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Abstract; In order to solve the problem that there is a lack of accurate and reliable discrete element
interaction model of seed furrow soil — seed — covering device in the study of the micro-movement law of
seed furrow soil and seed in the operation of covering device of planter. Taking the cohesive soil with
moisture content of (15.7 +0.25)% as research object, the relevant parameters and models were
calibrated based on EDEM. The traction resistance of soil covering operation was taken as the response
value. Based on Plackett — Burman test, the parameters sensitive to traction resistance were selected as
soil — soil rolling friction coefficient, soil — 65Mn static friction coefficient, critical normal stress and
critical shear stress. The range of values for each sensitive parameter was determined based on the
steepest ascent test. Based on Box — Behnken experimental optimization, the values of soil — soil rolling
friction coefficient, soil —65Mn static friction coefficient, critical normal stress, and critical shear stress
were obtained as 0. 15, 0. 31, 18. 45 kPa, and 18. 58 kPa, respectively. Secondly, taking soybean seeds
as example, the discrete element interaction model of seed furrow soil — seed was established. The
collision recovery coefficient, static friction coefficient and rolling friction coefficient between seed furrow
soil and soybean seeds were taken as the experimental factors. The simulation stacking angle was taken as

the evaluation index. Through the optimization of Box — Behnken test, the values of each test factor were
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0.57, 0.33, 0.08, respectively. Finally, the discrete element interaction model of seed furrow soil —

seed — covering device was established, and the experimental verification was carried out. The results

showed that the average relative error between the simulated and measured values of traction resistance

was 2.22% . The relative error between the simulated and measured values of the stacking angle was

1.61 % . The relative errors between the simulated and measured values of soil cover thickness and seed

spacing variation coefficient were 4. 89% and 5. 90% , respectively. They were all small. The established

discrete element interaction model of seed furrow soil — seed — covering device was accurate.

Key words: seed furrow soil; covering device; discrete element method; interaction model; parameter
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Tab.1 Material intrinsic parameters

Rk S8 Bl ok 15
BRE/ (kgom %) 1.68 x10° 3z

R bEL /A 0.41 e
B/ Pa 1.0x10°  3CHk[9,20,28]
B/ (kgom ) 7.861 x 10° CHk[29 ]

65Mn ML 0.3 SCHK[20]

YR / Pa 7.90 x 10" X#k[29 -30]
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1.4.2 Plackett — Burman %

HEHE AT 28 WIS R 255 00 ) 1 E 1 Fr
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Plackett — Burman i & i 4% , DA 22 5| B 3 Y Ay i )il
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Tab.2 Factors and levels of Plackett — Burman test

- fRIKF mik -
(-1) F(1)

+ -+ HERE R R R AL 0.3 0.8  3CHik[9,14,38]
B - R AR R, 0.6 1.0 3CHR[9,12-13]
4 VR B EE AR A s 0.05 0.2 SCHik[20 ]

F - 65Mn REIKE R¥x, 0.2 0.7 CHk[9,20]
45— 65Mn i EEHE R EY x5 0.3 0.6 CHk[9,20]
+ - 65Mn RS EEE B v, 0.05 0.2 CHk[9,20]
I S5 5 1) i F) «, /kPa 10 40 k[ 25,39]
I 90 8] B 3 x5/ kPa 10 40 SCik[25,39]

% 3 Plackett - Burman £ 382 it B & R

Tab.3 Design and results of Plackett — Burman test

o bR AE S8 VN
X, X, X, X, X, X, X, X
1 1 -1 1 1 1 -1 -1 103.67
2 -1 1 1 -1 1 1 1 -1 145.40
3 1o-1 1o-1 11 1 143.92
4 -1 1 -1 1 1 -1 1 1 130.82
5 -1 -1 1 -1 1 1 -1 1 143.87
6 -1 -1 -1 1 -1 1 1 -1 7919
7 1o-1 -1 -1 1 -1 1 1 126.85
8 11 -1 -1 -1 1 -1 1  80.54
9 1 1 1 -1 -1 -1 1 -1 102.38
0o -1 1 1 1 -1 -1 -1 1 91.24
m 1 -t 1 1 1 -1 -1 -1 108.23
2 -1 -1 -1 -1 -1 -1 -1 -1 60.55
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% 4 Plackett — Burman XIS B ZE 4 S

Tab.4 Significance analysis of Plackett — Burman test

parameters

28 P O ¥orm o EwmE/%
X, 0.720 6 2.42 17.55 0.20 6
X, 0.8317 -1.43 6. 10 0.07 7
X;  0.0254*  25.57  1961.46  21.84 2
X, 0.9500 -0.42 0.53 0.01 8
X 0.0122° 33.50 3367.40 37.49 1
X¢ 0.1300 12.75 487. 87 5.43 5
X, 0.0319" 23.41 1644.41 18.31 3
Xy 0.0497" 19. 63 1156.21 12. 87 4
s FAREE(P<0.05), M,
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%, XA 4 A EER NS E0, EE ;v x,  xg FTH
4354 0.05.0.3 .10 kPa 10 kPa, & K43 7] 4 0. 05,
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Wk S5 s,

x5 ERERERBEAERER

Tab.5 Steepest ascent test program and results

B % Xs x,/kPa xg/kPa Y/N  MXiR2E/%

1 0.05 0.3 10 10 69. 58 38.22
2 0.10 0.4 18 18 104. 57 7.16
3 0.15 0.5 26 26 152. 16 35.10
4 0.20 0.6 34 34 197. 09 74.99
5 0.25 0.7 42 42 214.58 90. 52

RS ATAL2 S8 ny B J7 i 22 &/,
7.16% o A3 T e BEC S i 50 45 R i 2 5 il 4w
TSN SEAE N E SR a5, 1 53 5k
5 2 AR K 7 A1 iR 7K OF-, FF & Box — Behnken i
L, RIS G .

1.4.4 Box — Behnken i

FIF Design-Expert i 47 P4 A & = /K F i
it B it R AT 29 A BE R I, il B ik it
FEGEERME 6 o, HEMTEERMET
JiE 7N o

X B0 E5 4 217 2 oo A LA, T A5 2 &R G
T X, Xy X, X, Rom a5y Y Z B w4 J7
)

Y =117.95 +12. 35X, +13. 67X, +6. 09X, +
9.79X, +0.017X,X, - 1. 52X, X, + 1. 48X, X, -
0.86X. X, —2.36X.X, +2.26X,X, —3.90X> —

4.13X2 —6.48X2 - 6. 83X? (6)

FHER 7 AT, iR 22 S P A i 3 (P <0.01)
HRIUA B2 (P >0.05) , RUZBEAL G R4,
BRI 5, AR REH 4.63% , e ZH R =
0.946 0, £ IEPLE REL R, =0. 8920, FWIZIKX I H
AR, BLE PRI E . X, X X,
X %4251 B Y Rk 3 (P <0.01) s IR X; |
X; APZESIA ST Y SR B (P <0.01), Xt F
B AT, 25 PR 3 X 42 5| BH 7 5 i B R B/ by X X
Xe X, o
1.4.5 28k 50 H Rk

FII ] Design-Expert £ By LA e, LI +

% 6 Box— Behnken iXIiZITARRKER
Tab.6 Design and results of Box — Behnken test

= Gk Y/N
X3 XS X7 XS
1 -1 -1 0 0 84.13
2 1 -1 0 0 115. 64
3 -1 1 0 0 104. 59
4 1 1 0 0 136. 17
5 0 0 -1 -1 95. 15
6 0 0 1 -1 100. 69
7 0 0 -1 1 104. 48
8 0 0 1 1 119.07
9 -1 0 0 -1 87.59
10 1 0 0 -1 100. 03
11 -1 0 0 1 107.79
12 1 0 0 1 126. 16
13 0 -1 -1 0 80. 66
14 0 1 -1 0 114. 39
15 0 -1 1 0 98.35
16 0 1 1 0 128. 65
17 -1 0 -1 0 88. 87
18 1 0 -1 0 119. 03
19 -1 0 1 0 102. 39
20 1 0 1 0 126. 47
21 0 -1 0 -1 80. 66
22 0 1 0 -1 114. 89
23 0 -1 0 1 107.07
24 0 1 0 1 131. 87
25 0 0 0 0 114. 04
26 0 0 0 0 117. 34
27 0 0 0 0 119.20
28 0 0 0 0 120. 54
29 0 0 0 0 118. 64
x®T HFEDW
Tab.7 Variance analysis
ok 15 EHA HHE ¥r F P
el 6 256. 44 14 446.89  17.52  <0.0001*
X, 1828.79 1 1828.79  71.71  <0.0001*
X, 2242.70 1 2242.70 87.94 <0.0001*
X, 444.57 1 444.57  17.43  0.0009**
X 1149.15 1 1149.15 45.06 <0.0001*
X, X, 0. 00 1 0. 00 0. 00 0.994 6
X, X, 9.24 1 9.24 0.36 0.556 8
X, X 8.79 1 8.79 0.34 0.566 5
X, X, 2.94 1 2.94 0.12 0.7392
X, Xq 22.23 1 22.23 0.87 0.366 3
X, Xq 20. 48 1 20. 48 0. 80 0.3854
X2 98.73 1 98.73 3.87 0.069 3
X2 110. 38 1 110.38  4.33 0.056 3
X2 272.70 1 272.70  10.69  0.0056 **
X; 302. 38 1 302.38  11.86  0.0040*
B 357.05 14 25.50
JATH 33264 10 33.26 5.45 0.058 3
ali i 2% 24. 41 4 6. 10
¥ 6 613.49 28

T TR (P <0.01) , T
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F 28 31 B A1 S A 112. 63 N g F AR (8 0 775K it
550 25 20 DAL R B9 — 2L A« - M1 M s
R %, =0. 15, 13— 65Mn & JBE B R0 «, =0. 31,
I L3 11 B2 S x, = 18.45 KPa I S W) 1 B J) x, =
18.58 kPa, % T W HE %40 2 40 0 50 0E L DL L ik 2
Bl EDEM 05 20280, 64T 3 4107 203k 5, o 75 i
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2.1 FhFEE

WG 14 S5 R G RIFRA S, &R E N
i, H SRR (KSR ) F I 7.33.7. 26,
6.56 mm, Hy T K A AR L), AT ARl A Bk
PR SRT 3 BRI 7 vk, B ST I K LR T B ot
RSN T s o
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Discrete element model of soybean seeds

REM T EHOTH A
Fig. 7

2.2 BHTSHERE
SN N PNGRIEASPNISR [V A NIEE UL RS ]
o 3y - 18 1 fih A 80 AR %8 ) Hertz — Mindlin (no slip)
£ Lk R RS = 1D U RN & e S0 Ve % & T
W IR 2, K+ AR S 800 K 2 Fh 5 ] Y 32
fih 2 F0n] 38 5 I R B 1) SRR AR 2 (5K 8) , (H Fb
) B R G Y il S B G — R E
HART7 vk 02 PLOR S Fh 7 76 R il - 3 3¢ T 79 HE AR
£8P 45 bR il 1 Box — Behnken iX 55, LA HE
RS20 A0 A B B, 153 3 B A0 R il = Hod

I

= o
*8 RKEMFHESH
Tab.8 Soybean seed simulation parameters
Mk 24 B P
R/ (kgom ) 1.21 x10° €
KE HFALL 0.4 ik [40]
BT Y1 e/ Pa 5.09x10"  3Ciik[40]
Hlf $28 K 52 2R K 0.6 SCHK[41]
KRE-KE  HEHEER 0.5 SCHR[41]
VR Bl FE 4 IR B 0.01 k[ 41]
2.2.1  SEBRMER SN E

HERRUAR I 4 (R 8a BT, A2 H R AR

AR | S S AL B R A T 0k B AR
PRI 12 795, K i b 9 e B e A, B A 2
T R LD UL A R B SE R, R
Fobt - J0URL 23 U BORL A, O AR AR A L BB — A
HERRAA Bo i CAD B X i AU R A7 & i

Zi 1A 8b PR B E A 3 K, 15 E P 2 HE R
H 23.57°,

(b) g4

P8 e AR I 1 5

Fig. 8 Stacking angle measurement test
LRERMAR 2. 4MAR 3. L
2.2.2 Box — Behnken {1
HRAE SCHR [ 23 - 24 RS CR, 266 20 BT 05, 1
TE T bR s 2 BRIV 355 R SR Tl 4R K A2 2R R
2z, HREEAE DR 2, TR 2 B 15 DR 2, 19 BRO(E 3 L, 4%
IR gt an & 9 Fros. LAHERR AR 07 BAE il 46 45
b, B Design-Expert #4431 = I 2 =K ¥ IE 5L
] 5 3, 7 EL a5 v b ) 0 2 R O I SRR
SESH T BRI AR A 9 PR g et r 2 &
SERANK 10 s, Jr 20 s Rk 11 s, Z, |
Z, Z 5 R IR E 2, 2, 2, GRS E .

x99 HRAGTERBERRD
Tab.9 Stacking angle simulation test factors codes
ity %
21 ) 23
-1 0.5 0.20 0.01
0 0.6 0.35 0.06
1 0.7 0.50 0.11

KEFT
P - 15

(a) (2T
Ko R il R
Fig.9 Stacking angle simulation test
XA 0 E e AT Z e mNH A, AT AR 2 &R S
WAl Z, . Z, Z, 3= WHERRS g B Il 3 5 8 R

B=22.96-0.51Z, -0.28Z, +1.1Z, +0.01Z,Z, +
0.077Z,Z, -0.08%,7Z, -0.27Z; -0.29Z; +0. 0157,
(7)
H & 11 AP0, [l A A dg 2% (P < 0.01), H
RAUTUA B (P >0.05) , RPIZAR TG B4, B
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Tab.10 Design and results of stacking angle

simulation test

SES

e Z Z Z B/(°)
1 -1 -1 0 23.36
2 1 -1 0 22.03
3 -1 1 0 22.75
4 1 1 0 21.46
5 -1 0 -1 21.79
6 1 0 -1 20. 90
7 -1 0 1 24.35
8 1 0 1 23.77
9 0 -1 -1 22.03
10 0 1 -1 21. 67
11 0 -1 1 23.87
12 0 1 1 23.19
13 0 0 0 22.93
14 0 0 0 22.53
15 0 0 0 22.86
16 0 0 0 23.12
17 0 0 0 23.37

&1 HERAGTERRAZSH

Tab.11 Variance analysis of stacking angle simulation test

P EAM AHEE ¥jo7 F I
FEAR 13. 12 9 1.46 9.34  0.0038 "
Z, 2.09 1 2.09 13.39  0.0081*
Z, 0. 62 1 0. 62 3.95 0.0873
Zy 9. 66 1 9. 66 61.86  0.0001*
AU <0.001 1 0. 00 0. 00 0.9610
7,7, 0.02 1 0.02 0.15 0.706 5
7,7, 0.03 1 0.03 0.16 0.697 6
VA 0.32 1 0.32 2.04 0.196 7
zZ; 0.35 1 0.35 2.23 0.179 4
7 0. 00 1 0. 00 0.01 0.939 1
Gk 2% 1.09 7 0.16

A2 1) 5 0.70 3 0.23 2.41 0.207 6
ali iR 2= 0.39 4 0.10

JEyill 14.21 16

BRI, RS RN 1.74% ,BUE RELR =0.9231,3%
A2 1 0 B A R 1 AT SR, POL5 O R AT L AT
XA 25 B0 4 SR AT T, L S L Y
Z, \ZXER SR B R M W AR A T AN
XFEE F A AT R, 2% PR3 60 S B 52wl el 2/ 08
2y 2\ Zyo
2.2.3 28k

| Design-Expert 4 h 19 5 fb #2 H, DU
2,201 7 R S R LR A Al 7 43 3R 1A HE AR
B =23.57° HARE, BEAT DU ALK , ZRAT Bl i) £ 43¢

HRGMFEMSHEEMImEHEH 2 =0.57,
2, =0.33,2, =0. 08, BVFf {4 4 1 5 K & