZBARIX ) e mg i, LS ik HE R = B K
B Bh g o i R R B 2, AURIh 2 i - AR
ISR I R A BT R ML, ik 10d Sessih s,
SRR R LI SAMATT KB — i S,
T ARE B R A BE S R A X A, SRR E T
ORI, Ik HE AN = B )y, DRIk 38 1l IE #8 Ll
R AR A 22 L 338 [y 2B v LG i K
333 RBIRIE A xHE LR 4Gk

R it 8 FE A AR ML R I an 1 9c o, g A
D281 Lt A6 A i W P D R DR S 30 DR K AR
fhiadh, FEARIGIEEE 9 37,500, 3% R 2BV L i
35 1A IR A LUl A A ity MR A () K . L
36 MR 1 B I A R i R B A O 2 ALt 38 I RIS ) AR
e, TERumiEEE f 2 30°0), IRt HERN & B IA
B K



44 Flk T2 (http://www.tcsae.org)

2025 4F

MR 5 ARG AT 0, 24 oK o W BE A /N, R
R ISR, RN AART T E LIS, RA K,
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34 FILEARKESEHSEMLS T
3.4.1 RK¥EHEA IR ME

A A FARIE LS R AT 1, X TFANF AR
JE (=375mm) . FURIF RN R i iR B A, IR ALA
T RS  370 mm,  HOE B Y 375 mm.
BT 8 R R R P E AR TFE 190~210 mm, A EE
1 22.5~37.5°%MF R, ATSRAS BRI L3 E IE R E K
TR E SR, AR _ERIKEROES
GG, CAAT BT BT BE S R i 0 BE A %o AR 56 e b 1 22 L
ER, BEWLEBRMRKELSHAS. &R EKFHRD
WiZ 3 fion, AR5 7 R R R W 4 FiR.

%3 RBERAKE

Table 3 Test factors and levels

Y, =-1064.63+11.65L-2.33y;+0.01Ly;—0.03L> (13)

H; =-3125.08+30.98L+16.71y; —0.05Ly;—
0.07L% = 0.11y5’ (14

x5 RBEHRFENH
Table 5 Analysis of variance for seed bed quality

KFE BRI A i R A
Level value Shallow plow opening L/mm End helix angle y; /(°)
-y 185.86 19.39
-1 190.00 22.50
0 200.00 30.00
1 210.00 37.50
y 214.14 40.61
x4 REHFERER
Table 4 Test plan and result
J¥5 No. L 73 Y\/% Yo//% Hy/ mm
1 200.00 30.00 27.56 54.41 162.64
2 190.00 37.50 29.45 54.51 149.51
3 200.00 30.00 28.34 56.29 165.81
4 200.00 30.00 27.66 54.94 156.78
5 210.00 37.50 31.13 53.32 130.91
6 214.14 30.00 31.62 48.28 138.53
7 200.00 19.39 32.57 54.97 155.05
8 200.00 30.00 28.25 55.97 157.61
9 200.00 30.00 28.44 55.42 157.21
10 200.00 40.61 30.54 57.77 142.91
11 210.00 22.50 34.47 48.51 148.88
12 190.00 22.50 30.32 53.44 151.31
13 185.86 30.00 28.37 51.15 154.10

I MR 2RV L. I E 1A T AR L A - S %
HER R B S AR T MR i R A 0 A AR A, JREAT
T ENT, ERWE S PR,

T R A0 AT, RIS R AR IR AR S R R R
(AR AAR . Br3R S T, SR Ar i (Rl VA B Y
B EE (P<0.0D), KPP AEE, y° 0+
E IR LA R, HM&myEE, JRALE
W, 3350 S & RN EIHR RN

Y, = 432.40—4.08L—0.49y; — 0.01Ly;+

0.01L% +0.03y;> 12)

