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Design and Test of Rotary Stubble-cutting and Seedbed Preparation Device
for Multi-crop Combined Precision Seeder

LI Yuntong' CAI Lang' LI Tian' ZHANG Qingsong'®> LIAO Qingxi'?> LIAO Yitao'"
(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: Aiming to address the challenges associated with heavy clay soil, high stubble retention,
insufficient stability in furrowing depth, and stubble interference with seedling emergence in Southern
China, a seedbed preparation device integrating rotary pressing for ridge formation, stubble cutting,
furrowing, soil covering, and compaction was developed. Accordingly, a compatible multi-purpose
planter was designed to achieve combined sowing of rapeseed, wheat, and corn in wet fields with stubble
retention. The overall design scheme of the planter was elaborated, featuring an active rotary pressing
seedbed preparation device. Through an analysis of the interaction mechanism between the components
and stubble, as well as the optimization of critical component designs, the configuration of the ridge-
forming and furrowing device was determined, along with the structural dimensions and kinematic
parameters of four types of disc coulters. Discrete element method (DEM) simulations were conducted to
model the stubble cutting process under the combined action of an active disc coulter and a runner-type
opener. The results indicated that the optimal cutting performance was achieved with an Archimedean
spiral disc rotating at 301. 18 r/min and a runner-type opener width of 31.49 mm. Bench tests were
subsequently constructed and executed; the relative error for both the stubble cutting rate and soil

disturbance area between the bench tests and simulation results was less than 10% , confirming the
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reliability of the simulation model. Field performance and sowing trials demonstrated that, under heavy

clay soil conditions with stubble retention, the multi-purpose planter achieved a ridge surface flatness of

15. 68 mm and a seed furrow stubble cutting rate of 93. 7% . The sowing depths for rapeseed, wheat, and
corn were 13.2 mm, 30.4 mm, and 52. 2 mm, with depth stability coefficients of 90. 6% , 86.4% , and

88.2% , respectively. These performance metrics satisfied the agronomic requirements for the cultivation

of rapeseed, wheat, and corn. The research result can provide a valuable reference for the design of

multi-purpose planters in the rapeseed-wheat-corn planting regions of the middle and lower reaches of the

Yangtze River.

Key words: planters; seedbed preparation; discrete element method; stubble cutting and furrowing;

heavy soil; multi-crop planting
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Tab.1 Main technical parameters of precision seeder
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Fig.3  Structure diagram of active spinning seedbed

finishing device
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{37 T AR T 1) WILBE S 1.3 x 10° N/m® (B i I 5357 3 Hy
1.26 x 10" Pa L) Kok i i 0% F3 o 4.3 x 107 Pa' ™!

i fih 2 80P S B BT 0 L SR, AR
PR 52 B AR 3 #2 £ 47 2 % . Hertz — Mindlin
with Bonding V2 42 fili 45 %Y 3 457 Bonding 284 {5 & 5
KRG 45, 2R E T TR — 58 RO AT BRASURL K
25 B — B8 K ) 0kE s Hertz — Mindlin with JKR 4% fi
Y S — ok 4t 1 R 2 i A L 5] 3k T AR ER
TURE 5] 9 A B AR T 0, 38 1 A SUU0RE 1) B 2 ORY 45
FATI B RE T R BEADURS T 80 A AR Y, A BF 58
% F Hertz — Mindlin with Bonding V2 32 fifli 4% U 455 41
il FF R ] ARG 45 L P 3R BB R R e R
FSCALURE 7l - S 18] 09 AH B, AR AF 58 28 H] Hertz —
Mindlin with JKR 42 filt 8 5 A5 411 4 S UL (1] f) R%
BEBEAE LR

Z: 25 AL P i X FH ) VR Ml 25 T A o o
GUSEERTENS'S W S 7R SR ik R (el E Rk B
{71222, R 1 BUA 5 25 R 0 AT B R
Y 8 Ao 7 T VR A SR A L DA LS SR 22 /N T
10% Sy H o 56 31F 2 B0A] FE 1, W 5 B 10T iy 2 A 7
PSRN 2 Fion. HPRRE 454 R,
i S0 3 Y - 5 K SR R A

