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Design and Test of Stubble Returning Preventing and Straw-clearing
Anti-blocking Device for High-speed No-tillage Planter

Chen Haitao'>  Wang Xu' Hou Shouyin' Wang Xing'
. College of Engineering, Northeast Agricultural University, Harbin , China
(1. Coll Engineeri North Agricultural University , Harbin 150030, Chi
2. College of Mechanical and Electronic Engineering, East University of Heilongjiang, Harbin 150066, China)

Abstract: Aiming at the problem of stubble returning caused by the working parts of 2BMF] series no-
tillage planter under high-speed operation conditions, an anti-blocking device for preventing stubble
returning was improved and designed. The range of key parameters affecting the operation effect of straw
clearing cutter was determined by single factor test. Based on the EDEM — ADAMS joint simulation test,
the five-factor and five-level quadratic regression orthogonal rotation center combination test method was
applied. The length of the regulator of straw clearing cutter, length of handle, center distance between
planetary wheel and hinge point of straw clearing cutter, operation speed and rotation speed of cutter shaft
were taken as test factors, and straw clearing rate, soil disturbance rate, equivalent power consumption
and straw returning rate were taken as evaluation indexes. The simulation test and optimization of
structure and operation parameters affecting the performance of straw clearing device were carried out.
The test results showed that when the length of the regulator was 35 mm, length of tool holder was 54 mm,
center distance of planetary hinge was 58 mm, operating speed was 14. 4 km/h, and rotation speed of tool
shaft was 540 r/min, the straw removal rate of the device can reach 91. 11% , soil disturbance rate was
21.03% , equivalent power consumption was 9. 35 kW, and straw returning rate was 4. 85% . The field
performance verification test showed that under the operating conditions of 50 mm soil depth, 14.4 km/h
operating speed and 540 r/min cutter shaft speed, the optimized straw removal and anti-blocking device
had a straw removal rate of (91.23 £0.56) % , soil disturbance rate of (22.63 +2.34)% , equivalent
power consumption of (10.63 £ 0.33) kW, and straw return rate of (5.90 +1.98)% . The straw
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returning rate of the anti-blocking device for preventing stubble returning was 28. 13% lower than that of

the original straw cleaning and anti-blocking device, which could effectively reduce the stubble returning

and improve the quality of straw cleaning.

Key words: high-speed no-tillage planter; straw-cleaning anti-blocking device; stubble returning
preventing; EDEM — ADAMS co-simulation
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LR 2058 3. 5ER 4. R )4

1.2 T1E/RIE

2BMFJ B4 B 6 B AL T A5 By 38 2% &7 A1l iy
SR = R R S 3t B LB, L4 T AR O 1) A7
PRV I, TR ASCRE R Ml 8 N AT 3208 25 55 FF AR 22 &
EP N AL W= DA R iR EZY (e E e AR
Ji& & , 71 Bl e e i 3 G D 44 B RS AR A o FT RS



%21 )

PRIV A5 iy T SR DR Al AL By 5 A [0 3 G By 3% 5 L BT 5 A 205

AT 1 AL EL O THT AL 3K, BT E £ SE T % 23 4 [ I o A1
AT [l 3, e AL 8 P 1 M i 52 Bl PR B 45
2 XEHSHRITELW

2.1 BRETNELEWRIT
AR V75 R 97 3% 26 A Ml D B A5 B B A [T ) g
(s BT A DAL S I 3 R

1 2 3 4 56 7
SRR F TN

Fig.3 Structure diagram of straw clearing cutter
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Fig.4 Tooth end motion analysis
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Fig.5 Analysis of stubble throwing motion
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Tab.7 Effect of planetary joint center distance
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Tab.9 Factors and coding
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2 40.0 56 62 14.4 700
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Y,=—x100% (23)
m; +m,
AP w5 R B R R S T
R T R kg

m,— 15 K By % % & AE 5 A2 R AT RS
) i, kg

3.3 RRERSHENN

TR FK S R B DE S e S b 4 A i g
5206 36 41,12 ] Design-Expert {4 X5 17 15 By 3
BB B R AT A A BT S R g e gl
RN 10 Jros ,x, v, vy vy v R HISE

