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Design and Test of Rapeseed Seed Bed Preparation Device Combined
with Parallel Plow Group Turnbuckle and Rotary Tillage

LIAO Qingxi'? ZHANG Jigin'®> ZHANG Qingsong'> DU Wenbin'? LIN Jianxin'>  WANG Lizong'*
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Minisiry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract.: Considering the problems of soil in mid-lower reaches of the Yangize River is sticky and the
amount of straw is large, the utilization of conventional rotary tillage rapeseed direct-seeding machines
often leads to the plough layer is shallow and the straw coverage rate is low, the longitudinal size of the
existing combination of plowing and rotary tillage rapeseed seeder is generally larger, the rapeseed direct-
seeding agronomic requirement and the requirement were combined to build reliable plough layer, a
parallel mounted buckling plough group was designed, a combined tillage operation scheme of “disc plow
blade cutting and pressing stubble, parallel plow group turning over soil and burying stubble, the rotary
tiller knife roll breaks up the clod and equalizes the soil” was proposed. The plough surface of the
buckling plough was designed by using the method of straight ruled surface, the parametric analytical
equation of plough surface was established, a simulation model for the interaction between tillage tool,
soil, and straw was established based on the discrete element method, and the quadratic orthogonal
rotation test was carried out to analyze the buckling performance of the buckling plough by using EDEM
software. The simulation results showed that when the deflection angle § was 12° and the change value Af
was 11° the buckling effect of the plough body was the best. Field experiments showed that the average
soil buckling rate was 91. 3% when the tilling depth was 230 mm and the forward velocity was 5. 15 km/h,
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and the buckling plough had a good stubble burying effect. The parallel buckling plough group had good
through performance under high crop straw conditions, with an average straw coverage rate of over
82.5% , an average tillage depth of over 218. 6 mm, and a stability coefficient of over 90. 2% for tillage
depth. Field comparison experiment showed that under the condition of average stubble height of 513 mm
after rice harvest, the average depth of rapeseed seed bed preparation device combined with parallel plow
group turnbuckle and rotary tillage was 229. 7 mm, the straw coverage rate was 87. 5% , the soil breaking
rate was 89. 7% , and the planter bed surface flatness was 31. 8 mm, compared with the operation effect
of conventional rotary tillage, the average ploughing depth was increased by 90. 9 mm, the straw coverage
rate and soil breaking rate were increased by 7.2 percentage points and 6.5 percentage points,
respectively, and the operation quality met the requirements of rapeseed direct-seeding, and met the
requirements of reasonable cultivation layer construction of rapeseed seed bed of “deep turning and
stubble burying, upper looseness and lower tightness”.

Key words: rapeseed; seed bed preparation device; plow surface; parallel buckling plough group;

plowing and rotary tilling
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Tab.2 Contact parameters of model
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A B R R 0.282
RIS R AL 0.5
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Tab.3 Experimental factors codes
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T 6/ (°) JCER 21 A6/ (°)
-1.414 0 7
-1 3.22 8.17
0 11 11
1 18.78 13.83
1.414 22 15
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Tab.4 Design and results of experiments

5 % )2 L
P s e/(°)  JTZMEE A6/ (°) B 1/ %

1 3.22 8. 17 65.3

2 18.78 8. 17 71.9

3 3.22 13.83 72.1

4 18.78 13.83 77.6

5 0 11 74.5

6 22 11 82.1

7 11 7 61.9

8 11 15 69.9

9 11 11 91.5

10 11 11 90.9

11 11 11 91.8

12 11 11 91.3

13 11 11 91.4

14 11 11 91.0

15 11 11 91.7

16 11 11 91.8

x5 HEHW
Tab.5 Variance analysis

E3 ForM AmE HI5 F P
H 1812.82 5 362.56  2367.19 <0.0001*
0 65.48 1 65.48 427.54  <0.0001 "
Ao 71.12 1 71.12 464.38  <0.0001 ™"
0A6 0.28 1 1.51 1.83 0.2055
0 345.18 1 345.18 2312.44 <0.0001*
A%g 1321.75 1 1321.75 8629.74 <0.0001 "
2= 1.53 10 0.15
S 1 814.35 15

