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Design and Experiment of Bionic Straw-cleaning Device for
Maize Strip Reduced Tillage
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Abstract; Aiming to address the low straw-cleaning rate and insufficient transverse straw-throwing
capacity of conventional straw-cleaning discs under spring maize straw coverage in the black soil region of
Northeast China, a bionic straw-cleaning device for maize strip reduced tillage was designed by using the
hind tarsal main claw of Holotrichia diomphalia Bates as the bionic prototype. The claw contour was
extracted to establish a bionic disc tooth model, followed by parameter design and spatial kinematic
analysis. A discrete element model of interactions among the bionic straw-cleaning disc, straw and soil
was developed. Operating speed, forward inclination angle and lateral inclination angle were selected as
experimental factors, with straw-cleaning rate and maximum transverse straw-throwing distance as
evaluation indices. Single-factor tests and a three-factor five-level quadratic regression orthogonal
rotational combination test were conducted. The optimal operating speed, forward inclination angle and
lateral inclination angle were 7.13 km/h, 27.73° and 14.05°, respectively. The predicted straw-
cleaning rate and maximum transverse straw-throwing distance were 90.16% and 30.00 cm),

respectively. Comparative simulations showed that the bionic disc produced more continuous high-velocity
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regions of straw particles and more pronounced transverse movement than the conventional notched straw-

cleaning disc. Bench tests using the rounded optimal parameters produced a straw-cleaning rate of

89.38% and a maximum transverse straw-throwing distance of 27. 52 cm. The device met straw-cleaning

requirements when straw coverage did not exceed 1.5 kg/m”. Field tests showed that the straw-cleaning

rate remained at or above 84. 74% at operating speeds of 6 ~8 km/h. Compared with the conventional

notched straw-cleaning disc, the maximum increase in straw-cleaning rate was 5. 99 percentage points,

corresponding to a relative increase of 7. 61% , while the maximum increase in transverse straw-throwing

distance was 3.95 cm. The device improved straw-cleaning performance and transverse straw-throwing

capacity under spring maize straw coverage conditions in Northeast China.

Key words: sirip reduced tillage; straw-cleaning device; bionic straw-cleaning disc; Holotrichia

diomphalia ; discrete element simulation
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Fig.1 Structure diagrams of 2BMF —4C maize strip-tillage
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Fig.2  Schematic of straw-cleaning operation process
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Fig.3  Morphology of main claws on hind tarsus

of Holotrichia diomphalia
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Fig.4 Image acquisition and contour extraction workflow of main claw on hind tarsus of Holotrichia diomphalia
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Fig.5 Schematic of profile curve fltting
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Fig.9  Schematics of working position of straw-cleaning disc

[l 425 RS o R B BRI e 202 ik
FeVG T S5 3l B 1B 3 23 A5 R 46 Ry 2 Rl e e 5 Bl
B, AR A b Z Sy A 2 T
R SV

%(t) =v,t + Reos(wt) cosB — Rsin( wt ) sinasinB
y(t) = Rcos(wt)sinB + Rsin( wt ) sinacosB
z(t) = Rsin(wt) cosx
(7)
w(t) oy (1) z2(t)——3L 0 TS AE AL bR R
XY . Z BhAEFR  m

X

t—F ] s
R Y o B RS T s B R X T R &

A3 S IR ¢ SR A 7 B R 1A T
JTE 3 A7 0] bR R o) i e Wiz g g Oy
] AL, HRE T R R N

v, (1) =v, — Rwsin( wt) cosB — Rwcos(wt) sinasinB

v, (1) = - Rosin(wt)sinB + Rocos (ot ) sinacosB

v.(1) = Rwcos(wt) cosa

(8)

X v, (1), (1) 0, (1) — RIS XY Z By

[ R ) S8 6 m/s

X (8) AT, B A o« AU R B ik 7 45

VA 88 T T RIS ) 7 [e) 38 k| DT 2 il 5

AR LR s A LIE7 e PN k7 aN I UL TFEE)

B AR, # O a4 A 1o, A T4 = RS AT

B I IR RE 7 RO oo DU 32 2 52 i il O 2 [ 5%
ik 233 i) 8 285 A 8 ] R 43

Sk — A RS AT A X A AT PR S 25

(R RZI] , LAAT D45 A 10 G T30 A 481, AR AR s 2 el

WE 10 Fros, Wy E 9 Hhas (B A bR &, X AS FEIL PR

WA TIE 3T

E 10 FEFssEE

Fig. 10  Diagram of straw throwing

2[5 204 S5 R AT A O I g g mTaA
RS ATAE R A S SR AS BRI T B S ARz 3B
AEITRISEL, 7R Z MRS A5 3045 [ A 1 RS L 23 <
RELT3 9 25 AT IS0 AT 058 25 TR 458 ik ) 3k 38 5 3 A7
00 7 32 IF 2 4 380 2 A [R], 00 2% W P 3 RE A ey
2 (8) 25 B4 TOL e B O e e, TR 3 1) 221
Nty WIS R0 8 -4 53531 A

uy, =v, (1))

ug, =0, (1,) (9)
uy, =v,(1y)

P wg, g, s, ——FEFF LB BEIR] XY Z J7 619
HE m/s

TR RS I, 1S TP sz = /e s 3l T i
x, (1) =x(ty) +ug, (L =1t,)

¥, (8) =y(ty) +up, (£ —1,) (10)

z.(1) =z2(ty) +uy, (t—t,) —%g(t—to)z

Kb x (1) oy, (1) 2,(2) FEFFES T XY . Z
HhARFR ,m

x(ty) y(ty) 2(ty) FEFF I Bk XY Z
HHABAR , m

g——HSINEE m/s



22

AR 4 . FRI DR AR R R BT 5 1 217

FEAT B HO I 2, (1) =0, i L AT R A5 A5 AT K
ATmFra] ¢, AT SRAFREFTAE Y J7 1) bR ) i 5 B
BlH

L=1y, () —y(t,) | (11)
Ly, (1) —FHFFE LA Y BHARER ,m

KA s — WA FEFAE XOY V1N & i

KFH B

s = (xs(tf) —x(to))2+(y&(tf) _y(t()))z

(12)
A x (1) —REFFEHLE X BT, m
BRI b R
h=z(1,) +2% (13)

2g

H b R XA A IR 30 0 B8 43 B vl AT

1 o FOAGT AR B 2 S M HOHEVERE ) CHES AL, o F
S T L7 [ R A e, DA R T P e S

SO B B VU e R e A 1) R i AT R T K
B IR RS, By (RS AF Ve OV B, P
PMEIVE T, e R P e RS AT 0925 (132 sh 6T , 5 152
THREAEA S5 5 AR R e T, e A R BN
TR

SR TR DR AR ZER ™ R (kAL
BT 2 X s MU A I TSR 45 A RS A
K BE S AR L R S AR S DB R
ARER, B EVEHEE v, 5 ~9 km/h BB o
20° ~36° 5 fEff B K 8° ~20°,
3 BEREHAE

R A5 2R Attt DX 75 2 T K A iy FH DG A 7 i 1
BNy AT RS R B RS A R BT B
AU RS BRAE LA O, BRI 45 R XL B3R 1 52
M, TR EA S
3.1 BEMERNERRBEITSHMAE

RAC R A+ X 5 2 A M T b 8 o, Ok ) A A —
FEREER . AR ERR AL DB RS VRl
- BERUR ] B BE 25 IR RO R B A RS AT R ()
(42 Ve, 38 UK ] R A Hertz — Mindlin with
bonding V2 HEHI AL RAFHE > HAvbh Rl )42
fil 3K FHl Hertz — Mindlin with no slip #5 7UA% L4 fih
BEfE 5 EEARAT R VEAS R A RN 65Mn M, S
HESCHR[ 26 —27 ], 7F EDEM $R {4 i B 4% 42 ik 228
k2 iR,
3.2 fHEHBES

K H EDEM 55 807G 45 F1 5014 4 2 ffg 400 - A A
R G5 SR DS RR T 00, B A LA R K
1 700 mm , % 800 mm /5 200 mm,, 7& HE ) + 4 5

x2 BETEESYH

Tab.2 Discrete element model parameters

i H S8 Bl
THA L 0.30
TR A R/ (kgom ) 7 800
S Yt/ Pa 7.0 x10'
MEL/NEA 0.38
+ e B/ (kgom ™) 1850
B Y E/ Pa 1.0 x10°
MEL/NEA 0. 40
FEFHIBURL I/ (kgem ™) 180
By YIR L/ Pa 1.0 x10°
UEEY 0.04
TR R EREE R 0. 50
BlEEHE D E 0.04
BT 0.30
FEFFBOR TSRS DS R IR L 0. 30
Bl EEHE R 5 0.01
B 0.30
FEFFURL-FEFRIOURL R 4R R 4 0.30
Bl R AL 0. 01
U E Y 0.20
R AR R L 0. 40
Bl KA 0.25
t e - R, IR W )/ kPa 200
Il L) [0 3 1/ kPa 68
BRI/ (N-m~3) 3.4x10°
VI NIEE/ (N-m ) 1.5 x10%
UEEY 0.50
IR A AT O R A 0.30
Bl KA 0.05

BB Bk A R T, A2 B 100 mm J& 43 F0kL 2 | B
IR BT,

et DB AR VE R R SR 4 R FORAEFE,
T R A SEBR ) FOKFE FF ORI AY 2545 S U
EBAE R CHR[28 ], R A 10 BRI A RLK R £k
T FORFEFHORIAIARL B BRAK ELAR 20 mm , FHAR
BRCEE 10 mm, H & F A KE 110 mm, i &
UL A PN HE R B2 40 mm JE A AT B 25
2 RIS RS A S

15 FH Solidworks 4 4 75 7% %5 B = e AL & fk
B R BRAR DTS5, AR B8 2 VSRS B A, BT
Fili R SAR AL | igs #6523, A EDEM B
JUIR B, Qi 11 BTaR 15 R T A T A e i
] FR RE RS AR B A, O R SR I O AR
e,
3.3 iFMIERR

MR A5 A 75 s 100 5 1) B A A 465 51, At o DAL
BELEV BB 5 RS B BT AR oA e R 2R
[, 2B SCHR [ 29 — 31 ] 454 52 bR oK 4 bk
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Fig. 12 Clearing straw rate detection
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Fig. 13 Diagrams of straw throwing distance measurement
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Fig. 14  Single-factor simulation results
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THRRA/NT 80% BIARAE , T BUFE bR fa HLAF &
BRI 6 ~ 8 km/h 152 22 R R IR I0 A Ml 38 i
3.4.2 Hifif

HH ] 14b RIRT, 35 A 230 55 Rl FF A 1) e B K5
G AR (52 5 T AR P3G K, B A T I R R
M H A R 2003 2 28R, 2 TS BRI W TR
FH 76. 15% T+ %= 88. 48% , i 1] fie KA P A 25 th
19. 8 cm 3 % 28.9 em, JF R AE 38 B B KR A
U TR TE AN Y ) R kT RS AT HER, FE
28° ~36° X [H] , Fip i M o KAT RS ok LA AR T
A RIS 2 AR ARB T R TG TR IR R 79.23%
PP e B 450 & 25.7 emo ZEH Z E AT MATE
26° ~30° X MV A5 AR KE 83% L b H il P BE 2 4%
T, IE AR IR HL 26° ~ 30° 4 Ky Hip Bt £ HUEL i
3.4.3 fulfsifn

l 14c bR Ti R 28 S5 F5 R R ) B KA P B 2 Bl
TH il B S A 3G R R R R B e a4
0 Af Fh 8°¥G & 14° ), th TR mVEH 18 2 15,2
WiHa bR [R5 $E T, 1 RS R 79. 52% T+ 3 90. 15%
B B KPP E B M 19.2 em B9 & 29.0 em, 1F
14° ~20° X [0] 2 U458 bR 2% 18 ) %, W5 5 R % =
79.38% WU PFHE B 4696 2 23. 4 em, ZEA H G
FAFE 12° ~ 16° X [A] VRS A4 85% LA H iR
#1526, 8 em VL I, IEASIRIG R 12° ~ 16°/E N
650 £ UL
3.5 EXRBERSHH
3.5.1 B HE

TE PR ZE A B2 IR T, R = HKF
PRI R TR DB R T S R SR R S A A,
AR R Sk 3 Fis

3 HABERHED
Tab.3 Codes of test factors

N
oy MUEAE s,
mrifh/(0) MBS/ ()
(km-h~")
1.682 8.00 30. 00 16. 00
1 7.59 29.19 15.19
0 7.00 28.00 14. 00
-1 6. 41 26. 81 12.81
-1.682 6. 00 26. 00 12. 00
3.5.2 KRS0

FIH Design-Expert 13. 0 B4 X 45 2 i2E 47 [=1 15
oA IR A RN 4 s, X, X, X O R G
{EL, 7 220 A 8 RN 5 B

HIZE S5m0, RS R Y, AR R X, (X, XS
X; 0 X 3 o 3 X X, 3 AR R

x4 RBEAREER

Tab.4 Test scheme and results

P IS THRER, R ) Bl
X, X, X; % YRR/ cm
1 -1 -1 -1 78.25 21.45
2 1 -1 -1 85. 36 28.76
3 -1 1 -1 80. 14 25.41
4 1 1 -1 89.42 30. 12
5 -1 -1 1 80. 07 24. 19
6 1 -1 1 88.29 29.43
7 -1 1 1 80.73 27.35
8 1 1 1 90. 85 30. 92
9 -1.682 0 0 77.58 24. 17
10 1. 682 0 0 92.23 32.81
11 0 -1.682 0 81. 04 24.43
12 0 1. 682 0 84.42 28.58
13 0 0 -1.682 81.53 24. 35
14 0 0 1. 682 84.21 26. 67
15 0 0 0 89. 36 30. 62
16 0 0 0 89. 14 28.97
17 0 0 0 89.52 30. 21
18 0 0 0 88.97 29. 65
19 0 0 0 90. 45 29.43
20 0 0 0 90. 29 29. 84
21 0 0 0 89.93 29. 68
22 0 0 0 89. 61 29.59
23 0 0 0 90. 18 30. 10

& R AR ) S R PR HE = Y, LA AR P X, X, |
Xy XX, X0 X5 B B X X, X R R
NN 5 SR R U AR v AN S 2 T X B e
AT EHALE S A9 3 R mH
Y, =89.69 +4.35X, +1.09X, +0. 825 8X, +
0.508 8X X, —1.49X; -2.26X; -2.21X;  (15)
Y, =29.78 +2.59X, +1.24X, +0. 736 0X, —
0.533 7X,X, —0.401 2X, X, —0. 345 2X; -
1.05X; —1.40X; (16)
AR ARG PR R Z (8] 52 HAE X TR R A
FERE ] e I PR B3 0% 52 0] AR R Ty 22 7 BTt R, %k
30 2 S LI A o oy A, R S ORI X X 0
THRER Y 5200 02 BEHTAIL R M B 5 0 G (B 4
U 2 (8] A7 AE BRI VE 5 X, X, (X X 0 T )
I RHUPRIEES Y, 500 35 2 AL RLAE Ml B 43 il
T AR WO 2 (] 5 o A R e BRSO . K
TR AR I 5 A8 T U e e oy T3, B A ()
HERHAB A TV b5 A2 A, IR TF IR S 4L
Pl , e PR 2R 58 BAE FH XD 45 B8 52 Wil 4 W) 17
i an P 15 FR
L 15 Sy BILEAE Ml 328 B R i T8 2 46 4 % T
Al 3 1 W I T 43 BT 45 2R E — R YL A B A
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Tab.5 Analysis of variance of regression models

£t KIE - CEHA BB F P
R 478. 60 9 124.23  <0.0001*
X, 258.08 1 602.93  <0.0001*
X, 16.16 1 37.75  <0.0001*
X, 9.31 1 21.76  0.0004 "
XX, 207 1 4.84  0.0465"
X\ X; 0.4753 1 111 0.3112
(Y, X,X;  0.9316 1 2.18 0.1639
X 35.32 1 82.51 <0.0001 ™
X3 81.15 1 189.58 <0.0001*
X3 77.63 1 181.36  <0.0001*
%% 5.56 13
K 3.37 5 2.46 0.1239
W2 2,19 8

A 484,17 22
R 173,52

85.54 <0.0001*

9
X, 91.56 1 406.20 <0.0001 ™
X, 21.04 1 93.33  <0.0001*
X5 7.40 1 32.82  <0.0001*
XX, 2.28 1 10. 11 0.0072*
U A ‘ '
(%) X2 1.89 1 8.40  0.0124"
X3 17.42 1 77.28  <0.0001*
X3 31.09 1 137.94  <0.0001*
k% 2.93 13
I 1.09 5 0.9514  0.4985
R 1.84 8

B 176.45 22
e ox FRE B (0.01 <P <0.05); #* R P2 &
(P<0.01),
B RSB HL B, 4 160 Ak BRI WS
RSy SRR IR N S SR N S e R T
REDC AR AT % B | 5 %o IO B2 S LAY B RE ,
DRERF IV S HER SR THE TS RCR
P 15b SR A £ Sk v KT AL ELAE b 3 3 A
FTARRE R X6 7 AT A [ s DR 48 9 85 9% Wi 7 TRT 0 B 45
R, BEAE HLEAE Ml B RO A 75 B F A S R

—T

95— 1 35 -
90l— S

% 0l sl

% 80f LA

FEFIRE (A AR 5/ om
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\

0 = 7;(\@ 30 50
28 65 W& 28
it 0 2 26 6.0 ol - 27
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ik 35 R P TR 00 7 X 2 2805 F 52 e Y
3.5.3 LSRRI

A B 4 A N R B A A L T AE S8 R
Design-Expert 13. 0 24 H Numerical #&3 X 52 1
TEAE A Y, FIRS AT R 0] fe KM R EE B Y, 1) 4% A 3R ok
TPt , 456 SEPRrEr 2R | AR TERS F 1 9
P AR EL R 5 T 4 2 T A 5 A S 0] Ay
JELAE LI S AR
maxY, (X,,X,,X;)
15em<Y,(X,,X,,X;) <30 cm
st [—1.682<X,<1.682 (17)

-1.682<X,<1.682
-1.682<X,<1.682
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Fig. 15 Response surfaces of interaction effects of test factors on evaluation indicators
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B BT 0 3, W BRI HE R 6 ~8 km/h, A TR
FES 25 mm, FEAFEE /AR ANIE 16 s 5 R T G
(B 254 FH T s A AR v 38 B2 DXl G A1 B 3 282 A o)
B BT b B HEAA BOR R PR RE T .
2t EDEM J5 b #4ge it 7EAF i E 6.7 .8 km/h T,

m/s

1.95

5 A 355 A (B 485305 A5 2R 43 51 R 86. 81% 89. 64% FI
85. 92% , 5 3 ik 111 X IH A B 3 42 = 4. 33 .5, 62,
6. 31 A 3 a5 il FF R ) e KA B R 152 27. 90
28.31.29.10 em, 341 3. 70 2. 66 1. 24 cm, 45H3%
W, 5 HE 280 P OB v A S G AR T D AR
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Fig. 16  Straw velocity distribution
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Fig. 17 Bench test rig for bionic straw-cleaning

device for maize strip reduced tillage
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FREE 3 WHCFE,
4.1.3 [R50

A7 AR B R B TAES B G Uk
Je MU T 7 km/h HESTF 28 MASEAG 14°,
Ko O7 R TGRS B 2226 T 20 BRAL, OR8N IR EE Iy
£ 25 mm,

AU AT R Y] EBUR S ST, 920
T R 89.38% , i AT M 1) f5e 4 445 B 7 R
27.52 em, YL 5 HA5 A H, 0 A R 22
0.26 I~ H 0 i, XS R 2204 0. 29% 5 % FF 15 [7] fi
KA PR B H 22 0. 79 em, HIXTIRZE R 2.79% , 2
T b 22 2 /0N | 3 W e A 2 % w7 v
B R EA B 0 TS D AR TSRS R A H A R
LIRS R (a4 a8
4.1.4  AN[EIFEFE o AR EE T RS M RE I K

] S0 25 2R 3R I, ZR AL BB 4 X FOR RS AT i
i B, ZBCRHLEAS A SO 52 | s A AT
FEAE 0.6 ~ 1.8 kg/m’ YR NI SN, ELHE WA RS
HE SR SistriaEtE, WE T Z R
HEPE REFTREAL A S5 A AT R T, MELL R GEi
TR E PERERE A 6 i AR IR, IRAE AT
DRI, 52 IR B I TAE S8 RS AT s
by B i T A B e Tk WD S L T
BORRTEATE i LR,

G55 XISLPR T00, B 5 AT o i Rh L
0.6,0.9.1.2.1.5.1.8 kg/m2 N BRI S R
BEHU N 20,3040 50,60 mm,, BRI 3 1
FOLIRE, A R ATRE 3 m, P 2 m AR E
BOAMAX g 45 Rk 6 fis,

*k6 ARBEAESETERHMERENKER

Tab.6 Results of straw cleaning performance

under different straw mulching amounts

SR/ (kgom™2) THRAR/% TR0 B R PEIE 5/ cm

0.6 93.27 29.55
0.9 92.35 28.10
1.2 89.38 27.52
1.5 82.16 24.35
1.8 76. 84 21.62

HH 2 6 W, Bl 2 M R R 55 R B 0
SR MR YRR R R SRR S TR R S R
ol 1) i KPR B M B 7 T T R i TR, A
RN 0.6 ~0.9 kg/m* L7 35 K0 WG R
FRAETE 92% LA b 5 1A ) e KA B HE 25 A 5 Y
I EI A 1.2 kg/m® B, 15 R IEE 89.38% , 1
MPPERE I —E T M S P A 1.5 keg/m”
51,8 kg/m® & 5 T 00UEE, 3R R0 5 % 2

82. 16% 5 76. 84% , & F 4 1] Fge A 446 HE 25 7 ] 25
EH N

LB TSR T 80% 1 AP ARG, 15 4 1
i EERAEEE AT 1.5 kg/m® £ T 68
TR VE ZoR M B I % 1. 8 kg/m” A, T
FEH R 2 76. 84% MELLI R RUEEREZoR, R,
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10 em FH EAZE N 16,82 mm , 5K FE K 15.2% ; 1
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18.6% .
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Fig. 18 Field test
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H A ZE RN 7 Fron, & 7 ol A, 5
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St 5. 99 AN E S X TE 7. 61% , Faiy
RO B . JRIREF 05 A #0145 0 9IO% ob
GEHGR T ORI RE AT AP T3 RSB FH (A FH 4
B4 T 58 50 1 i S 4 1) 3 3 0 I B 0 A
/D T MR P G A AT A ) A B R T
VRN 6 7 kin/h TBUF 5 A 15 5 R B A0 % FF
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6 km/h B e 8 0 3. 95 em, % 2% I B 1R Ml 3
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Tab.7 Field test results of different straw-cleaning discs

DRSS (4% 95 VAN - X VA =i a3 A BTON

wo (km-h™1) % PRGBS/ cm
6 81.20 23.55
T3 it 11 I R A 7 83.15 25.10
8 78.75 27.40
6 85. 46 27.50
1 5 % (B 4 7 88. 50 28.35
8 84. 74 28.75
5 %#ie

(1) B X AR L R 4 X 2 KA A B 5 2
AR B AL T AR G T A R AT AR RS AR IR
TR AT ) 0 PR RE ) A J 58 TRt | LA AR b O PR Bl 5
Jei B TR 5 A U it 1 R %A D B

AETHRE R I AR B R A AU AR [ A2
Bt 5 a5 lis szt , W T R e A
BILELAE M 338 B X s A Ak g 4 2% | 4 B0 2o 8 T s
AR B T 3 E OGBS S B SR S5
A PRI L, R 05 A8 T 7 B B S 5 A S it 7 B
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T i, R WLE T ARG £ X B A DR RS
Ak

B # X B
(1] [k 2=t se BRI B ER R SHLEAFFE R R T]. AL HUA=A4R 2018 ,49(4) : 1 - 19.

(2]

(3]

(4]

(5]

(6]

(7]

He Jin,Li Hongwen,Chen Haitao,et al. Research progress of conservation tillage technology and machine[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2018,49(4) :1 —19. (in Chinese)

BUULER , ChRAR, A A T SR MO R E A i AR 1 DOREH R [ 1] £l U4 ,2010,41(10) 228 - 34.

Jia Honglei, Ma Chenglin, Li Huizhen, et al. Farmland protection in black soil region of Northeast China based on analysis of
American conservation tillage[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(10) ; 28 -34. (in
Chinese )

AR X BARIE, 45 AL MR P PR 4 BRI R )], A HLIAR 202556 (4) :1 -21.

Wang Chunlei, Liu Chong, Lin Donghong, et al. Research progress on conservation utilization and cultivation technologies and
equipment for black soil in Northeast China[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4) :
1 -21. (in Chinese)

TR, B MG, T8, 5. bR b R/ DR E AR SHLEMT R [ )] AR HURA-H,2021,52(10) ;1 - 15.
Wang Qingjie, Cao Xinpeng, Wang Chao, et al. Research progress on maize no-tillage and reduced-tillage sowing technologies
and equipment for black soil in Northeast China[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(10): 1 —15. (in Chinese)

BetiF, RSE, BUTR 2. Sl i D BRI S SR SR il (1] A R 41,2022 ,24(2) <124 - 135.
Duan Yiping, Wu Mingliang, Lii Jiangnan, et al. Research status and development suggestions of anti-blocking technology for
no-tillage seeding[ J]. Journal of Agricultural Science and Technology, 2022, 24(2) : 124 —135. (in Chinese)
W, S PB4, A T DX GE AR AT TR G RE R RS AE N B RO SR [ )] AR LA, 2021,52(6) -
43 -52.

Yuan Panpan, Li Hongwen, Jiang Guiju, et al. Design and experiment of stalk cleaning device for no-tillage sowing belt of
maize with wide-narrow row in drip irrigation area[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,
52(6): 43 =52. (in Chinese)

Foar, Bt AR A A S RER LA D 1 S R R BB SR [T ] AR LA, 2019,50(2) 168 - 77.
Wang Qi, Jia Honglei, Zhu Longtu, et al. Design and experiment of star-tooth concave disc straw cleaning and anti-blocking
device for no-tillage planter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(2) . 68 —77. (in



224 Lok Bl e R 2026 4
Chinese)

(8] RSFEN, 205K BEAHE 45, ST IC S MHRE Al LA 1 420 B BT 53 [0 ] RO AL 41,2023 ,54(7) <111 - 122.
Hou Shouyin, Ji Zhangchi, Xue Donghui, et al. Improved design and experiment of straw cleaning device adapted to no-tillage
seeding unit[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2023, 54(7): 111 —122. (in Chinese)

[9] Torbert H A, Ingram J T, Prior S A. Planter aid for heavy residue conservation tillage systems[ J|. Agronomy Journal 2007,
99(2) .478 -480.

[10] 26, 200 = B, 5. U R RURTBE FE R SR [ ], AU, 2025,56(8) :320 - 332,389

Li Mingwei, Guo Caiyun, Chen Yulong, et al. Design and experiment of bionic mole forelimb adaptive straw cleaning device
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(8) ; 320 —332,389. (in Chinese)

[11] Wang Q, Wang Z M, Zhang Z H, et al. Design and test of bionic elastic row cleaner with improved straw cleaning performance
[J]. Agriculture, 2024, 14(2) ; 186.

[12]  ERAAERADETE B AU TIN M. b5t b E RO R E R H v, 2007.

[13]  E& ATHEIERBHE BRSBTS D], K& F MR ,2019.

Wang Qi. Research on key technologies of inter-row clean-tillage and its strip-till machine[ D]. Changchun; Jilin University,
2019. (in Chinese)

[14] Raheman H, Sarkar P. Tillage machinery :passive, active and combination[ M]. Singapore; Springer Nature Singapore, 2024.

[15]  SEUT XA AR, 45 SpFRR A LI i TGS AU 05 S 1R80 [ 1], A HLI7 41,2018 ,49(11) :68 ~77.

Jia Honglei, Liu Xing, Yu Haibo, et al. Simulation and experiment of concave claw-type residue cleaning mechanism for no-
tillage planter J|. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(11) ; 68 —=77. (in Chinese)

[16] Matin M A, Fielke J] M, Desbiolles ] M A. Torque and energy characteristics for strip-tillage cultivation when cutting furrows
using three designs of rotary blade[ J]. Biosystems Engineering, 2015, 129 329 —340.

(17]  JEHRE, STUEE SRR, 2. SRR R LT IR s AL S8 AT [ 1] AL #4201 ,42(10) :56 - 60.
Fan Xuhui, Jia Honglei, Zhang Weihan, et al. Parameter analysis of profiled claw-type anti-blocking and residue cleaning
mechanism for no-tillage planter[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(10) ; 56 - 60.
(in Chinese)

(18]  Tar, FEDL, JSCHE, 45, MR v A S b RS b s B ot 5 [ 1] R HLe 4z ,2021,52(3) 125 - 35.

Wang Qi, Tang Han, Zhou Wengqi, et al. Design and experiment of straw cleaning and anti-blocking device with automatic
width control[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(3) ; 25 —35. (in Chinese)

(197  Eifs, RBUE, Bk, %. T IWHO - EKF ()& f Gk HLIE AR B S R o (1], R HLa A 4R, 2024,
55(3). 75 -84.

Wang Song, Yi Shujuan, Zhao Bin, et al. High-speed no-till seeder seeding depth monitoring system based on IWHO — EKF
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(3) : 75 —84. (iin Chinese)

[20] GRARSFRREEAE  filess, 45, TR S BFRE L3l I A2 11 8 0 3 A R B B S [ 1] AR HLB S 41, 2025,56 (1)
174 - 185.

Zhang Yinping, Hao Zehua, Xu Ting, et al. Design and experiment of power-compensated adaptive straw cleaning device for
maize no-tillage planter[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56 (1): 174 - 185. (in
Chinese)

[21] Chen G, Wang Q, Li H, et al. Experimental research on vertical straw cleaning and soil tillage device based on soil-straw
composite model[ J]. Computers and Electronics in Agriculture, 2024, 216 108510.

[22]  ABREZ, VDY R [E AR, ZRAEHE X E RS AT AL s BRI BUIR 535 [ 1] oK% ,2021,29(3) :100 - 110.

Hao Zhanhong, Sha Ye, Mi Guohua. Application status and countermeasures of maize straw mulching technology in Northeast
China[ J]. Journal of Maize Sciences, 2021, 29(3) : 100 — 110. (in Chinese)

[23] Li X, Zhang Y P, He H J, et al. Design and experiment of row cleaner with staggered disc teeth for no-till planter[ J].
Agriculture, 2023, 13(7) . 1373.

[24] Liu W H, Su Q, Fang M, et al. Parameters calibration of discrete element model for corn straw cutting based on Hertz —
Mindlin with bonding[ J]. Applied Sciences, 2023, 13(2): 1156.

[25] Zhang S L, Zhao H B, Wang X Z, et al. Discrete element modeling and shear properties of the maize stubble-soil complex
[J]. Computers and Electronics in Agriculture, 2023, 204 107519.

[26] BAIRZL, RIS, v Wk, 45, SUANG" TARSE i 2R T BT 518 [ ] ALK ,2025,56 (4) : 151 ~ 162.

Zhao Shuhong, Zhao Guopeng, Leng Mingxin, et al. Design and experiment of sawtooth stubble-breaking blade interacting with
subsoiling shovel[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4) : 151 —162. (in Chinese)

[(27]  WhoCae, BB, 15 6, A, 2% X AT 32 8l 2R S Bl A B 220 B B SR [ 0] AL HLB: 41,2020, 51 (3 T
2).55-62,71.

Yao Wenyan, Zhao Dianbao, Xu Guangfei, et al. Design and experiment of active anti-blocking device for maize no-tillage
seeding with strip row alignment[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(S2) ; 55 -62,
71. (in Chinese)

(28] T, EPHE, WA, 4. SRR R RIECE U B BOTRER S BbRE [ )] R ,2021,52(3) 1127 - 134.
Wang Weiwei, Cai Danyan, Xie Jinjie, et al. Parameter calibration of discrete element model for densification forming of maize
straw powder[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(3) : 127 —134. (in Chinese)

[29] GB/T 208652017 #t (/) BEIGACIEFIHLLS]

[30] NY/T 1409—2025 ERKTPAEHLIALSRAP HERHERAR AL S].

[31]

DB23/T 2678—2020 L KAEFFH T M H AR BAR S].