S S KT e
Index Sources um of Freedom Mean r P
Squares Square
R 51.67 5 10.33 41.83  <0.000 1**
L 13.59 1 13.59 55.01 0.000 1#*
7 6.27 1 6.27 2537  0.001 5%*
Ly, 1.53 1 1.53 6.17  0.0419*
v r 8.64 1 8.64 3499  0.000 6**
: 7 24.96 1 2496  101.05 <0.000 1**
R 1.73 7 0.2470
AT 1.06 3 03536  2.12 0.2410
SR 7 0.668 4 4 0.167 1
J=yill 53.40 12
it 94.65 5 18.93 33.02 0.000 1%**
L 12.95 1 12.95 2259 0.002 1**
75 12.10 1 12.10 21.11 0.002 5%*
Ly, 3.50 1 3.50 6.10  0.0428*
v r 62.39 1 6239 108.84 <0.000 1**
2 ¥ 0.7712 1 07712 135 02841
R 4.01 7 0.5732
AT 1.70 3 0.5679  0.9838 0.4846
SR 7 231 4 0.5772
J=yill 98.66 12
R 1044.61 5 208.92 18.74 0.000 6**
L 231.65 1 231.65 20.78  0.002 6**
7 170.55 1 170.55 1530  0.005 8**
Ly, 65.37 1 65.37 586  0.0460*
" r 388.41 1 388.41 34.84  0.000 6**
’ 5 262.07 1 262.07 23.51 0.001 9%*
R 78.03 7 11.15
KT 13.44 3 4.48 02774 0.8398
ARz 64.59 4 16.15
AL 1122.63 12

E: FNEFE (P<0.05), *AWEE (P<0.0D). TH.
Note: * is significant (P<0.05), ** is extremely significant (P<0.01). The same
below.

3.4.2  SMBIMmASHT
ST VTN K C Pl =y N O D YR R N s
AR T 2 B befi A @, M4 H R R R 212K, +
Rl 2RV LU R BERIME, 32 1R IE R LU B B A
KAE, A3 HEAR &1 FE bl T )5 108 75 A OGB4k ik
ITHEEEETY, FULRSOERERE, @ N
minY,(L,y3)
max Y,(L,7y3)
max H;(L,7y;) (15)
185.86<<L<214.14
sa{w39<%saom

RGBS, [ERUSEHEN: BRI
FE L=203.60 mm. ARIiREEf1y:=39.96°. ZSHAHAET,
TR T - 398 (W] 97 2B Y LE Ay 30.53% LI3EE AR HE N
56.87%- T AEPLIEMERUS FEN 138.24 mm. &5 B0
TSR R, AR TT EE SN 200 mm, AR i WR R A R
40°, HiZSEHE TSI T R, 15 55
MZEW LN 29.92%, HHER A AH 2 0.61 AN 43 2
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THEE TR LN 57.72%, SERBTRIEARZE 0.85 N F
oy RIEPDAHERUS N 146,32 mm, AR HINE
2 8.08 mm, BLHIPLALAERI AT SE

4 MHIEIRE

4.1 REEH

SRR 56 v A A v A L BT D 3 1 Bk A M R
T B E AR SR R R T 2B e EL AR AL R R
HAELPERE, AR 3.4 1 AL S B A R A
HATINT, T 2023 4F 9 HAEE R RMR AR R
T B0 e v B AL AR AN [RIAE b BT RN L R,
RIG By R B S, HHERACNRREEL, T
2023 4F 10 HEWBIE 2 510 T e S04 38 X AR R ol ok
e PEREHE A OB B AR B R RE AR R LA P2 R 2
TFJE R A IR 2R A B AL ME RS, U5 Hh
1.67 hm?, WRIG AT HEAEW N KRG (2023 45 8 A Y3,
T8N 255.6 g/m?, HIESRAUGIE L KIS HT & ik T
WANZE 6 Fizs.

Fo6 REMRTRESH
Table 6 Working condition parameters of test field

‘ R ERE  GAE AL
T ; : .
Conditions Experiment Compactness/ Moisture Soil bulk .
type kPa content/% density/(g-cm )
1 AEMEAEZ AR 1710.60 19.80 1.48
2 HHLPERE 143441 17.76 1.39

4.2 RIEIRFREMIR 775k

REGHLEB) FI BN TT L 954 B Hi AL, R4 AT
o ARG A R A AR T N LR BN 120 mm B
T REERE S TR B KR T BN EE. )
56 o AR A TR 56 25 SR VR B PR AL VRV R s S
Hi R ATLES A A0 T3l 1107 B R R LR B . G L
YHAEAH N R B2 T AR 2558 60 m, UG IR 3
ITHIRVSEIIE S, EFEH AT 40 m FaE fE L X Bl
A KAE L FE bR o
42,1 FRREME ik FREE

NUSE B S EURAS T E ML YERE, R HEA
ZERTERE, wE Nafin, HFREEHN dkmh 5
I (12 km/h) AEMV I FE BT bEikEe, B A AR e
PEMFE bR 57 AR VE ML AR AR AR R o B b A 7E 1056 Hh B
o2 B T A BORE VR BE HLAZEL 5 A4 K xFE x5 N 400 mmx
120 mm=120 mm () +77, & H 5 & H R ICH S EAE A
ZARLS X I AN AR B X &, Wil 11 fis. 78
FEAATFE A T b D00 8 [X 4 M 3R S BE e B 5 il — T
JZ K xFE A 400 mmx1 000 mm A L Fricy, wE 1lc fr
o BUARMEN G DAZEVA AR 02k, LA GBS LYE
1 151 B R D 4 2 1) T B < BE <55 2 400 mmx 120 mmx
120 mm [X 35k P 1 38 9 Z8yA) [l 48 VR T3 e ik #2
i), PAZEM R ARAL MRS G 2k, X 350 mm FEARK AL E
X 358 B, WAL FT HE 5 11 B 400 mm, 41t 400 mmx
350 mm KEAE PN tbric )z L B E AT R LI

LR BT TT 1], SR U &0 2 2R T 58 2R 22 [ ) v
JEAR LA . AT S, FEit 10 4
BORE m A 2B IR 3 B L 5 ) I RS o A K o
I HERR e LI SR BT 4 Lo

b
Shallow plow

c. R X 3K

c. Test area

b. FLARIRE XK 1
b. Soil in the plow- disturbed area
B 11 EME R A iR

Fig.11 Shallow plow comparative experiment at different speeds

422 EHMAALIRIE
BOPLE RIS P Bl T P 2B R R 1) 2% 32 2 B R B A
T I s, SCELHIERE ISR, JE U AR BT
RS IR R IS AR AN K, R b 2B A PR 1 22
TERe e P 2 B TR AL e i ik - B 5 Ik o
SR o DRG0 T R e IR T 2R A BB AL A
MERE, EBAENIEE N 12 knmvh, EECEIRNEL 52
M A S A 2B e A S RECHE AR bR . B
HLAE NV J5 A8 F Trimble TX8 = 4k M0t A # A F Fi 18 28
R, UASRIEMZE S =, #id Trimble RealWorks ¥ {4 4b
PRICZE R B R AL EL 5 o I B 28 vy Je 2B %, % IR
(16) HHHZEEL R RE OV, ML R RECV,.
CV, = == x 100%
g (16)
CV, = 22 x100%

K H  AZEFWNEME, mm; b, BN EME, mm;
Hi 28l FEE, mm; bOAZE &P E, mm;
s; NZEFEAREE, mm; s, NETARHEE, mm.
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43.1 TRMAE ik K

E R EIE LT, WM AAEA RE I E T3
I T AR Z, AHEE U P35 7 HHE R IR,
AHTEAS [RIAE Y T8 B T - 38 06 R 2 % gk o7 B A7 TR BR
ZESt o R AR B T 4 AR 2 HAhiE pE S,
THOER T WA GALE, WK 12a s R el
LT L s ORI, BV B H AR ACOIR
WA FREXE, WE 12b fin, SfaSH8uR 7 06
TNo T I Ml bb R B 1 b ) 358 [ 2 8 B /N 6.26
ANES A, BRI K 414 AN H 8, BRI
YRR BER 12.40 mm, K IAEBHALLE SIS L T
+ LT

b. 12 km-h™!

B 12 AAERRIE L B AORAT
Fig.12 Effect comparison of various operating speeds for
shallow plows

®T EKMEBETRMEIEER LI ER
Table 7 Comparison of test results of shallow tillage plows at
different operating speeds

a.4 km-h!

R FE bR HEZ/(kmh )
Experimental indicators 4 12

R ke ala

Soil flowback ridge-furrow radio/% 32.44 26.18
TIE TR L

Soil directed migration radio/% 53.28 3742

S B
HIRILEHER 148.20 160.60

Soil throw accumulation height/mm

RN T SRR A AR R T BRI 45 R, T
o] 3t 28 V8 B BN 374 AN 4 o, 3 AT S BN
03 NMEZ A, IR MER S AL 2K 14.28 mm, KB
15 FA R AT 5 B () e A b A AR b ) - R Rl 9 22
T RN g 126 ME R v A A B K 22 5 T g A2 T HH )
TS KEFAAEESR, FlEHs LIEBEAT S, F
R4y 3 LAHOIR BT Il 1 A0 B 5 ) 2B AR X 3k
HULHOR A R, SRR R m R .
432 EAARLRER

BRI S R, TR LA T b S ml
RAZEBC G BV B YLy, BAae, W 13 B
e VBN G225 148.64 mm, ZEFE N 349.06 mm, Z&7
55 RECN 4.05%, ZZTELSF RECN 3.86%. EIMT
SEPEUE I T B AL 2 0] b RIS R - SRk v B i AR