[T Py,
R,=R [1+—= (24)
P

X R——HIFEFOR AL, mm
P—— I EIKE %
p.—— L HEEE kg/m’
p,— KB E B 107 kg/m’

HEH R, =6.8 mm,

% H1 EDEM 2021 g # JC f 5 8, # 57
1500 mm x 500 mm x 200 mm (& x $& x &) 1Y 1 3
P B X, R I BURL T 58 2 H R #E 0.5 s
Ji - HEURL B sh E L @ 57 1400 mm x 400 mm x
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Tab.2 Simulation model contact parameters

I H S8 EAEIEN
R/ (kgom ) 2650

N THAR L 0.37
LA By ) B &=/ Pa 1.82 x10°

R 25 4%/ mm 6.8

W/ (kg-m ™) 7 850

bl AR LE 0.3
oY) f/ Pa 7.9 x10"

BRE/ (kgom ~?) 241

R #F AR L 0.4
B YIRLi/Pa 7 %107

I F 0.363

+ HE— 4 4 R 42 TR B 0.422
B JEE 5 TR B 0.282

W FZE 0.422

+ 15K T EE 45 R B 0.584
B FE 45 IR 5L 0.266

WA 0.5

+ R il -3k 0.5

B JEE 448 D AL 0.01

WL FAE 0.3

M PR 45 R B 0.6

B 5 R B 0.01

I F L 0.28

T FF—H5 # i EE 4 R A 0.54

B JEE 5 R B 0.05

50 mm (£ x B8 x {5 WS A5 X8, i R AT 0
EX 8 g S A ey B X R b 3w S, b
WLEZEFREFF VIR B0 , 45 & B4R e T AL 2 AR L s il 1wl
FEFF AR B8 ST A | 38 o O T b S R R ik
A 50 HAK JE N 400 mm {1 FT AR R A AN A AT B
RV H 72 A FF MUK 250 B, P38 o1& elofr B S
B, B RS AT AR Y LA 20 mm [A] B I 2 R BT b 0 B
DX, gt b 4 Fof 8 4% D) #E T U RCR, AR A
FU)HE TI R A3 2B X AR AT R A A IR A B
J& AT UART A I 9 A AR X7 i (8] 5% U0 2E U0 A iR
&4 40 mm,
3.2 PIENNBEEREZRE

K HE R SO B 45 VI3 T 8 R OT R BT
f5 ELERL PR 2R, DL B A D) #E ) R B Oy 288 ) AL 5
PRIZ, DR U0 26 ) e 3 v ok BB A 56 (R 25 DA
FEFFUIWT 2 Y, S il 5 F 0 48 A5, LU [R] 09 A 2 3
B AR R S W, B0 £ s 7 3 (E o i 45
Je e 3 s,

S5 G H SCHIE BT A5 R B e 20 R e Y &R
(18 153 25 DI A2 T TR, 455 « ] O 7 MR i £ Y | BB £k
AU G 1 RS S T AL 5 BRO(E AL K G PR O [ 4 W) AE )

38V L 200 ~ 400 r/min; 75 FF U1 A Y, 2 A
ANT6) J1 RY YT B8 1 VRN 8 B, B FF DD R 4w , )
JIFIY)#ERE T A

W 5 R R 50 2P 2 A Design-Expert 514
3 3 KT A DG A Ak 35 43 A A5 25 TR 3R R 4 A Y Tl
H AT 4 i

®3 BEZARBRER
Tab.3 Single factor test results

B 5% 71 B ] 8% V) 7E 1 5 7R FE AT D) W 3

V/(r-min~') Y, /%

200 88.3

250 92.0

W] 5 K A AR E 2 A B, 350 96. 4
400 99.0

300 96.2

200 86.2

250 90. 8

RIELA B, 350 95.2
400 97.5

300 94.2

200 76. 4

250 80. 8

B %L B, 350 85.0
400 88.2

300 82.4

200 81.0

250 85.2

FE A B, 350 93.2
400 95. 4

300 88.8

x4 HERBREORAFESN

Tab.4 Regression equation analysis of simulation test

FERB| FHM O ABE B F p
ey 1220.76 8 152.59  300.49 <0.0001**
v 634. 87 1 634.87 1250.17 <0.000 1"
B 566. 68 3 188.89 371.96 <0.0001*
VB 11.43 3 3.81 7.50 0.001 7"
V2 7.78 1 7.78 15.32 0.0009 "
B 5.21 12 0.43

2 3035 7.05 11 0. 64 1.97 0.1723
P 2. 60 8 0.33

Jo¥ill 1230. 40 27

TE : wx ROR LI B2 (P <0.01),

H1 4 TR (] A AR A A S 2, H o [ 4 D A
DI VRSN ETI ST B[ 45 U0 2 T e i 5 [5
FEANRETI SR H I VB NG 3 D) 3 T % 8- Jr 1
VXS REFE DD TR Y, B O R . T A 3
S T7 R LA R 45 R R DI AE DI S R AT
A R D0 7 3 1) [0 ) £ 5 7 533310 A

Sl H 2Ty
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¥, =90.24 +5.94V +4.74B, +3.08B, —6.95B, —
0.69VB, —0.43VB, —-0.23VB, - 1.26V*
] 5 DK TR it 2 Y
y, =67.937 16 +0. 127 84V —0. 000 012 565 2V*
AP LA
y, =65.480 02 +0. 130 50V —0. 000 012 565 2V*
i 1Y
y, =54.851 45 +0. 132 50V -0. 000 012 565 2V*
- 1 84
y, =56.203 83 +0. 148 28V —0. 000 012 565 2V*
FIIHH Design-Expert 4 &b 31 3 45 %4 95 I 22
B IR R 25 K s 13 s, | B AT E TR
B UIRE T AR ) 25 0T, A 5 oK 1 MR e 2k 2 AH 45
THA 3 Ff T AL R AT G4 U WM R SO, PR ik
Wiy e DK AR e 2 AU (5] % D) #E ) R S 2k it

— PR PR IR e A — e
100r — B — VR
951

90

851

R oo

80F

75 L 1 L 1 ]
200 250 300 350 400

IRE T e (e - min™)
Pl 13 4 [ U2 0 B AR M 8OR X

Fig. 13 Comparison of interaction of four stubble cutter types

13RI, 75 A [R5 3R 45T N [RDJE )
IV FEFE I R A2 e 3 25 5 R AP DI TR v
SR A YR Sy BT oK 71 BB E 2 AR | B O 2 A ke 1 AR
ST AR L BT 3 oK i 2 AR V) ) T 4% G R R
FFUI W 2R 34 B 5, 7E 400 r/min B} 7] 35 99. 0% , 45 &
T35 43 B A e I G T A )RR oK A e £ B T
FLA AR W U1 v, T s B BH 0 I A R 2>
AP 2 50w U)o e HXT 45 0 LA % B8 AR
M), L ] 5 K i R e 4K 7 A 200 ~ 400 r/min {8 [
AR 2 08 45 B D L S B, 8 B JHG X 2 3l ik 7 e
TR £F bk FH BT 3 oK 7 02 e 28 A [ 4 U0 AE ) T
& J5 2 kit o
3.3 YIETEHSHEZIKE
3.3.1 it

e A IR R R R R (S
T, R B 3 e B ) R TV P R A2 T I A B4
FHE 2 28050 ) i 2, R B AT AR )
VR VR ] LR AR v R L ol R
BE T VW 3 Y, R 4 B 3h m AR Y, O O 45

br, BAHEERRE 3 ADKF, R =ZHE ZKF

¥ 1 2T 1 2% T8 B LT RS FE U4 DL K+ R B
T AU W 5K, L 58 1 ) ST 1 48 0 0 4
AR, R B B A K HL 4 e A A i kR T
A L 78 v B8 T EOR T o0 Bk R R 2 FNRS A O A
LA 2 T R HEFR 2% 95 B O SE B AN T T2 ¥t
W)X AR 98 L F 20 ~ 60 mm 1 [, P45 A
+ R 50 mm,

TSR Y, VR B YRR ) 5P i g A
A TAERS XS A 64 31 B0 A PEAN 8 b L 5 T ik
f£ EDEM (1% J5 kb BRAR B, B 1 F 45 b 7 ) i) 1 158
B AE 8 T CAD e 4% il Ze LG B 40 I I = A5
) e S A, I B BN R A ) 2R
JI 5 I AH A TAERUR AL .

25 b PR R A YR 2 ~ 5 km/h, B
FeANAE JI 5V 2y 200 ~ 400 v/ min, #5 7] 2 FF
A% Y8R L Ju S 20 ~60 mm, {5 5ok 72 4 & 14 Jir
7L I R R e Nk S

(a) MHHR

(b) +19eti3h
Bl 14 REAT— R 07 507 AR

Fig. 14  Simulation models of furrow opening process

x5 KEEFRRD

Tab.5 Experimental factors coding

K%
i b I R R A7 R (DA 57 SR DA i AE
A/(km-h™") V/(remin~") P BE L/mm
-1 2.0 200 20
0 3.5 300 40
1 5.0 400 60
3.3.2 IKEEE RS 00T

P55 [H E 7K, i i Design-Expert 15 F] 1
IR, IF HEAT EDEM i Bk 5, 45 20 05 2l e
HA S WHCEIE XI5 R 3R 6 (X, (X, X, 43
FEOR T R B YIAE ) 3 7] T 2 9
GBS (B T 7S o

PSR R ) TR S GRS e £/ NI A #90)
T R 5 A D) A ) e i 3 T T R 98 R
W LLEP 5wy
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Y, =95.96 —3. 1X, +3. 88X, —2.33X, -0.5X,X, +

0.1X,X, +0.75X,X, —-1.76X; —-1.81X; - 1. 6X;

(25)

Y, =2 255.27 +149. 95X, +295. 66X, +383.39X, —

107. 76X, X, —30. 85X, X, +59. 07X, X, +
14.86X> +143. 18X> +86. 13X>

(26)

Xt el E T R BEAT 7 Z o B, AR R T B R
WA & 7 AT, (el R R 3 (P < 0.01);
RATIA .3 (P >0.05) o P ik 5 B | 5 8 V)

x6 MEXFEERLVESVENEZRBER
Tab.6 Archimedes spiral stubble cutter orthogonal

test results

FEJTHE 3 5 7] O {8 45 58 Ak 5 9 ) SO
{8 g B A2 T3 Ry V- O 3 (B 45 V) A ] e
- T7 T LA Kt 7 3T A 8L - T 00 AT DT W R
SR R, A B S [ D) A ) e T A8 LX)
ERIR) RS AR T S TE 8 A TR R R )
R VR D R WU - 8 45 D) 7E T 5 i
MR WA AR S .

PR 2R i a3 R [ 5 DD A ) B U 1T
ViR AR R A T A V) 2 ) e i S IR B U0 FE
J15G 3 J7 I LA K3 T1 2T 8 4 58 )5 - 5 TR + 1
P 3l B AR 2 IR A A U] B 8 g U1 SOT
T8 e 90 JEE 52 HL U - eI 2l T AR R 3, R 0
AN R b e 2l T AR 3 P A AR S RO