F10 RWEHE5ER
Tab.10 Test design and results

AN TS BRiEiELN
T H % iig% i F-?jT‘
X %, %y Xy Xs Y,/% HshF ke RlArR
Y, /% Yi/KW Y,/%
1 -1 -1 -1 -1 1 95.60 27.20 7.30 7.04
2 1 -1 -1 -1 -1 93.61 28.16 6.12 3.23
3 -1 1 -1 -1 -1 93.28 29.38 6.14 5.32
4 1 1 -1 -1 1 93.85 32.90 7.21 5.76
5 -1 -1 1 -1 -1 96.55 26.08 6.18 5.96
6 1 -1 1 -1 1 96.72 28.85 8.17 17.73
7 -1 1 1 -1 1 96.73 33.87 7.11 12.13
8 1 1 1 -1 -1 93.70 23.01 7.26 6.67
9 -1 -1 -1 1 -1 93.16 23.42 8.20 7.09
10 1 -1 -1 1 1 93.36 25.70 8.22 6.97
11 -1 1 -1 1 1 93.15 27.14 9.26 9.16
12 1 1 -1 1 -1 89.91 22.26 7.64 6.41
13 -1 -1 1 1 1 96.41 24.43 8.79 12.47
14 1 -1 1 1 -1 92.24 22.11 8.04 7.92
15 -1 1 1 1 -1 90.70 29.07 7.86 11.96
16 1 1 1 1 1 93.48 22.56 8.79 10.79
17 -2 0 0 0 0 95.64 27.59 8.10 9.49
18 2 0 0 0 0 93.60 24.27 8.35 5.74
19 0 -2 0 0 0 94.39 21.72 7.36 17.46
20 0 2 0 0 0 91.20 26.56 7.38 10.07
21 0 0 -2 0 0 93.15 27.42 7.58 5.70
22 0 0 2 0 0 94.35 28.54 7.94 11.06
23 0 0 0 -2 0 95.83 30.43 5.90 6.10
24 0 0 0 2 0 92.22 23.07 8.80 10.54
25 0 0 0 0 -2 92.75 23.46 6.00 4.21
26 0 0 0 0 2 95.31 28.43 7.80 10.27
27 0 0 0 0 0 93.86 25.72 7.11 7.67
28 0 0 0 0 0 92.96 25.54 7.18 8.30
29 0 0 0 0 0 92.95 26.92 7.17 8.03
30 0 0 0 0 0 93.79 26.25 7.20 8.34
31 0 0 0 0 0 94.26 26.85 7.27 17.78
32 0 0 0 0 0 93.88 25.82 7.11 17.91
33 0 0 0 0 0 93.69 27.00 7.26 8.35
34 0 0 0 0 0 93.33 26.71 7.23 7.93
35 0 0 0 0 0 93.86 26.85 7.21 8.36
36 0 0 0 0 0 93.32 27.04 7.18 7.82

VI - 7 LR 0 AT R 75 Y0902 2 B R A T S o A 92 AT I Y
FM R BN RR R RIEZANTETAPFREZEZMN, Z5
UE,36 2138 95 24 ) S
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3.3.1 R
BRI 20 Rk 11 frR SR J5 8
4.17 ,F {HJy 18.81,P {H/NT 0.000 1, 2437 P {H
FF0.05, R (E 5 0.961 7, 336 B 12 4 780 (1 401 45 0020
B, A DA R AT 3 0 . S RO S 3 R ) [
AR R S IE RS AR ) ] R
Y, =93.59 -0.53x, —0. 8x, +0. 54x, — 1. 04x, +
0.89x, +0. 18x,x, +0. 013x,x, —
0.009 375x,x, —0.016x,x5 —0. 11x,x, —
0.19x,x, +0. 19x,x, — 0. 26x,x, +0. 26x,x, +
0.29x,x, +0.26x —0.2x> +0.039x> +

Y, =10.59 +2.55x, +1.36x, +0. 82x, +0.41x, +
0.19x5 +0. 11x,x, + 1. 0lx,x; — 0. 43x,x, —
0.094x,x5 —0. 14x,x, +0. 044x,x, —
0.059%x,x5 —0.22x,x, — 0. 046x,x5 —
0.048x,x, +1.06x; +0.20x> +0.59x; +

0. 046x> — 0. 066x- (26)

R13 HEBHEFESN

Tab.13 Analysis of variance of power consumption

LKW TR AmE ¥or F P
RiEl 22,98 20 1.15 347.29  <0.0001**
%2 0.050 15 3.31x1073
Jeftl 0.023 6 3.81x107%  1.28 0.354 1
W#E - 0.027 9 2.97 x107°?

MO 23.03 35

0. 11x; +0. 11x; (24)
x11 BFRERESW
Tab.11 Analysis of variance of straw clearing rate
EREWE CFHM AmE B F p
A 83.40 20 4.17 18. 81 <0.000 1"
R 3.33 15 0.22
) 1.65 6 0.27 1.48 0.2874
w2 1.68 9 0.19
Ja¥ill 86.72 35

3.3.2 s
T IR B T AR AR 12 Pros ALY
5k 13,42 F 82k 26. 17 , P & /NTF 0. 000 1, 26 8135
PAERT 0.05,R°{H J 0.972 1, {3 B 3% A% B i 00 &
RORBAF, 7T DL R AT 36 70000 o 51 B A Bk 35 5%
M PR3, £ 1 R S IR gl 30 2 [a) ] A A A Sy
Y, =26.41 -0.9x, +x, —0. 16x, — 1. 98x, + 1. 21x, -
1.4x,x, —1. 18x,x, —0.49x,x, +0. 16x x5 —
0.01x,x, —0.22x,x, +0. 4x,x5 +0. 34,5, —
0.017x,x5 —0. 83x,x, —0. 041x; —0.49x; +

0.47x2 +0. 162> —0. 037> (25)

RI12 TEMHEFESN

Tab.12 Analysis of variance of soil disturbance rate
KSR CEHM AmE ¥ F P
LT 268. 39 20 13.42 26.17 <0.000 1"
5% 7.69 15 0.51
g4 4. 64 6 0.77 2.28 0.1285
% 3.05 9 0.34
JEyll 276. 08 35

3.3.3 Mg

Y IIFETT 22 W4 RANEE 13 FoR A3 7
R 1.15,F {5k 347.29,P {6/MTF 0.000 1,5 )51 P
{ER T 0.05, R*{E M 0. 997 8, UL WA A i1 0L 4 4R
U, T LA R AT IR 10 o S BRAN E  R
AU P 2R 5 Y i D RE = (8] (o] AR

3.3.4  FHAT Rl AR
AT [0l R 5 22 0 M4 SRANER 14 R B 3
R 8. 15,F {Hly 62.58, P {H/NF 0.000 1,2k fLI0
P{EKF 0.05,R* i 0.988 1, {3 B 12 45 A 1y 42
B ROCR B, AT LART R A7 g B . S B AN
FRWN R, 25 5 N RS AT (] R ] el
B Sy
Y, =8.07 -0.96x, +0.63x, +1.47x, +1. 16x, +
1.23x5 - 0. 14x,5, - 0. 2x%,x, —0. 096x,x, —
0.22x,x5 +0.32x,x, —0. 13x,x, —0. 16x,x, +
0. 15x,x, +0.23x,x5 —0. 34w,x, - 0. 13x] +
0. 15x5 +0. 057x; +0. 042x; - 0. 234
(27)
R4 BROFEFTESN

Tab.14 Analysis of variance of stover return rate

ZSKRWE FIr A HlmE  H)r F P
BE ARy 162.99 20 8.15  62.58 <0.0001
5% % 1.95 15 0.13

R 1.32 6 0.22  3.10 0.0624
W2 0. 64 9 0.071

B 164. 95 35

3.4 ZBEREREXKWIEIRA NG
3.4.1 LR

AT R vh O BE 55 ol 3 6 3 G S 1 32 LY
Wi 4 1 9a s, 7 [ s e BB B 48 5 1 ol o 25
RS FF IR SR i AT OB D, 2 BOE R ]
TR, ARG OL T, 36 I o 5 AT 0 RS ROR
T 8 5 Y G 25 5 T A o AR T R R R A2
JEE BRI, e BRI AR O B3

AT R vh O BB 55 70 Bl B S GE 3 R R 0 38 LY
M) qn 1l Ob Fir i, [ 5 A7 B B vl BRI R H4BE T
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Fig.9 Response surfaces of various factors on straw clearing rate

ol 5 e 1 R S BRI 2E B TS O e O,
37 JOCAE G AT 32 ol FT 03 A 08 K e RS AT B I I
Tt B AN AR I 3G ORAT R RO BRI W RS T A
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VBl 388 B2 55 7 Al e 060 T R 3 Y 52 L R A
Kl 9c FIrzn o Al BE AN AR I 375 s < B 7 Al e 3o 4
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A AR S AR B X e B R A S
Wi 4n Pl 10a firzn o 438 95 45 K AE 30 ~ 35 mm [X[H]
IR, AP B B n] B A 3 A 0 0 DDA A 4 B0 3 [
TR, AT T AR, T DA RS Sl A O
v TR R I i (RIS, R 2 3 AT BE 48 T S )
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3.4.3 MEINE

