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Surface Optimization and Experiment on Ditch Plow of Direct Rapeseed Seeder

Zhang Qingsong Liao Qingxi Ji Wenfeng Liu Hongbo Zhou Yang Xiao Wenli
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract; In order to reduce the traction resistance of ditch plow system and analyze the influence of
operating speed on ditch plow system, the parameters of plow surface and operating speed were studied.
The EDEM model of soil-plow simulation was established. The experiment was made with traction
resistance as target and plow blade angle, opening of guiding curves, starting angle of straight-line
elements, maximal angle of straight-line elements and operating speed as factors. The simulation results
showed that during the range of the experiment, traction resistance decreased when plow blade angle
increased while it increased when opening of guiding curves, starting angle of straight-line elements,
maximal angle of straight-line elements increased, respectively. Traction resistance increased rapidly
when operating speed increased. When operating speed ranged from 1.0 m/s to 2.0 m/s, traction
resistance and power consumption became 1.98 times and 3.97 times bigger, respectively. The
simulation optimization results indicated that under certain working conditions, when the values of plow
blade angle, opening of guiding curves, starting angle of straight-line elements, maximal angle of
straight-line elements were 15°, 190 mm, 35° and 40° respectively, the minimal value of traction

resistance was 241. 11 N, 11.26% less than before. In order to observe the field working performance of

Wk H . 2014 =04 —17 (&[] H # . 2014 — 05 —24

* B 5 A IRBEF R A W B (51275197 ,51105161) 47 [ G BHE S £ 1H8 ¥ By 35 H (20013BADO8B02 ) | [ 5 il 3 7= b £ A 1 &
LI H (CARS — 13) | v gt & 4 3 A% BE B Ak 45 2% 9% B 300 H (2014PY033 ) 1 X B0 17 & 87 £ A 7= o B H 6 57 B3t |
(2014070504020240)

EHERE A RN, WA, FEAGER B SRS, E-mail: gxzqs2011@ webmail. hza. edu. cn

BIREE: BIKE, 808, LA B0, B2 NGO E 7= B R 53 45 5%, E-mail: liaogx@ mail. hzau. edu. cn



54 & A Bl B ¥ i

2015 4

optimized plow, the plow were printed by 3D printers and manufactured in the factory, and contrastive

experiment was carried out. The results showed that compared with the former, the number of large soil

block was smaller and the quality of residual soil was 62.87% less at the bottom of ditch, and the

T-shape of ditch was more obviously. The research conclusions could provide reference for the future

optimization of ditch plow system and operating study of actual field working speed.

Key words: Direct rape seeder
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Fig. 1 Installation schematic map of ditch plow

system by direct seeder
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Tab.1 EDEM main simulation parameters
Z KR Tk ZH Bl
B p/(kgem ™) 2600
S B YKL G/Pa 2.5 x 10’
AL HEL/N =AY 0.5
WKL 4% r/mm 2
B p'/(kgem ™) 7 800
LR R Pk Y G'/Pa 7.0x10"
NER /N =A% 0.3
UKL 55 UL 0 EE 4 R B ey 0.4
WAL 5 HURE B B 45 RV 0.35
UKL 5 ALl i K 2 PR e 0.12
LA UL 5 A 0.3
R 55 AL (A 2l PR 5 R B s 0.25
UKL 55 AL AR Rl Ak L REE e, 0.2
N g/ (mes™?) 9.81
FLEPHR b/mm 180
HbzH
BRBFE o/ mm 170
WORLECH N/AS 430 000
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2.2.1 %5

B AIE BRI A S B T R B A O
LAY A R AT X e o BOELRE DL B A A B
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B9800 170 mm 3855 7 58 S 25 R A0SR 2 o .
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Tab.2 Validation experiment and results

R RBKTEE BRI FEERE E2% T4
G5 o/(mes™') F,/N F,/N /N /%

1 0.2 179. 49 188. 44 8.95 4.99
2 0.3 194. 33 207. 67 13.34 6.86
3 0.4 200. 35 223.05 22.70 11.33
4 0.5 256.78 252.34 -4.44 -1.73
5 0.6 260. 00 271.71 11.71  4.50
6 0.7 280. 15 287. 81 7.66 2.74
7 0.8 307. 04 310.78 3.74  1.22
8 0.9 316. 15 325.04 8.89 2.81
9 1.0 331.97 351.31 19.34 5.83
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Wk T Ak 1 ik ﬁﬁﬁifﬁﬁ%‘ii@ , R IG féﬁi LA &L1+ Tab.4 Design and results of experiments
THESEOFRITEES) . MAKHETIL R, 7  W0% fEK 6k REE
I »e ) 1 > »3 NASR! = - 52 o/ i
BB A, LB AL BF 53 % B B R _EiR KR weh RXR PO
180 mm Je #F 5 24y 170 mm , DLAS [6] (9 75 b 2 J32 JF Jie 5 . . . . 259:16
15 B 5 3 1 -1 1 -1 264. 16
3 RBEEAFHD ) : o - b e
. 5 -1 1 1 -1 269. 89
Tab.3 Experimental values and coded levels
— — 6 -1 1 -1 1 280. 08
- HeTTE + Tl £k HIL HotZk 7 -1 -1 1 1 271. 77
fA/(°)  JFEEB/mm @G C/(°) HKM D/(°) 3 -1 -1 1 1 258. 82
-1.68 15 190 35 40 9 ~1.68 0 0 0 279. 95
-1 17 194 37 44 10 1.68 0 0 0 262. 64
0 20 200 40 50 11 0 ~1.68 0 0 261. 14
! 23 206 43 56 12 0 1. 68 0 0 275.32
1. 68 25 210 45 60 13 0 0 -1.68 0 268.33
14 0 0 1.68 0 276. 59
3.3 {eHELE 15 0 0 0 Z1.68  265.64
BT AR TE T 4 3 A S JF EDEM {7 AR Y 16 0 0 0 .68  272.13
AL R BOBFSEAS R B SO, PSR T 0 0 0 0 e
e N 2 18 0 0 0 0 266. 26
T o B AL PRI, B B A 47 B4R A 0 A A o . . . X ve6. 26
#quzigﬁ,ﬁ1$ﬁﬂﬁ7§ﬁfﬁﬁ%%ﬂﬂ%4BTZT?;VE 20 0 0 0 0 266. 26
B B A5 R AR S iR o
x5 FULEEREREAREER
Tab.5 Simulation and experimental results of operating speed operation
Y5 1 2 3 4 5 6 7 8 9 10
}EF{/(m-s") 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
195 B AH /N 386. 04 409. 07 438. 30 467.29 501. 35 536. 06 572.56 607. 31 651.93 697. 31
3.4 EE|FEASN F6 BEEXNESIEAZWHAESW

X B T 2 Ry B 2 SR A o T
B, a6 o, [l I 2250 oy

¥ =268.06 —4.09a +3.05b +1.83¢ +3.02d -
2.63ab -2.00ad —2. 00bc +1. 0lcc —2.63cd  (2)
Arf a——HEITR + A i (E
b——" il LI B i 4 {E
e——ELUCER I F i S 1H

d——HIu &R R A S (H
R EVER T F =34.27,p <0.001, P& &
BOR® =0.976 3, 3 WY [a] 0700 ) 50k, A AR JEE AT
oy 6 AIARAL,A B C.D X AEGIH I BA &
FRW RN KREB/N G AB.D.Co 4 MR
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Tab.6 Variance analysis of each factor influence

to traction resistance

R CPHM HEE ¥y F P B
A 228.75 1 228.75 149.36 0.000 1 sk
B 126. 49 1 126.49  82.59 0.0003 sk
C 45. 69 1 45.69  29.84 0.0028 sk
D 124.25 1 124.25 81.12 0.0003 ok
AxA 4.59 1 4.59 2.99  0.1443
AxB 55.39 1 55.39  36.17 0.0018 sk
AxC 3.89 1 3.89 2.54  0.1719
AxD 32.00 1 32.00  20.89 0.0060 sk
BxB 5. 66 1 5.66 3.70  0.1124
BxC  32.00 1 32.00 20.89 0.0059 sk
BxD 3.89 1 3.89 2.54  0.1719
CxC 14.90 1 14.90  9.73  0.0263 *
CxD  55.39 1 55.39  36.17 0.0018 sk
DxD 2.01 1 2.01 1.31  0.3042
Ja] ) 734.90 14 52.49  34.27 0.00005 sk
5% 2% 7.66 5 1.53
eyl 742. 56 19

T e (p<0.01), = B3 (p<0.05),
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Tab.7 Parameters of plow
a B Ay : Efnﬁﬁ%ﬁﬁt _ _ %Hﬂéﬂ%’éﬁl : :
g% som /mm I A R/ PN HeI1R LEci=y)] =i 3 T EALE
0,/(°) 0./ (%) 0,/ (%)t e/(°) LIS w/(°) KK s/mm  FE A/mm JFE L/mm
ij A4 170 200 35 34 40 15 124 85 200 190
Jei A4 170 320 40 40 40 15 100 105 320 190

1 2 3 4
&5 ALk 3D FTED R
Fig.5 Plow surface manufacture by 3D printer
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Fig.6  Optimization structure of plow ahead and plow behind
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Tab.8 Field experiment results

A A e f A

RIS BRE O FRR 5 Bkt tHoR bR FRE 5 RS
/mm /mm Jmm R /mm B /mm /mm Jmm EEEE/mm B/

1 353.6 131.2 123.5 78.3 1532.3 404.9 195.2 120. 3 33.6 562. 1

2 365. 4 163. 8 117.5 72.1 1249.4 385. 1 144. 8 138. 1 46. 1 579. 4

3 211.7 112.7 104. 6 65.3 2068.5 364.9 133.8 108.3 32.4 641.6

4 311.8 111.6 10..3 65.2 1069. 6 395.2 135.6 107.6 45.3 437.3

5 285.5 174.3 83.1 59.6 1860.1 345.1 175. 4 98.1 23.5 668.5
S {E 305.6 138.8 106. 0 68. 10 1555.98 379. 1 156.9 114.5 36. 18 577.78