HEFS 4 L & e b/ g < W TR TF 5 G JEE IR S5 D) O
S SR AR B85 5, U 75 47 85 3¢ ol 941 5
3 o . 0 09,6 565192 TR AR UK (] A T8 43 1) Sy
4 1 _1 0 92. 4 2746.27 Y, =95.96 -3.1X, +3.88X, -2.33X, -0.5X X, +
5 -1 1 0 98.2 1810. 11 0.75X,X, - 1.76X; —1.81X; -1.6X; (27)
6 ! ! 0 o183 216174 Y, =2261.52 +149.95X, +295. 66X, +383. 39X, -
oot 0 s 92 201246 107. 76X, X, +59. 07X, X, + 143. 97X +86. 91>
8 1 0 -1 87.2 2 840. 69 ; ;

9 -1 0 1 91.4 1841.65 (28)
10 1 0 1 98.2 2334.58 i# it Design-Expert 4b 3 %0 45 , 45 2 A oF 3 & |
B0 o sS4 25164 I ) 2 71 s R R DT Y, B I 4 2 7D
i 2 11 ‘1‘ 322 zj‘;zz I Y 7D R TT T A B B X R AT U0 % Y, S
14 0 1 1 96. 4 2220. 15 M 7 VAP 15 S
s 0 0 0 96.2 2261 41 i 15a A1, 1 J1 2CTF 98 25 96 B — 0 i), #5 #F
16 0 0 0 96.0 2299. 56 I R ES R I R EA BT $i by N )11 I o 4 ) 8
17 0 0 0 95.6 2316.97 W T 3F R R RS R IS /N e B’ 15b
RT HEHW
Tab.7 Analysis of variance
LAT Y)Y, +HE B Y,
TS ‘
7R A F P 7 A A F P

155 7 285. 47 9 191. 08 <0.0001* 2.246 x 10° 9 114. 04 <0.000 1 **

X, 76. 88 1 463. 13 <0.0001*"  1.799 x10° 1 82.20 <0.000 1"

X, 120.13 1 723. 64 <0.0001*  6.993 x10° 1 319. 58 <0.000 1 **

X, 43.25 1 260. 51 <0.0001*  1.176 x10° 1 537.38 <0.000 1 **

X, X, 1. 00 1 6.02 0.0438° 46 448. 87 1 21.23 0.002 5 **

X, X, 0. 040 1 0.24 0.638 5 3806. 89 1 1.74 0.228 7

X, X, 2.25 1 13.55 0.007 8 ** 13 955. 88 1 6.38 0.0395"

X 12.97 1 78. 12 <0.000 1" 929,23 1 0. 42 0.5354

X 13.72 1 82. 64 <0.000 1" 86 321. 87 1 39.45 0. 000 4 **

X 10. 85 1 65.34 <0.0001** 31234.00 1 14.27 0. 006 9 **

W% 2 1. 16 7 15 317. 90 7

2 01350 0. 65 3 1. 69 0.305 1 2344.67 3 0.24 0. 864 0

R 25 0.51 4 12 973.23 4

po¥l| 286. 64 16 2.261 x 10° 16

T wr TR (P <0.01) 5+ R % (0.01<P <0.05)
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(b) A=3.5 km/h
B 15 22 H PR &G R 40 7 6 ) Rz

Fig. 15 Response surface analysis of interaction

factors on straw cutting rate
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(58] 985 D 2 1 3 48 iy 4
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(58] 355 D 2 0 % 3 xk e 3 AR Y, B e 18 45 U A
JIEE W J) T A 58 RN - E Y s AR Y,
M, W 17 1 TR A P 16 BT

i &l 16a Rl g, 243 ) OF V% 98 B — I, £
SR 2y 1h AR 150 25 V) A 0 P S 4G ORI 4 i g K
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D1 3T 18 4 58 J3E 1 R M

S ARAETT R {8 I T FEROR AL R 8 B8 55500
i F Design-Expert 2 {4: H Y Optimization & ¢ 3 47
LB AT SR | 15 2SRy < i R 2 ~
5 km/h [8] £ Y1 HE J1 5% 3 200 ~ 400 r/min 3 J] 2T
T8 % 58 B2 20 ~ 60 mm , £ FF U1 W7 8 8% & H A5 B
T 95% , 1S S AR BCE AL H AR A e

KA AT AY AT BB B A0 02 A7 2 800 i ik
FE M 3.22 km/h, [B] 30 4 J1 % 33 7 301. 18 t/min,
1 71 TT 18 &% 58 R 2 31. 49 mm, WS AT DT 1 5y
96.22% , - ER R F K 2 084. 04 mm® , % JE &5
BTSN T A, JL A )5 A O 3.2 km/h,

2
E
8
\ \\ ‘\A
7

e A Y mm®

S ,4\; 50
By, 3507 S 38 A
%, <% > 32 e
%4\%\/ 250 ~_" 126 «&Xé—“
17y 20020 g

“n

(a) L=40 mm

L HERL BN R mm?

(b) A=3.5 km/h
P16 22 PR A N - e Sl i AR S 1

Fig. 16 Response surface analysis of interactive factors

on soil disturbance area

FEYIFE J1 5 W Ky 301 o/min, ¥ ] =X FF 1 8 58 N
32 mm,
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B 6 AR A I R I I E S R ke
PR o3, 32 8h DI #E K IT ¥ 2 'l ik o 5 rig AL e
AR [ 5 U U0 B R, R R G Gl B AR
Bl 3 1A R B, AL B D) #E T 5 1 0T
ar it .

S R R g A 4, 5 A 1 000 mm x 400 mm x
150 mm (K x 98 x /&) + &%, B R E N
100 mm 4= JZ , {ir S AT S R 2, 38 56 I 4 35 AT A
BT )2 B IR E

R B IE 1E SIS AL BT S B A s AT 280 S
PEo BCERE AR L S B E R KB LS 2
BV e bR oA R AT DI R 5 et shm A, B 2
ISR M 17 Fos , 6585 05 il g A )
W7 2343 51 94. 0% F1 96. 2% , -4 4 54 3 i #14
P 1980. 72 mm” Fll 2 084. 02 mm” . HH i B 45 7]
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IS RS E A e S 5T 5
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(a) FEFT LI (b) Tk B E
F 17 G5 8CR
Fig. 17 Bench test effect diagrams
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P 8 1256 0 8] 1% bl
4.1 K®HZE

T 2024 4E 10—11 J Ae il db 4 0T v v Bk
A7 B ] R, 1 6 5 B0 A i A2 e TR BB AL
FEFEAX A TISD — 750 R % I e 52 B A 78 7 P HL 1
CINCER RN A R R S e o U BT BT MO N
% WU H TR FE R 745,91 ¢/m” . RIS B D
HE PR R BE 3. 2 km/h, FE B AL BLZT7 10 45
50 m, 6 A E] B A AR E DX A S e DX
3 m T A TR R - S Bl i BE AL R 10 A4S TF
IR S, OB AR 28 K R B AR PR RE , 98 1 7
IR IE SRR B AN N S S E I3 871 DOR TN
B LR T bR A SRS RE TR AR R R I TR Rl
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4.2 HABER

BLH AR J5 D0 B F ML Al P BE 9 4% 3Tt 4
b AT 2 E] BE V) AE J) P 2 - HE I Bh v AR
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DIBr0 93.7% , 5 G HUREIRZE/NT 10% , 5 221858
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FEE R BIITE 85% LA L AT 42 )5 0 15. 68 mm i
6 ¢ W] T 389 2 B A5 LG 1 B 2l I 75 2

£9 BRTAFHEDSTERITNER
Tab.9 Sowing depth adjustable ditching device

indicators evaluation results

B FRER BAATER PR MR

Sy 6 i 22 i T IR & 4 AL IS B R E
JE FH [ 49 A ial g, N 1B 18 T/ o i1 22 3 FH R & 7%
FBL T AR A D% £ 28 R IG  46 Fh S AR B
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PLT AR RE T I B T+ AT 55 LK, e Ik KA M IR B
UGS E BE NS PR LA b 34 5 R R of R R A
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() INFE TR
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Bl 18 il 4 b 145
Fig. 18 Field seeding experiment
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