I I 5 7R B P L B XY 2 B 9 2
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Fig. 10 Response surfaces for effects of various factors on soil disturbance rate
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factors on equivalent power consumption
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Fig. 12 Response surfaces for effects of various

factors on residue pushback rate
maxY, (x,,x,,%, ,%, ,%)
minY, (x,,%, ,%; ,%, ,%s )
minY, (%, ,%, ,%; ,%, ,%s )
minY, (%, ,%, ,%; ,%, ,%5 )
ot [ —2=x, =2

-2<x,<2

-2<x,<2 (28)
-2<x,<2

-2=<x;,<2

s. t. [80% <Y, <100%

5% <Y,<25%

5kW<Y,<20 kW

1% <Y,<10%

I F Design-Expert #4471 2 H AR 1040 5K it
DL R T R R SRR AT M R S B A 18
B TAESEAH Sy I A g 35 mm JT 4R
KRR 54 mm AT R EAE LI 58 mm ARl
A 14,4 km/h L) f J1 805 3 Ok 540 r/min B}, 35 B89
WRERIBE 91 11% , LI 32K 21.03% , 2 4
TIAE R 9.35 kW, AT 1417 Ry 4.85% . K Y IEZS
RS N AL SRR e LIRS L N (2 i
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A0 FS %k (91.68 = 1.15)% , L34k 3h %
(22.37+1.97)% , B & P FE K (9.60 £0.67) kW,
FEAT[lfF A<y (4. 78 £0.61) % , 45 2R 5 S B AL 46
%—ﬁo

4 HEKE

4.1 RWEHSNHRES

RIS T 2025 4F 6 F 15 HLEZR bRk K2 m
RGHAT o BRI I MR 28 03 A 38 K K J 28
Ho, VEY) Fh AR 20k 221 650 mm bR ifE 28, FOK R
w154 kg/m” 3 B AR 28 mm, RS AFE 1Y
K 20.54% ,0 ~ 10 em P FE P ¥ 4 RE R R
18. 34 kg/cm’® | SF-34 4 18 S K %k 22.42%
4.2 FMEREREBESRE

(D VERF

1A T 32 48 1R M R T PN T 7 By 14 2k ' B T 2 I
A DX IR Ml i i 4 50 A% FF T 6L 09 LU AR, 78 58 0 R
AR DX R A R R SRR A, AR A o 2B A
B2 G - 249 98 B2 E B SR AE SYE Y 1 m x
0.5 m,

(2) Tz

DL 8 77 145 (8] 6 S T80 P9 U0 I 9 R T AR
56 #& JE T T T AR Y Fe (R VR O IR S B
XN

YZ:%XIOO% (29)
At S, 5822 BT B, o
(3) % K

ik T RE S B G By % 5 AT 2 ) A e %
AR 78 FE Y 2y = R v Bl i 22 BEL T3 9 AR B 2 R 2R
QR

: :FOVO +P (30)
’ 2
K Fo——H I GEAR BT 51 71 N
P—— A% S 2 I 0 486 157 AL i 14 el g 1
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(4) FE AT 145 R

{1 s 2B A M i A 7 Rl Al 22 O e A f
AT T BT U AR B LR AR B R
BB HE 77 1) 2000 B4 % A b 0 3 A e AR
T A DXCIORS AT I 5 AR 1l XIS T ) 7 2 R AT
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Us
Y, = — x 100% (31)

T my +m,
X m, T8 R AR DX 2 T 77 S A T T i, kg
m,—— i A BRI v A DA AT i kg
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_m, - (mma' —m,; )

Y, = m* "~ %x100% (32)
K m,—— M SR & kg

M, 25 DU 50R% FF 53 i e KA, kg

m ., —25 U 5 RS FF 0T o fe/IME L kg
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Tab.15 Verification test results

o WRR, RHEE MR IIRE, R
% /% kW /%
1 91.20 22.15 10. 65 4.70
2 90. 43 21.45 11.20 7.45
3 92.07 24.30 10. 05 5.55
Pyl 91.23 22.63 10.63 5.90

W O L3I0 25 L 55 I JR) 50 i 3K 56 2 AR F AT X
Lb , FH D325 B A9 95 % %60 (91.23 £0.56) % | + 4
WshF N (22.63 £2.34)% Y N (10.63 =
0.33) kW FEFFIIAF 2 4 (5.90 £1.98)% , tF &
SEAE Y P B 85 A L Ak i A 1 B A AR R A e, S
PrRouAS O 5 07 Bk 50 45 A 2 5, B AR R 22 i
O A, D) 30 iE 3 g 45 SR 3R W G 0y 0 50 f0 Ak
SERTIE
4.4 3FEbiKIE

XF He A AR T IS T R e VR L PR RE 22 5 Ak T
Je Vi G B B e A ) LAY RS T R A R ER B 50 mm,
J1 %k 540 /min, 76 VB 3 BE R 10.8 12,6,
14. 4 km/h @y 200 F #4700, i 50 B f A2 3 i
VIR o XU BT IS TE A B 2 R AT X HL A,
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Tab.16 Multiple comparisons incomparative field trials

LARIEER A $yj bt i _ DR
%5 12 TR 1R
AR -4.01% 0.13% <0.001 -4.35% -3.67%
+IEHHFE 1.08%  0.24% 0.016 0.48%  1.67%
Mt D) 0.73kW 0.17 kW 0.017 0.31 kW 1.15kW
FEAFEAF % 2.02%  0.25% 0.005 1.40%  2.65%

WRWARE 0.90%  0.49%  0.78  -0.32% 2.12%

DAk 5 1 G B 1 20 55 D 0 A B 3 4 AR
R HEPR SN E Y )RR RS AT [l F 07 1 AF AE B
EVER EERYSOE L LR EES . BRIEH
WAE AR 3 AR b R R A RS AT T BR 25 e
(89.29 +2.09)% . (88.20 +3.00)% . (87.06 =
2.63) % B 5RAE Wl 5 B AE 3 PR Lo BE T RS AT
W R Rk (93.22 £ 2.30)% . (92.13 =
2.92)% . (91.23 £0.56) % ., A 5% F5 By 3% %%
HoPBRHE R R ERAERESNEAT
4.40% 4.46% 4.79% . 55T Bi% L B AR 3 P
v BE T P 3 - BEAR B R a Bil (24013 =+
1.47)% (23.93 +1.58)% . (23.10 +1.51)% , [
BRAE 1T 8 AR 3 Fh R B R 7 1 - e g
A (22.94 £ 1.44)% , (22.69 = 1.52)% .
(22.30 £2.34) % ,AH LU J5 35 F5 By 4 4 B, By 5% 2 [l
WREE LIRS R AR T 4.93% .5.18% |
3.46% . JRE S BT E A 3 FE L T BT 1
M T RE 4> B (13.03 £ 0.85) kW, (12.54 =+
0.60) kW, (11.23 £0.93) kW, [j 5% 25 [0l 47 2% 8 75 3
PR 3 B2 B - 342 & AR 4 B O (12011 «
0.75)kW . (11.86 £0.61) kW, (10.63 £0.33)kW,
Bij 5% 4 1]l % B S B AR S N BEAR T 7.06% |
5.42% \5.34% ., R B AR 3 R R L
B P YRS A I A 4 5 Ry (6.24 £ 0.67)%
(6.98 +0.74% ) . (8.21 +0.45) % , B 5% 75 1] 47 2%

BEAE 3 PR B BT 0T 34 RS A 1A R 500k
(4.35 + 0.67)% . (5.12 = 0.54% ), (5.90 =
1.98) % , 5 5% - [l o7 2% 5 A FF [0 45 %6 20 ) RIS T
30.29% 26.65% .28. 13% , 5 4% #% Bf 3% % B 16 3
FiAE L 2 B2 T 1 RS ¥ 50 B 43 i o (90. 14 =+
1.40)% (89.14 £0.97)% . (90.54 +1.21)% , [jj
BRAE IR0 256 AR 3 R VR B B T A B A 2450 B 43 i)
$7(90.07 £0.67)% . (90.11 £2.13)% . (90.24 +
1.75) % , J5UT% R B 3% %6 B 5 B 5% 4 005 56 8 e
RS Lo E 2R
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(1) BT —Fp i T 42 6 b XML R K S5 7E b
B D HE R (14 km/h) A 3 BbVE L 9 B 5% 2E 0] 4
R . R S EU R AT s N R
5, 5 R R E RS T S ORI S EGE R
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(2) i i3 3 F EDEM — ADAMS XA {5 B (1) . [4
LK R Il TE 32 e 5 it 21 4 g, A5 31
RERP R E RN Z B S8 &
VAR B 35 mm  JIAR K B 54 mm fT R B
HUOBE 58 mm VL BE BE 14. 4 km/h L Kz T] il 7
540 r/min, IR RN 91 11% , +IEER SR N
21.03% , >4 1t Y F& Ky 9.35 kW, 5 FF [l 47 2 h
4.85% |,

(3) MM R B 7R RS Tt A £ PR 50 mm |
VENVE B 14. 4 km/h  J] 3% 3% 540 v/min VBV 5%
T Pk 5 035 B B B 5 B RS R O (91.23 =
0.56)% .+ SR N (22.63 £2.34)% 471
FEM (10.63 +0.33) kW f5 FF [ 47 % K (5. 90 =+
1.98) % o Xf ik 56 45 2 W, AL J5 19 78 #5 B 34
e H N LR E R By M R B RS AT I A R BEAL T
28. 13% ¥ R BT H AR BER O oK i b A /D BF
b A R LA R $2 42 %

& % x

(1] X055, 3k KA Rz ik, 45 FE AT 30 W BOR BT S i R e [ T]. /9 2% 3K ,2012(2) + 18 - 23.

Liu Fang, Zhang Changsheng, Chen Aiwu, et al. Research and application progress of straw returning technology[ J]. Crops,

2012(2) : 18 —=23. (in Chinese)

(2] BESC, BREESE, 558, 4% T 79 9 DO R BV S5 A AT 3 T 5 5O 28/ 22 i R i 2 i [0 b I A 25 Rl 2 417, 2017

25(2) :180 - 187.

Yin Wen, Chen Guiping, Chai Qiang, et al. Effects of different tillage and straw returning methods on spring wheat emergence
and vyield in Hexi Irrigation District[ J]. Chinese Journal of Eco-Agriculture, 2017, 25(2): 180 —187. (in Chinese)
(3] JBSC, BRAEF, 088, 45 /N ARG AT 0 X R 22 £ 0K T B AR 2 5™ B8 i R #2 R0 [ ] o [ AR A ROl 2 4 (v 3

) ,2020,28(8) ;1210 — 1218.

Yin Wen, Chen Guiping, Guo Yao, et al. Regulatory effects of spring wheat straw returning on dry matter accumulation and

yield formation of subsequent maize[ J]. Chinese Journal of Eco-Agriculture (Chinese & English Edition), 2020, 28(8) : 1210 -



21 1) Wri i 45 . e O B3 i BIL Y7 22 2 [0l 3 G 7 38 5 S T 5 A e 215

[4]

[7]

(8]

[9]

[10]

[12]

[13]

[16]

[17]

[18]

1218. (in Chinese)
KRG =M INER S FEFFIE B 5 HERE X 1] i A 98 B R K R ML B s [T ] b AR A ARl = 4, 2017,
25(7) :1025 - 1033.
Zhu Min, Shi Yunxiang, Sun Zhiyou, et al. Effects of straw returning and rotary tillage on soil physical properties and maize
mechanical seeding quality in Central Sichuan[J]. Chinese Journal of Eco-Agriculture, 2017, 25 (7). 1025 - 1033. (in
Chinese)
Jost e 35, A RSO, PR AT R, A5 KRR AN SRR R 2 FE A RS AT AL S M B AR S BB AR HLAE R [ 1], ARl TR AR 4R, 2016,
32(20) :15 -23.
Gu Fengwei, Hu Zhichao, Chen Youqing, et al. Development of no-tillage peanut seeder with full straw mulching in wheat
stubble fields under the concept of “clean area sowing” [ J]. Transactions of the CSAE, 2016, 32(20) ; 15 —23. (in Chinese)
R, ERE B M. A 335 HORTE RS AT i -5 B 3% Fh I3 7Rk 9 R SR (1] 4k T2/ ,2019,9(10) 13 -
17.
Shen Mengwei, Wang Suzhen, Qian Shengyue. Development status of automatic control technology in the combined operation of
straw returning and no-tillage seeding[ J]. Agricultural Engineering, 2019, 9(10) : 13 = 17. (in Chinese)
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.
Gould N S,Peake D, Dalgliesh N P, et al. No-tillage planters for heavy-textured Alfisols in the semi-arid tropics of Australia[ J].
Australian Journal of Experimental Agriculture,1996, 36(8) :957 —970.
FEA T RAPAL BRBE, 55 R R B RE AL T S A A R AR 3 B B S (1] R0k T2 2% 2 ,2017,33(24)
10 - 17.
Wang Weiwei, Zhu Cunxi, Chen Liqing, et al. Design and experiment of active straw displacement anti-blocking device for
maize no-tillage seeder[ J]. Transactions of the CSAE, 2017, 33(24): 10 —=17. (in Chinese)
BOEAE, R MEVE TR REL, L AR ALY P e 2 A X A R R S IR [T Al B A iz ,2020,51(5) -
67 —178.
Huang Yuxiang, Gao Pengyang, Zhang Qingkai, et al. Design and experiment of the combined straw-soil separation device for
no-tillage seeder with stubble cutting function[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020,
51(5): 67 —=78. (in Chinese)
R AT R L, A5 ./ S BB A BIL 2% i AT I 0 3 A B 3 SRS [T ] A AL A% 4R ,2020,51 (12) 124 - 34.
Zhao Hongbo, He Jin, Zheng Zhiqi, et al. Research on the strip-shaped side-throwing straw-cleaning and anti-blocking device
of the less-tillage and no-tillage seeder[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(12)
24 -34. (in Chinese)
WhitE o, 45 55, st T 08, 46 EOKRE AR SR 7RO 1] 9 11 3 Iy 2 A A 5y 530 [T ] A HLAR 2% 41 ,2018,49(5) :76 - 83.
Chen Haitao, Li Ang, Shi Naiyu, et al. Establishment and experiment of the dynamic model for lateral throwing of corn straw
residue[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(5) : 76 —83. (in Chinese)
Whie ¥ A3 4% S ER L 45 R 28 K R FE b e A 3 A UL BT 36 4 B i i H S 0L B [ 1] R0l MLBE 3= 42,2018 ,49(8) :59 -
67.
Chen Haitao, Hou Lei, Hou Shouyin, et al. Design and optimization test of the anti-blocking device of the no-tillage seeder for
corn on large ridges in the original stubble field[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018,
49(8): 59 -67. (in Chinese)
Wang Hanyang, Chen Haitao, Ji Wenyi. Design and experiment of straw cleaning and covering device of no-tillage seeder in
wheat stubble field[ J]. Transactions of the CSAE, 2012, 28(S2): 7 - 12.
EDFE PR, 42 5C L. 2BMF] — 3 B2 72 b S pE RS R LB 36 e B [T ] AR ALK 24 4k ,2013 ,44(4) 64 - 70.
Wang Hanyang, Chen Haitao, Ji Wenyi. Anti-blocking device of 2BMF]J — 3 no-tillage precision seeder in wheat stubble field
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(4): 64 —70. (in Chinese)
WK AR R R, S G AN R AT 2B S AT A R R S [T ] Ok ML A i ,2021,52(9) 162 - 69.
Hu Fei, Guo Dong, Chen Cairong, et al. Design and experiment of a double-row vegetable planting device on the film with a
compound crank-rocker mechanism [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52 (9) .
62 - 69. (in Chinese)
L KR, SO A TRILE S B AR FE AT HLAY G2 3 S5 42 iR Ak [T ] LR 11 ,2020,37(5) 163 - 67.
Feng Liyan, Geng Hao, Wang Wenhua, et al. Optimization of the motion and force transmission performance of a crankrocker
mechanism with reproduced motion law[ J]. Journal of Machine Design, 2020, 37(5) : 63 —=67. (in Chinese)
Whie ¥ I 2, R, A5 K 07 il vy AR L 0 1) 3 22 0T 50 506 [ 7). ROl AL 2 42, 2025,56 (4) : 163 - 173,
201.
Chen Haitao, Lu Yuandong, Wang Xing, et al. Design and experiment of lateral stubble-clearing knife for high-speed
operation in corn stubble field[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4): 163 - 173,
201. (in Chinese)



216 YA AT A 2026 4

[19]  BOBEL, XN A5 8, 45 B KA I8 B 38 52040 B IR 7 R 1T 5 s AT 500 T ] Al AL B 2% 4], 2021,52(3) =75 -
87.
Zhao Shuhong, Liu Hanpeng, Yang Chao, et al. Design and discrete element simulation of an interactive stratified subsoiling
shovel for corn straw returning[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(3). 75 - 87.
(in Chinese)

[20] GBXBLZL, XIS, ¥2 BT, 55 SR HARSR U UK FETT it i [ 1] A LA 2 i ,2025,56 (4) : 151 - 162.
Zhao Shuhong, Zhao Guopeng, Leng Mingxin, et al. Design and experiment of sawtooth stubble-breaking knife interacting with
subsoiler[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4): 151 —=162. (in Chinese)

[21] Momozu M, Oida A, Yamazaki M, et al. Simulation of a soil loosening process by means of the modified distinct element
method[ J]. Journal of Terramechanics, 2002, 39(4) . 207 - 220.

[22] CRIFISSROKEL, £5 5. Kas B R HLAE XS FR 20l &8 30 50 [T ] 4l ML A% 412, 2024 ,55(9) : 116 - 128,
261.
Song Jingling, Zhang Yongzheng, Wang Zhuo, et al. Design and experiment of asymmetric planter for garlic upright planting
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2024, 55(9) . 116 —128,261. (in Chinese)

(23] J7mHo€,Z& 4, X 38, 5. ST EDEM — ADAMS #8419 42 48 WL 30 B 9% 97 5 aw 4» i [ 7] 5ok .42 ,2024,56 (12) : 176 -
184.
Wan Lirong, Qin Wei, Liu Wenting, et al. Fatigue life analysis of the boom of an excavator based on the coupling of EDEM
and ADAMS[J]. Coal Engineering, 2024, 56(12) : 176 — 184. (in Chinese)

[24] ER KA, % REGIERS IR E YT & UM R 2 F 3t 5 [T]. ROk B % 4 ,2025,56 (4) : 174 -
185,240.
Wang Xing, Zhang Ying, Fu Chuang, et al. Design and test of matched fold-type seedbed preparation device for large-scale
no-tillage precision seeder[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2025, 56(4) . 174 - 185,240.
(in Chinese)

[25] Wi o , BOSMG , 95 SO, 55 A0 300K 28 J507E 3 A R B 4 20 B Bt 5l [T ] RO WL 24 41 ,2021,52(10) =51 - 60,

73.

Chen Haitao, Wei Zhipeng, Su Wenhai, et al. Design and test of front-mounted seedbed preparation device for large ridge in
original stubble field[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021, 52(10): 51 - 60,73. (in
Chinese)

(#5168 T7)

[28]

[29]

[30]

[31]

[32]

[33]

[34]

WRTE B , 5 LA, DR P, 45 A AT X AR ) A% 05 5 1 5 ma B AR A ALHI B e sk R (1] /E# T 5T ,2018,32(6) : 535 -
540.

Chen Lijuan, Zhou Jiheng, Chen Gui, et al. Research progress of influence and mechanism of field straw residue incorporation
on soil-borne diseases in crops[J]. Crop Research, 2018, 32(6): 535 —540. (in Chinese)

HOHE, ST B, A KRS AT A T X R A T S A R R SR [T ] AR AL KRR,
2026,47(2) : 284 -297.

Zhang Yaping, Wu Mengyu, Zhou Changmin, et al. Effect of long-term straw return on the community diversity of bacterial
diseases in paddy soil of southern China[ J]. Journal of South China Agricultural University, 2026, 47(2) : 284 —=297. (in
Chinese)

Zandi-sohani N, Keena A M, Gallagher R M, et al. Heat treatments to kill eggs of two invasive forest insects: Lycorma
delicatula (Hemiptera: Fulgoridae) and Lymantria dispar ( Lepidoptera: Erebidae) [ J]. Journal of Economic Entomology,
2025, 118(2): 614 - 624.

Ben-ialli A, Méot J] M, Bohuon P, et al. Survival kinetics of Ephestia kuehniella eggs during 46 ~75°C heat treatment[ ] ].
Journal of Stored Products Research, 2009, 45(3) . 206 - 211.

FEAPSREH s, 8RS AR I R AR A T A M S ALEI BT ST ] AL TS ,2023,36(4) 47 - 53.
Wang Hechenyang, Gao Zhongliang, Cao Yufei, et al. Response mechanism of forest fire combustion products affecting plant
seed germination| J]. World Forestry Research, 2023, 36(4) : 47 —=53. (in Chinese)

Siddiqui A O, Jabran K. Weed tolerance and suppressive ability of potato cultivars to natural weed infestations[ J]. Journal of
Crop Health, 2025, 77(1) . 47.

Baumann D, Bastiaans L, Kropff M J. Competition and crop performance in a leek-celery intercropping system[J]. Crop

Science, 2001, 41(3) ;. 764 -774.



