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1.Wheat seed 2.Clean planting area  3.Straw area

B/1 bk “FR7 EREFREARX

Fig.1 Wheat wide-boundary sowing agronomic with clean area
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. Traction frame 2.Gearbox 3.Frame 4.Rear axle 5.Fertilizer box 6.Fertilizer
apparatus  7.Planter frame 8.Seed box 9.Compacting device 10.Opener
11.Diaphragm rotary 12.Blade group 13.Rotary blade cover 14.Latter
straw- pressured roller 15. Smashed straw guide device 16.Beam with adjustment
17.Crushing knife  18.Crushing knife cover 19.Front straw-pressured roller

B2 AREERNE ER FAALEHEE
Fig.2 Structural diagram of wheat clean area planter under full
straw field
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Table 1 Technical parameters of equipment
T H Ttem HUH Values
LR Weight/kg 1800
FREH )1 Power/kW =105
VeV Velocity/(mes™) 0.6~1.2
{ENL IR % Homework width/mm 2400
TP 774 Rows 4
5440 Covering rows 5
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ANRH QR A A 3 U e L 1) ) P A o o 6l s B A 37 Ao
VS8 P K JE A AT AT AR Ay L3247
SR

Installation plate

ARHE T HUR
Wedge baffle

TE AR
Retaining plate

B3 BAEFARKELMA
Fig.3 Structural diagram of smashed straw guide device
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e oxz HAKR R P Py drHDNWASEURL PSR £ DL Dy 43 leid Py
M4 B UL T TAT R S ARAR N SE £ O Tl rhta; R [l rpts
HWRE IS Py RIEERE, mm; o NRESRKE, mm; ¢ AEESE,
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Note: oxz is coordinate system; P and P are the starting and ending points of
the lower throwing motion respectively; D and D, are the intersections of the
coordinate axis with the line passing through P, and parallel to the guide line; O
is the knife axis rotation center; R is the distance between the center of rotation
and the throwing point P;, mm; a is the length of the diversion, mm; ¢ is the
height of the diversion, mm; 7 is the distance between the bottom surface of the
guiding device and the horizontal plane where the rotary center is located, mm; »
is the rotating radius of knifes, mm; 7 is the radial distance between the guiding
line and the rotating surface of knifes; « is the angle between guiding line and
the horizontal plane, (°); A is the angle between the horizontal plane and the line
connecting between the center of rotation and the throwing point, (°).

B 4 BAE T # OXZ F & ik o4t
Fig.4 Trajectory analysis of OXZ plane for smashed straw
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Note: oxyz is coordinate system; 4, B, and C are the three corner points of the
deflector, where A is the front end of the deflector, and C is the highest point of
the deflector; P; is the sliping point of smashed straw; N is the support force
perpendicular to the deflector, N; ' is the friction parallel to the deflector, N; b is
the half width of the device, mm; my is the quality of smashed straw, kg; J is the
distance between P, and the symmetry plane of the device, mm; @ is the
unilateral guiding angle of straw flow guiding device, (°).

B/s5 ffkzhairA
Fig.5 Force analysis diagram of rice straw
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1.Crushing knife cover 2.Soil bin 3.Smashed straw 4.Straw crushing knife
roller 5.Smashed straw guide device

B6 FARKE B LR

Fig.6 Model of guide device- smashed straw-soil
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Table 2 Parameter setting of contact model between materials

BiH 45 ‘544 L +-1%
Item Steel Rice straw Soil
%5 I Density/(kg'm™) 7 800 241 1 850
BYPJHERE Shear modulus/Pa 7.0E+10 1.0E+6 1.0E+8
THFA L Poisson ratio 0.30 0.40 0.38
HEHRE (5T
Rolling friction coefficient 0.01 1.04 1.04

(Interaction with rice straw)
FrEB R (5B
Static friction coefficient 0.30 1.05 1.05
(Interaction with rice straw)
A = R H (S5HER
Restitution coefficient 0.30 0.02 0.02
(Interaction with rice straw)

3.2 (RERKIEIT

WRAES k!, B 05 EAREE N 1.2 mis, B
TE2s B £ T30 2 000 r/min. LLYT 38 R fe 1E X RS e &
NBFH, A HEIMEN 1.6, B R ELME N 2.2 kg/m’,
BB T AL P RE RS BRI R 3.9 kg/s (= HH[A]F%
FrE ) o,

&% Box—Benhken 36316, 51t 3 K&K 3 K FoHT
R, @It EDEM MU BURLS, WP E SRKE. B
PR, MBS 3 HERIHMTRN ARG A, 1
DAAE PR 2R B0 S ik b, SR U B S K U X (A
9 200~300 mm, 28 & P HUE X ] 10~40 mm, 3
B G R I EUE X A 280~350 mm, 56 K2 K4
5 413% 3 fin. EDEM 1 EAERERIS WK 7 Fior

#3 RWERFKE

Table 3 Factors and levels of test

K R EH FUAKEE (el R EH FUTERE
Levels Length of Radial distance ~ Width of diversion
diversion X;/mm Xo/mm X3/mm
-1 200 10 280
0 250 25 315
1 300 40 350

A

LR 205 X Ay

1.Straw area  2.Clean planting area

B 7 ##4k% EDEM 45 AL

Fig.7 EDEM simulation processes of strap row clearing

3.3 HREESREKERREMLEEITMIER

B A PR A OC BE R 4 A SRR LR L, IR HOE A
K, M TE AR R REON R VE M R RRDY . R R
F e ) X A B R 3 000 mm (4R VAT, N EDEM
Ja AbFE Selection HEEL % & Grid Bin Group, K #%-Ji X Fh i
TS TBRE W3 538 10 NS IG, Wl 8 Fias.
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1.Straw area  2.Clean planting area
B8 WHFRBRHFERETEH
Fig.8 Data collection in sampling area
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K FAMTEEER R R % w; NEB i T30 j IS
AINX BRI 5, woEETE, w=240 mm.

4 RS

RIGEFE 12 NMFTEFR 5 AT TR ZE, 17
AT . 18 H Design-Expert 8.0.6 4536 Hcia 347 ]
VAT, R FH e S8 T 73 B2 6T 24 PR 25 A D 1 RN AZ B3R
B RUAREAT AT 7. R8T S5 AR AN 4 BT
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Table 4 Experiment design and response values
# Factors

I W AH Response values

i TE G2 ity 5 A S R AL
No. Xi X X3 Straw cleaned rate ~ Variable coefficient of
Yi/% strip width ¥/%
1 -1 -1 0 87.50 11.65
2 1 -1 0 90.04 9.33
3 -1 1 0 86.47 13.07
4 1 1 0 87.33 10.13
5 -1 0 -1 89.00 13.89
6 1 0 -1 92.77 11.29
7 -1 0 1 87.07 14.15
8 1 0 1 86.78 13.51
9 0 -1 -1 89.36 10.84
10 0 1 -1 86.74 12.88
11 0 -1 1 84.62 12.47
12 0 1 1 85.26 1291
13 0 0 0 90.80 11.05
14 0 0 0 92.02 10.36
15 0 0 0 91.34 10.55
16 0 0 0 91.51 10.67
17 0 0 0 92.35 10.88

4.1 EVEASH

H Design-Expert 8.0.6 {151 3% 4 (835 247 70 Hr A
ZuhHMG, HRE Y. MR R R LR E
ITEERINZE 5 Pron. 73 AESLIEREE . M 58 AL 5
REC R E PR X A2 A ER B X, A3 E SR 58 X
3NERENZIHAEETTRE, iR .
4.1.1 HRRHIZHSH

TR EZNTIER 5 P, W& 5 ArA, Wi B
TR [P JE AL R AR P<<0.000 1, 3R B [A] AR AR B2 3%,
BT X Xow Xon XiXan X2 o X2 XHE RS AR B
BE, BHIX,X, o X] NSRRI % . W&
Iz F A TR AL & R3O0 RS S 50 ) 2. 25 1
W e X, > X, > X, o ¥ HANA R 177 Z R IEBE
FENFRZET, FRIRBEAT 5 2000, @R 5 B,
FRANRZTUS, 1534 P30SR 3 80 Z k=5 77 #2 an
X (12) Frowe b (12) 7T R, K40
W P>0.1, A&, FHREIFTTEEGE .

Y, =-117.98+0.36X,+0.15X, +1.09.X,
-5.80x107* X X, +1.55x107 X, X, (12>
-2.71x107* X} = 0.01X7 -1.65x107° X7

4.1.2 AH AL Z I L EBRSAT

T 9 AR S RAUT ZE o Ttk 5 fos. a5 Af
I W S TR AR e A B T AR S R EUEAY P<<0.000 1,
KPR, BB X, X, X, X7V XPR
Ty 8 FE AR S R BUS A UM 2, Rl I X X S
MR, XX, SRR . NI F
BBy S0, B DR 3R Aoty 5 52 A S AR AR 5 0 £ S
FET A : X, > X, > X, o B HARA B3 177 22 KR
WG FENIRZEI, PR T 2000, 855 5 s
TMBRAN R ZZ TS, 43305 R 300 Fy B A28 7 R — Ik
FE R (13) FoRe xFal (13) J R T AU e
5, R P>0.1, AR, RYRIHTTELE .

Y, =192.02-0.23X, +0.28X, —0.99.X,
+2.80x107* X X, —7.62x107 X, X, (13)
+2.49x107* X7 +1.53x107 X;
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LipmEE AT LA E (25 mm) B, FEFHK
ARG BT T FE XIS R 2R Y, A28 LA FH s e 4 1] 9a i
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TE RS A2 AR H 2 & 9b B, B AR ) B S A,
TR RGN, AR E SRR, HiE
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TV T SR AORERE BN, 5V RN
4.2.2 REXHFEEE R R B AN

U R B AL T AL E (25 mm) B, 3B SRK
JE AN S0 i R R T AR S R B 5 B R
W 9c Fion, B3 E SIRKER N, MR ELERE R
Bk, BEE B SUTEER N, R g AR B 2B
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AR S A HSEI/IN JE 1 K o 45 DR 300 il 9 S22 S AR N
SRS Oy B R B SRR R I, Ay 9 AR
SRR s BB AR BB G N, R 58 AL 5 AR MO
K Bt % BT AL L FE SN, iy 98 A8 R R B I
Ja¥EK.

TR TR BEE R E ARG, SR E
ARG RERE NG DL, WERG M AU ) PR, A T A
B RA HE OLIEs , FhH 58 B AR e R B0V BEE AR
[EERSRE ) NP e X A S D og B e SA N  f
PRSI, Pl 8 AL S RO K PR RE
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Table 5 Variance analysis of regression equation

T H E 75 - -
mH J5 2R Sum of squares Degree of freedom Mean square
Items Source M il E&T;EE e A 5 M;&T;EE % A Vil E&T;EE e A 5 M;&T}\EE e A 5 M;&T;EE E
157 Model 106.60 105.89 9 8 11.84 13.24 37.90 36.60 <<0.000 1 <<0.000 1
Xi 5.92 5.92 1 1 5.92 5.92 18.93 16.36 0.003 3 0.003 7
X, 4.09 4.09 1 1 4.09 4.09 13.09 11.31 0.008 5 0.009 9
X3 24.99 24.99 1 1 24.99 24.99 79.98 69.11 <<0.000 1 <<0.000 1
. XXz 0.71 - 1 0.71 - 2.26 0.176 6
XX 4.12 4.12 1 1 4.12 4.12 13.19 11.40 0.008 4 0.009 7
XX 2.66 2.66 1 1 2.66 2.66 8.50 7.35 0.022°5 0.026 6
X12 1.93 1.93 1 1 1.93 1.93 6.18 5.34 0.041 8 0.049 6
Xzz 40.14 40.14 1 1 40.14 40.14 128.14 110.99 <<0.000 1 <<0.000 1
X32 17.14 17.14 1 1 17.14 17.14 54.84 47.39 0.000 1 0.000 1
szs%ifml 2.19 2.89 7 8 0.31 0.36
ijlf%?ﬁt 0.75 1.45 3 4 0.25 0.36 0.69 1.01 0.601 8 0.4957
Puzéior 1.44 1.44 4 4 0.36 0.36
JAA Total 108.79 108.79 16 16
T2 Model 32.74 3274 9 7 3.64 4.61 28.41 3048 0.000 1 <0.000 1
Xi 9.03 9.03 1 1 9.03 9.03 70.52 59.70 <<0.000 1 <<0.000 1
X, 2.76 2.76 1 1 2.76 2.76 21.58 18.25 0.002 4 0.002 1
X; 2.14 2.14 1 1 2.14 2.14 16.73 14.16 0.004 6 0.004 5
¥, XXz 0.10 - 1 0.10 - 0.75 04150 0.069 8
XX 0.96 0.96 1 1 0.96 0.96 7.50 6.35 0.029 0
XX 0.64 0.64 1 1 0.64 0.64 5.00 4.23 0.060 5 0.032 8
X 1.72 1.64 1 1 1.72 1.64 13.43 10.85 0.008 0 0.009 3
Xzz 0.37 1 0.37 - 2.88 0.1335
X32 14.71 14.50 1 1 14.71 14.50 114.84 95.88 <<0.000 1 <<0.000 1
szs%ifml 0.90 1.36 7 9 0.13 0.15
ijl?(\)?ﬁﬁt 0.60 1.07 3 5 0.20 0.21 2.73 291 0.1779 0.160 0
Puzéior 0.29 0.29 4 4 0.07 0.07
JAA Total 33.64 33.64 16 16

VE: P<0.01 (B3 : 0.01<P<0.05 (&%) ; 0.05<P<0.1 (BEZ) .

Note: P<0.01 (highly significant); 0.01<P<0.05 (very significant); 0.05<P<0.1 (significant).
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Design and optimization for smashed straw guide device of wheat clean
area planter under full straw field

Luo Weiwen, Hu Zhichao™, Wu Feng, Gu Fengwei, Xu Hongbo, Chen Youging
(Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: The rice-wheat alternate planting system is the main grain production model in most areas of China which has a
great significance to ensure food security in China. The wheat sowing season after the rice harvest is relatively short, combined
with the complexity of the traditional wheat planting process, which not only result in the higher sowing costs, but also fails to
complete all works during the wheat sowing season. . Seeding directly in the field without straw treatment is an effective way
to avoid the aforementioned problems. However, the following issues often occur during the application: for example, the
soil-buried parts of the machine are blocked by grass which can’t guarantee the steady operation; a large amount of straw is
mixed into the soil which will take the seeds outside the soil and lead to the seeds exposed. To handle the above problems, this
paper provided a new sowing method and an efficient guiding device, which adopted the planting technology in the full
amount of straw and root stubble field. After the straw was pulverized, all the smashed straw could be placed on inter-rows by
using the guiding device to form a sown strip containing few stalks, and the subsequent sowing operations could be completed
on the strip. Through the theoretical analysis of the motion of the smashed straw, length of the diversion, radial distance and
width of the diversion as key parameters affect the performance of the equipment were verified. The discrete element platform
for simulating the operation of the device was established, and the platform mainly was composed of a pellet factory, a
crushing device cover, a smashed straw guiding device and a soil trough. Based on the Box-Benhnken central composite test
method and EDEM technique, the three-factor and three-level orthogonal rotating quadratic combination experiment was
carried out with straw cleaned rate and variable coefficient of the strip width as the evaluation indexes. The influence of the
three key parameters was analyzed. Furthermore, the regression equations were established to describe the relationships
between the various factors and each assessment index by using the regression analysis and response surface analysis by
software Design-Expert 8.0.6. The optimum combination of the selected parameters was obtained, and it was verified by
numerical simulations and field trials. The experiment results indicated that various factors had a significant impact on straw
cleaned rate and variable coefficient of the strip width. Depending on the order of significance of the impacts, the factors
affecting straw cleaned rate were arranged as follows: width of the diversion, length of the diversion, radial distance. Likewise,
the factors affecting variable coefficient of the strip width were arranged as follows: length of the diversion, radial distance and
width of the diversion. The combination result of parameter optimum design was presented as follows: length of the diversion
is 300 mm, radial distance is 19 mm and width of the diversion is 298 mm. The straw cleaned rate and the variable coefficient
of the strip width were (91.83%, 10.36%) and (90.75%, 10.94%), which were determined through simulation experiment and
field experiment respectively. Hence, the results of the two verification tests were basically consistent. The study should
provide technical and equipment reference for no-tillage seeding of wheat after the rice harvest in the rice-wheat alternate
season in China.

Keywords: agricultural machinery; discrete element method; optimization; seeding strip straw removal; smashed straw guide
device