&1

TR RS G SRR HLIT I B T OIS 59

(1) #5721 EDEM B #Hou iy B i i+
R 0 30 T H 7 R AR £ T A 5 TR I, O g T AL
fh 10 2 K0 A 5, 25 SRR W] HE TR £ A T 2
TFEE CHOGEOR IR B B K AR A R A2 5 [
Ty HAT R RIS R Y, A2 51 BH ) B A )k
A 3G SR 0N T 3 B 2O B IR

(2) Fggt 7 ALK il 2 B A BE B AL 5
TN A 150, Sl ZIFEE Dy 190 mm, BTk
EUG AR 35°, Bt d KA ol 40° i, AL Z 51 FH
J18/N R 24111 N RA ER D 11.26%

(3) BLORAE Y B2 A B 45 3 B < B AR ol 2 3
AR BN, AT B A2 5 | B B e PR g 4K i v 3
Bl B AR BOE . B O AT b B2
1.0 m/s BEHE] 2.0 m/s, 225 BH 7 A 351. 31 N 411
F 697. 31 N, i # 19 1. 98 %, I HLHG i 5 2 i 1%
K e, B B #6 /9 2 2N 0.35 kW T i 3
1.39 kW, Sy HiT 5 19 3. 97 4% 5 & W1 380 8 X 22 5| BH g 5%
Wi JE 5 BT A Bl AR 3 B A AR T AR A 5 B M
REEER:ORZIE S 51 DI

(4) X5 AR SEAT 3D T BN Kk il n 1, JF:
TF e H () % a6, 25 2R 3R W00 Ak AL A1l s oy e
TR P LA/ 5k B 4 8 T ) 62.87 % L i
JE T, T BT

NP3 SR PNITR: NS

Transactions of the Chinese Society for Agricultural Machinery, 2014, 45(2) . 130 - 135. (in Chinese)

Soil & Tillage

Soil & Tillage Research,

2 £ x
1 WP, B, MIBAR 55, 2BFQ — 6 BU SRS & B ALA IR T]. A HL A=k, 2008, 39(10) : 211 -213.
2 RIS, POCE  BEPCE A Il SR E A PIL A 2 ek v T A o T 0 AT SR D RR PRI [T ] RO AL AR, 2014, 45(2) .
130 - 135.
Zhang Qingsong, Ji Wenfeng, Liao Qingxi, et al. Surface analysis and resistance characteristics experiment on ditch plow ahead of
rapeseed seeder[ J].
30 BIIRGEERE, TR, %, BARSHSEE TESERABITT]. Rk ,2013,44(8) .57 - 62.
Zhai Lixin, Ji Changying, Ding Qishuo, et al. Optimized design of plow body structural and working parameters[ J]. Transactions
of the Chinese Society for Agricultural Machinery, 2013, 44(8) : 57 -62. (in Chinese)
4 BRER L EEGE TS RFEFPRLGN AR AR v R EEOT T [T]. Rl AR, 2012,28(3) 144 - 49.
Qiu Baijing, Jiang Guowei, Yang Ning, et al. Discrete element method analysis of impact action between rice particles and impact-
board[ J]. Transactions of the CSAE, 2012, 28(3) : 44 —49. (in Chinese)
5 INVHOE, EOLER. BURL BN S [ ML Jb st B A, 2009.
6 IRFLZ. LA BIT T UM ], Jbst o E R R BOR A, 2007.
7 EEE, MTE, F4kE,%. BHOUTHEKH EDEM RSB IM . 5% . 750 Tk K 2E iR ,2010.
8 Mak J, Chen Y, Sadek M A. Determining parameter of a discrete element model for soil-tool interaction [ J].
Research, 2012, 118 117 - 122.
9 Martin Obermayr, Klaus Dressler, Christos Vrettos, et al. Prediction of draft forces in cohesionless soil with the discrete element
method[ J]. Journal of Terramechanics, 2011, 48(5) ; 347 —358.
10  Shmulevich I. State of the art modeling of soil-tillage interaction using discrete element method[ J].
2010, 111, 141 -153.
11 Asaf Z, Dubinstein D, Shmulevich I. Determination of discrete element model parameters required for soil tillage[ J]. Soil &
Tillage Research, 2007, 97. 227 —242.
12 Chen Ying, Lars J] Munkholm, Tavs Nyord. A discrete element model for soil-sweep interaction in three different soils[ J]. Soil &
Tillage Research, 2013, 126 34 —41.
13 Di Renzo Alberto, Di Maio Francesco. An improved integral non-linear model for the contact of particles in distinct element
simulations[ J]. Chemical Engineering Science, 2005, 60(5) : 1303 - 1312.
14 Malone Kevin Francis, Xu Baohua. Determination of contact parameters for discrete element method simulations of granular
systems[ J]. Particuology, 2008, 6(6) : 521 —528.
15 Di Renzo Alberto, Di Paolo Maio. Comparison of contact force models for the simulation of collisions in DEM-based granular flow
codes[ J]. Chemical Engineering Science, 2004, 59(3) . 525 - 541.
16  Johnson K L. Contact mechanics[ M]. Cambridge: Cambridge University Press, 1985.