T e ORI (P <0.01) . T,

3.3.3 WKEs R
T FRAREM T & BRI AEA A, DLtk
RANRSOCR AL B bR, AL W 5% /1 6 FIOCL f 22
1B A6 K78 i, T ZERAR AL, H b5 ek BRI 2
WA N
max r(0,A0)
91.7% <r<100%
3.22°<0<18.78°
8.17°<Af<13.83°
W BRI 15 B AR S B & BRI
A6 h 12.65° JUL A 2E(H A0 R 11. 32°1T, i 25
AT IR R 91.90% 254 52 b T 4 1,
ERZTEBEZE R 91.7% ~91.90% 2 [ & Bt A2
ML A 152 m A% 6 S 12° JCZff 2518
A6 H11°,

4 HIEKE

41 KBRTHREEHF
FET T 4 56 o 19 P Bl 2 B A K R g A A AT, 2

(17)

P 265 B, L AT SR RS — i 56 1 B R oA, R ) 4 0

A B A WCR LR 5 A0 S 1 42 08 R Bi7 7

FOROFAE T HL R L, R R K E R 90 ~ 110 mm, 37 7

5 BE R 500 ~ 700 mm, A T S 8002 6 fixs .
£6 RBRIRSH

Tab.6 Test conditions parameters

1% FE#F
T fk WS/ BRE/ BrES RR/S Sk
/% kPa  (g-em™®) JE/mm (kg-m?) %
1 32.9  1279.8 1.13 564 3.3 34.6
2 27.5  1864.2 1.27 682 3.9 26.5
3 37.8  928.4 0.96 513 3.5 38.8

£ 3h ) b R 7 40— 1X954 Al Hi bl ik
B e A4 AL FE : BK — 5 B[R A% B A% | o HE I S
ASC B RUR R SRR 35 T 45
4.2 RK®WHE
4.2.1 AERALEFAT R AR R

T SR B A A A 0RO I AT R
ALY AL M B, BT B AL B B AL AR L S 8, T
2022 4 10—12 F 7E WAL 44 300 JH i s A1) B AR el
RAFRE MR AR R FRPUAL A= 7™ 71 Y8 5 o TT i T 7] 1
%, BEERSATSHcmE 6 s AL 1 MO 2 Fioi .

JARBEN R AL S8R A A IR TN
R FE o T J A Ml B A Ml TR R X AR B A
FRFCR ) — R = ACF IE iR, g K &R
KR T Fron. B AE AR R fR L R A
3.96 ~7.2 km/h 45 BL I BEAE Bd ™ 2 R D7
ZLAG R AL PR IR U A5 ) M HUZR J7 41 954 R 4
PUE I 44 (4. 15 km/h) ARV $4 (6. 68 km/h) FiHr 1
PH(S. 15 km/h) Al 33 B2 A g 186 K- B AL
1 RF N T B R (RGeS s N S R A (AR DB
FATIER AL ML BRIEAE DI A | = RE
£ WA N R S TR VRS Y ARG 11T B UK -4 IS e
IR PRV 38 5 A5 5 | [R] I 9 B BR VR A8 T A2k 2
1) PRy ey JB2 A 4 o A ol A% 3 AR Ml o A8 v [ AR 2
40 m KAy DI AT Bl I, A R AT 3 K

x7 RBEEERKE
Tab.7 Experimental factors and levels

LSS

r EMLIRBE h/mm AR 3 V/(km-h ')
1 210 4.15
2 230 5.15
3 250 6.68

U8 LA B RN 1 42 51 BH A o fn AL AL
PEREVEH 16 b, 08 BOBF 5 = B B 5%/ KT 90° 9 &=
NN, 2% GB/T 14225—2008( #E U AL) ALk
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BRI AN RN 8 Fron , Tr 22 M inEk 9 Fron o MRAE T 220y
b 100% (18) Pl 4%, h FV X0t AR ) L RIE B

Ly WAWRFELW ., 25V —ER, h BRI EAR %5

A R, % BEL T3 B A, 10 £ 3R S 18 R i I, b BN 1] 3 7% 1
L—— N BRI, mm M/ 2 h — g I VR BT SR B G B A

Ly— M 4 X34 i, mm

iz ] BK =5 AU ) A Jde , I a4 R AL
A2 5 BH 7 5 0 B0 40 e 1 B ] 055 AL RE [R) A9 98
B BOFBIEAE R+ s B IR .

