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Abstract: [ Objective ] In order to solve the problem that the interaction effect between the mechanical
direct seeder and the preceding seeding soil was not very clear, the discrete element method was applied to
study the factors affecting the quality of precision rice hill-drop drilling.Due to the complex structure of the soil
before sowing and a certain difference between the surface mud and the plough layer, it is necessary to construct
a composite soil model in layers. For obtaining accurate discrete element parameters of surface mud for
mechanical direct seeding, the experiments and simulations analysis were conducted, the discrete element
model of the soil surface mud was built by calibrating the key parameters.| Method | The tillage requirement of
field was the same as the precision rice hill-drop drilling, the surface mud was collected before sowing, the mud
accumulation angle test was conducted by funnel method, The mud accumulation angle was measured many
times by digital display inclinometer and the average value was calculated. Hertz—Mindlin with JKR contact
model in the EDEM discrete element software was selected to simulate the soil surface mud. Taking the
accumulation angle as the response value, the Plackett—Burman experiments were applied to screen out the
three parameters which had a significant impact on the accumulation angle , and the steepest ascent experiments
were conducted to narrow down the range of three significant parameters. The regression equation of the
accumulation angle was established with the selected significant parameters by using Box—Behnken
experiments, Taking the mud accumulation angle measured by physical test as the target value, the optimal
parameter combination was obtained by optimizing the significant parameters.Then the optimal parameters were
substituted into the EDEM to verify the accuracy of discrete element parameters of surface mud particles.
[ Result | The physical test of mud accumulation angle showed that the surface mud accumulation angle was
40.20° , and Plackett—Burman experimental results showed that the mud shear modulus, the mud-mud surface
energy and the mud-steel surface energy had significant effects on the surface mud accumulation angle, the
other test factors had no significant effect on it.The steepest ascent experimental results showed that the optimal
range of significant parameters were as follows : the mud shear modulus was 1.6-4.6 MPa, the mud-mud surface
energy was 0.25-0.35 J/m*, the mud—-mud surface energy was 0.02—0.04 J/m’.Through the regression model of
accumulation angle, the optimal parameters were obtained : the mud shear modulus 1.839 MPa, the mud-mud
surface energy 0.25 J/m*, and the mud-steel surface energy 0.029 J/m’.The results verified by the optimal
parameter simulation software were 39.10° , and the relative error with the physical test results of the mud
accumulation angle was 2.74%.[ Conclusion | The above tests showed that the discrete element parameters of
surface mud particles calibrated by the Hertz—Mindlin with JKR contact model for mechanical direct seeding of
rice were accurate and reliable. This study showed that the surface mud of preceding seeding soil was accuracy,
and the results would be used for building the compound discrete element model of the mechanical direct
seeding of rice.
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Tab.1 Mud moisture content

FEA i+ 5 kg Tkt A 57K %1% HXS BRI %
Sample Wet soil weight Dry soil weight Relative moisture content Absolute moisture content
1 1.53 0.84 45.10 82.14
2 1.45 0.81 44.14 79.01
3 2.23 1.14 48.88 95.61
4 3.30 1.78 46.06 85.39
5 1.77 0.93 47.46 90.32
HfH
Average 2.06 1.10 46.33 86.50

1.2 RWFHE
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PRI ORL ) fiuh 280 SRR AR 00 N 1T 1 s, e A O Sl BRSO TS B AR
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1:Steel funnel;2:Iron frame ;3 : Steel plate.
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Fig.1 ~ Actual accumulation angle determination test device
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Fig.2 Measurement of actual accumulation angle of mud
N=F Sepr 4= =
2 RERESHIRE

2.1 HMERERRBHTHEE

TR 2 f A5 Y 2 B T LA AZ L , T A 38 ) 2SRRI 5 Ry , UKL A2 7K 701 52 M LR
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Tab.2 Range of values for simulation model parameters

250 Parameter HUHE Value 250 Parameter ¥(H Value
WA - . R L -
Density of mud . Static friction coefficient between mud . .
JEHIRA L 09505 VeI DI IR S B R R 0.05-0.20°
Poisson ratio of mud ’ ' Rolling friction coefficient between mud ’ '
JE Y B R MPa Dy | TR -
Shear modulus of mud ' Recovery coefficient between mud and steel ' '
FBEE (g cm™) s T B R .
Density of steel ' Static friction coefficient between mud and mud ' '
GER(EE AR 03 VIR B R 0.05-0.20°
Poisson ratio of steel ' Rolling friction coefficient between mud and steel ' ’
H9 I MPa oy | TRV AR ) roan
Shear modulus of steel JKR surface energy between mud o
Tt~ T oy | TR ) Coro0s-
Recovery coefficient between mud ’ ’ JKR surface energy between mud and steel ’ ’

EARa Fn i B

Superscript a indicates the test variable.
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Fig.3  Simulation accumulation angle of surface mud
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2.2.1 Plackett—~Burman X %%
Sk B 2% 2 U8 28 B0 HE R AR s 1) 3 25 e, DAMERSUAR SR R A, BE 4 10 RRAf 2 S 550F0 14> kR 42
SRR 2, B Plackett—Burman Design 1050 i B8 T & E S50, H-00 € S8 FRIE AT FRIE, ane 3
R AR

#&3 Plackett—-Burman X3t E = 57k
Tab.3 Plackett—Burman test factors and levels

24 IR 7K ZH {15/ G =% S S
Parameter Low level — High level Parameter Low level High level
TEHATRRLE A 0.25 0.50 Ve IR E REF 0.05 0.20
P BT YR/ MPa B 0.10 100.00 VeI MR R E G 0.05 0.20
Vs - Z 4L C 0.05 0.20 VeI - WNIR N R B H 0.05 0.20
Ve - E R R D 0.05 0.10 Tedk - FHge/(J-m™) J 0.20 0.40
P -V RN EE R E 0.05 0.20 Tedk - AE/(J-m™) K 0.01 0.05

%4 Plackett-BurmanixIi %5 R
Tab.4 Plackett—Burman test scheme and results

jea) JESAESES HERUR 6/(°)
Serial Test factors Accumulation
number A B C D E F G H J K L angle
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 329
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 55.9
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 18.4
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 66.6
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 14.85
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 6.4
7 1 -1 -1 -1 1 -1 1 1 -1 1 1 53
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 65.4
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 44.7
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 36.6
11 1 -1 1 1 1 -1 -1 -1 1 -1 1 11.6
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 7.8

IR AT AR AN 5 7R o &SR AT, PR BT YIRR | Pk TR R RE eI - R i AERY P{EYY
/NT0.05, F B 3P R Bk RS2 PR HERR A S 3%
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%5 Plackett—-Burman X3z R 57
Tab.5 Significance analysis of Plackett—-Burman test parameters

ESES Lo REl S 2% P{H RENEHER
Factors Effects Sum of squares Contribution P value Significance ranking

-1.64 8.09 0.1373 0.248 3 8
B 39.63 4710.42 79.964 3 0.010 8 1
C -0.39 0.46 0.007 8 0.665 3 10
D -3.58 38.34 0.650 9 0.118 8 6
E 1.31 5.14 0.087 2 0.303 2 9
F 3.54 37.63 0.638 8 0.1199 7
G 4.69 66.04 1.121 0 0.0910 5
H 7.97 190.80 32391 0.053 8 4
J 8.78 231.00 39215 0.048 9 3
K -14.16 601.38 10.209 0 0.030 3 2

222 Ry X
S ARG i) 2% 2 e S HE B AR 0 S 2 S R b (B, BE IR K BT DR & e K -l K SR HI g K -
TR fie Ry ik N R T i A BE I 0, W3R 6 TR o IR A5 SR W - f 25 Ve K By DI (B) e 2K -T2
FTRE () B K, FRIZ VeI HER A PR X1 22 580/ N 3 K . YUK 5y U 1 ol 3.1 MPa I8 -
FIATHEN 0.3 Jm B, HEFR A AR R 22 55/, 0 8.21%
*6 RPERHEIRHER

Tab.6 Test scheme and results of the steepest climb

N R ZE O ‘
¥ \ HERUS 0/(°) MIXER2E/%
Test factors
Serial number Accumulation angle Relative error
B J K
1 0.1 0.20 0.05 4.35 89.18%
2 1.6 0.25 0.04 359 10.70%
3 3.1 0.30 0.03 435 8.21%
4 4.6 0.35 0.02 50.8 26.37%
5 6.1 0.40 0.01 60.5 38.56%

2.2.3 Box—Behnken i %

S ST VRS BT VIR I - K R RE K 9 2 1 B 5 R Z VIR HE R Z A A [l )R | I
Box—Behnken i 46 B 5% , 15 B 3% B V0B 2 3.1 MPa e3¢ - 3¢ 1m0 fE M 0.3 J/m? I 3¢ — 50 3¢ 1 fig >
0.03 J/m* Vi R e K-, e I8 3¢ 3T VI 7 Bl 1.6~4.6 MPa U8 3¢ e 3¢ 2 1 fE Y8 ] 0.25~0.35 J/m’ . ¢
W~ I REIE ] 0.02~0.04 J/m* VE R 58 55 KSF IR K S5 R e 7 iR .

T 22 A S RN 8 P/ o 25 LW - e I 5 UIASE 0 % HERRUAR s e i I 5, Dl S -8 IR SR T g L e
BY IR RIS — e 3K R 1H AR I AR Y e K — 50 2 11 RE 17 D7 Y X HERR fsg i AR 83 e S - e Imi g
BYYIRE F Jr IS U 2 T RE AT Jr ST R AR A s i g 3 EHE R LA AR (P=0.000 11) 2
FRBPI(P=0.753 3) A 2, RWIBIAMLL G B AT s HARIDUE RELR=0.991 8,78 5 RN 1.54%
207 AT T IO R 2= Ve SR A HERR A

AL RZ R BN, A (D PR

0 =453 + 4.625B + 1.725] + 1.15K + 1.4BJ — 1.9B> + 0.8)* + 2.45K> (1)
K, 0 RIS HERS L () s BRSBTS, MPa; J IR - R IRE, J/im® s K N2 - R T RE , J/m’,
2.3 IHFIKEE

LS 2 2R 3K HE R 40.20° 0 HFRME , LA UIe J 55 DDA 13 [l 1.6~4.6 MPa  Je 3¢ - 3K 2% Ifi g v [l
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%7 Box-BehnkeniXI{FELER
Tab.7 Box—-Behken test design and result
A= MU Heff0/(°)
Serial number Test factors Accumulation angle
B/MPa J K
1 -1(1.6) -1(0.25) 0(0.03) 38.9
2 1(4.6) -1 45.5
3 -1 1 40.1
4 1 1(0.35) 0 523
5 -1 0(0.3) -1 40.4
6 1 0 -1(0.02) 48.7
7 -1 0 1(0.04) 422
8 1 0 1 52.1
9 0(3.1) -1 -1 45.7
10 0 1 -1 49.4
11 0 -1 1 48.5
12 0 1 1 50.6
13 0 0 0 46.1
14 0 0 0 44.5
15 0 0 0 45.3
%8 Box—Behnken i3 Bl )34 E 75 2 53 #7
Tab.8 A nova of quadratic polynomial model of Box—Behnken test
R 3 RV E] A F1H PE
Source of variance Sum of square Degree of freedom F value P value
B Model 255.154 0 9 67.18 0.000 117
B 171.1250 1 405.51 <0.000 1"
J 23.805 0 1 56.41 0.000 7"
K 10.580 0 1 25.07 0.004 1°
BJ 7.8400 1 18.58 0.000 76™
BK 0.640 0 1 1.52 0.2729
JK 0.640 0 1 1.52 02729
B 13.329 2 1 31.59 0.002 5°
J 23630 1 5.60 0.006 42°
K 22.163 08 1 52.52 0.000 8™
5% 7% Residual 2.11 5
JAUT Lack of fit 0.83 3 0.43 0.753 3

R*=0.991 8 ;Ra2=0.977 0;CV=1.54% ; Adeq precisior=24.085

LI B K- (P<0.001) , **3oRARH i E7KF-(0.001<P<0.01) , #3475 i /KF-(0.01<P<0.05)
*#kindicates a highly significant level (P<0.001) ,** indicates a very significant level (0.001<P<0.01) , * indicates a signifi-

cant level (0.01<P<0.05)

0.25~0.35 J/m* e 3% - 2 1fi

He7

[l 0.02~0.04 J/m® A 9254 SR 28 =0 (1) $E R 81 05 7 R 4 2K i

T, RBUR AR %y - YR 3R BT U AR 1.839 MPa YK — Y 3 R HE 0.25 J/m? P — N K i £ 0.029 J/m?, &
T i A& 7 R B B HAR 5, A5 B MERL A N 39.10°, 5 S PRUERUMA A XHR 224 2.74% , INIE]

4R
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Fig.4 Simulation and measured map of paddy mud accumulation angle
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