MR HAS e M, FLAE ML TR R ) ol PR 36 2 ol =2 o A
REER, 15dF0 40 d (1332 H T AR Wi 13, 13c
Fron, BT 2023 A KT AR5, &R S 40
RPN 4. 15, 19, 35 KA 3.4mm. 31 mm. 7.9 mm
6.7 mm [FFERNE, ZBTIEKDED, T2 RYE,
BT LA e 2 b T 2R

Sl IO bk i S R % S A

a. HEPLIREE b. 115 d c. a0 d

a. Experiment of b. Seedling c. Seedling

whole machine emergence emergence
at15d at40d

B 13 AL e Ao K OR
Fig.13  Field experiment of the machine and the effect of rapeseed
seedling emergence
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3) MR LSRR R A m e - PR R
bl B B R 0 PR RE AT, R A 3 v ik B
2, BV H AR AOIRMERR Tl 2B X, IR
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16 g Ik i R 2 A 2R £ R, R VA
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Design and experiments of the shallow plow for the high-speed strip micro-
ridge combined direct seeding machine for rapeseed

DU Wenbin!, LIN Jianxin!, LI Xiaoran® , LI Lin! , ZHANG Qingsong'? , LIAO Qingxi®**

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in Mid-
lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Existing micro-ridge seedbed preparation devices can often be equipped with conventional rotary tillage. However,
the shallow tillage depth has been confined to the suboptimal operational efficiency. Particularly, the rapeseed cannot resist
extremely adverse climates during optimal sowing and seedling in the current cultivation. In this study, a shallow plow was
proposed with the high-speed micro-ridge direct seeding for rapeseed. Three sequential functions were integrated: 1) high-
speed strip shallow tillage. A "lift-first and throw-later" mechanism was utilized to rapidly form the ridges using directional soil
throwing; 2) micro-ridge seedbed shaping. The geometric configuration of the ridges was optimized to enhance the soil
structure, and 3) sowing on ridge tops and furrows. The moisture was regulated to improve the stress resilience and yield
stability of the rapeseed in the micro-ridge system. According to the operational requirements of the high-speed strip shallow
tillage, a directional soil-throwing shallow plow was developed for the soil displacement at high speed. The micro-ridge
morphology was analyzed for the curved surface of a variable-pitch twisted spiral plow body. The plowshare parameters were
then determined: a cutting-edge angle of 120°, an entry angle of 30°, and a plowshare width of 120 mm. A mathematical model
was established for the shallow plow guide curve. A kinematic analysis was also conducted on the soil lifting and throwing.
Single-factor experiments were performed using EDEM software. A systematic investigation was also made on the effects of
the shallow plow height, shallow plow opening, and end helix angle on the directional soil-throwing performance. A central
composite design (CCD) with two factors (shallow plow opening and end helix angle) and five levels was implemented to
determine their interactions on the directional soil-throwing performance. The optimal combination of the parameters was
identified after iterative simulation and optimization: the shallow plow height of 375 mm, shallow plow opening of 200 mm,
and end helix angle of 40°. Field experiments were conducted on the sandy clay loam and loam soil. The shallow plow
achieved better soil-throwing performance at the high speed (12 km/h), compared with the conventional speed (4 km/h).
Furthermore, the directional soil throwing was enhanced under the high-speed operation. There were well-defined furrows and
strip-shaped soil accumulation in ridging zones. Key metrics included a soil flow back ridge-furrow ratio of 26.18%, a soil-
directed migration ratio of 57.42%, and a soil throw accumulation height of 160.60 mm. The better operational passage of the
machined to the stable ridge with a ridge height of 148.64mm and a ridge width of 349.6mm. The coefficients of variation were
less than 5% for the ridge height and width. The high stability was also achieved in the directional soil throwing position, soil
quantity, and throwing accumulation height, thus fully meeting the micro-ridge requirements. Furthermore, directional soil-
throwing with the shallow plow can be expected for optimal operational passage in the high-speed micro-ridge seedbed
preparation. Seedling emergence validated that the micro-ridge seedbed configuration fully met the agronomic requirements for
the rapeseed direct-seeding. These findings can provide a viable technical pathway to develop high-quality rapeseed seedbeds
for micro-ridge direct seeding.

Keywords: agricultural machinery; rapeseed; micro-ridge; high speed; direct seeding
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