N 56 UE - A7 0 B AL AL b RE R £ 0B
RO EAE T00 2 FetE Hh rp T R TP ATdn e 4 H )ik
%, 2% GB/T 14225—2008  #e =0 AL ) rh (1 1 56 Ty
2,3 5 1 PR RS = R RLAL 0 RN B
AT TR A Al R R B R R N R AL R
Pl 550, IR R A ol IX I 4m 68 AU BRI BF o L B
TRFeE M R A B T R M R ORI

AT F B LA S R R R S R Ak
FrNsE 32 FA— 4~ S0 B 1E D7 TR HE , Bt AL 22 Uk A
ﬂé%#ﬁuﬂl%#f:imi% e £ AIE P9 JIT A5 S AT RLVR 5T i
4 O Y5 AR A B R B IS b e RS R R
AT A A h

Mo T 100%

Lo FEFFHEE R, %
m,——H T b A FF T & kg
m, —— Bk 5 Hb F A AT A ke

4.2.2  EEHLH R 56 E R 56 BT

Sk S0 IE P47 AL A B A0 B 4 A T SR R
AR E VR P RE, T 2023 4F 10 A ARkl K
2 PUARC AR A 27 35X 50 JE b R A b R T R T H [R] 55 IR
R, LB SH ML R TH 3 in, &%
GB/T 5668—2017 { Jig #f #HL) Al NY/T 2709—2015
CIM SRR AR ALYE M 5 i) w186 3k, 3 ok 919
P AL A 1 T A0 o 4 o AL A b T 3 RN AL R IR
RURALAE . ZHOH R, BERF ) 585340 240 o/ min, gk
TREE N 150 mm LAV ELAAE L, BOT ] 40 m 4 £
S DN DX, 6P LAl o o A 700 it B A A 3
Wo RIGHEAR A BEHUBFER AR B 2R If T2
JE BT S5 500 0 P ABAE R S PP R A

B 38 E AR AL A A SO AL e 4 A =X T 3 AR
BLIEAT X HE A 56, b 45 TR) — T 3% L A1 56 %
T P VRl B e B 0 R A e B R — 3
SN Ty i
4.3 AKBWERE5HWH
4.3.1 AL 5P B R el 0

FIEE AL ]V P AR IR B RO WK 14 FTR | 45

(19)

r, =

I BE gt B 2z 38 i, LA B0 ) 35 A% B B R 7 G
SRR AR R, O T AR B A AL R i 1 AR
FARAE 5 | BHL Ty, 3645 b 2 230 mm, V 24 5. 15 km/h , {E
o B B LB AT S8 A, MR R OR R
91.3% ,Z 8| Sk 7. 9 kN, + £/l 1] 15 B V-1 I 85
A 458. 8 mm,

14 R i) 6 OR
Fig. 14 Field test results of buckling plough
*8 MEEHBRBRARSER

Tab.8 Design and results of experiments

X W% MR, FELIHEN, +HEIER
FS h/mm V/(km-h™') % kN PE B/ mm
1 210 4.15 82.7 5.2 458.7
2 210 5.15 85.6 6.8 469.2
3 210 6.68 86. 3 8.1 483.6
4 230 4.15 87.7 6.6 448.7
5 230 5.15 91.3 7.9 458.8
6 230 6. 68 93.5 9.4 473.3
7 250 4.15 84.9 7.6 440.9
8 250 5.15 88. 4 9.3 451.3
9 250 6. 68 90. 8 10. 8 469. 1
9 MERHEKEFESWT
Tab.9 Variance analysis

febr SRIE FOAM HE U7 F P
h 15. 04 1 15.04  94.94  0.0023*
Vo 39.01 1 39.01 246.27  0.000 6 **
R
52 41.46 6 6.91
M 95.51 8
h 9.63 1 9.63  653.89 0.0001**
#5] 4 13.2 1 13.2 896.76 <0.0001**
BH 1 ®¥E0.07 6 0.01
M 22,90 8
L 420.01 1 120.01 511.8  0.0002*
+#iE vV 1006.21 1 1006.21 1226.12 <0.0001*
i k% 25.85 6 4.31
M 1452.07 8

YA o AE RS AT M TP A B 1R 1R
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W

e IR RO & 15 R, e g5 Rk 10 FTR .
R R HE 58 394.5 ~ 412. 6 mm, F- Pk 55 F2
EMERBGEH 85.8% ik /£ 7] 400 mm A HE
VEME s IR AL 3 R AP0 s SRR EUR B S &
A AT OF 35 2 B %GR B 82.5% , - ¥ B IR ik #
218. 6 mm, BFRFR 2 M R EA ) 90. 2% |, i 2 i R
A B R A HE I BB R

F1S A7 nte AL I a3l g Ak R
Fig. 15 Field test results of parallel buckling plough group

10 TR2HEMEREER
Tab.10 Performance test results for working

condition 2

R PR, HFtoe FEH BrRRE REAFEE
P mm R/ %  W/mm WRB/% /%
1 403.3 89. 4 228.9 93.4 84.7
2 412.6 85.8 236.7 92.1 85.3
3 3045 88.7 218.6 90.2 82.5
4.3.2  EEHLH )RR I 5 X L g

AT AL T 5 B 2 A 2 S AR ) A
FE ()L 3 SR A P 16 7 o AR 6 &4 SR ml a4
ML 88 h 229.7 mm, F5 FF 3 8 R 5 T
87.5% W+ %k 89. 7% , JFi Ifi F- 4 i 7 31. 8 mm,
JFETET O A A VSR ELAR A R R K, iR A R R
B, P47 406 AL R R % A 50HRH S B b i s 2R
FEAITE B, HBE 5 e AR B LA S0 B0 B LS ) A
5+ 50R A IR A1 %, &% i 200 mm DL -
JERE AR 2 AF A IR B, LR R
TR & BEAF R M @ 25K

(a) #rpTHEFE

16 AL H )5 iR

Fig. 16  Field test results of whole machine

P [F0) 5% B 3k 60 25 5% ¢ B A6 AT g 2 S FF AN 77
() T T AR B %8 e B L2 R B 4R, TEvk 7R
4352 PR A TR FE AN VR R (0 HERT RO & R %
SO 5 AT AL B A0 5 e Bk A G 2 S R il
£ %6 BB NG 8 1 AT 0 B AL AL b e R FE RN T R g
11900 LR F T, P 2 Bk T 4R 4
J W B R U e DX RS A 2 AT R RIR A, ORI &
Jo b 1R 38 ERE AL, BB IS K 90. 9 mm , # FF
AT AR FGE 00055 7.2 D E 6.5
GF R

5 #ig

(1) hy fift ey 52 B 46 AL R FH 385 36 e Bk B 2 30
P R B R K R AT 387 32410, R FH AT AL E — IR ML
AR R B T T — A T AL AT
SR A R ) 20 B, OF AR R T AL A B A0 S E AR A
A 2T SR AL IR ] 2% 26 B, — WA b T 52 30 A A A
FEURIE T WA e B A = R0 b DR - 6 55 T )%

(2) R H B ik a7 Fi a8 AL AL i T ) f
MrZ 8o &, #oe 7 BIKIE 3 m i 222k R R
300 mm BLAELE A A B Ry 45° RLHEETE B R 424 mm;
W TP AT IR T FE &AL ]2 270 mm F1EE
LA B BE A 500 mm s B 5 T €A e B A0 A7 T R
HERE T 11 T245 RUAS 25 T) i oy 34 8 W46 A
HAEEN6°,

(3) g7 T 3 F B 8t 7 ik B BEVE SR 1 — 1 19—
FEFFAH T AE 5 AR AL, 5L T EDEM 84 HF e 17—
UIE S e e B0, 0 B T AL N a8, o T I %
1 0 5Lk M 2E1H A0 435 120 11°,

(4) HTa 5 2R B - SRR Ry 230 mm R b 3 B
9 5. 15 km/h B AR RDE IR R K 91.3% , F K
T (R B RE R 5 AT B B2 A v E K R RS AF T
A B P R RS T 82.5%
BRI T 218.6 mm, HER R 2 R ECE T
90. 2% ;~F-17 AL 20 B 40 5 e B 4 G =X S A OR il £
BE O Y HEIR N 229.7 mm, F5 AR R & T
87.5% Wi+ 2N 89.7% , Jf i V- 4% & 4 31. 8 mm),
AH B35 38 B AL, F BRI K 90. 9 mm , AT HE
BRI R0 08 m 7.2 M EH M 6.5 N H 4
R R BT S R T SRR R OR A A T R R B
W, BT ETRIRG PR K,

z £ x
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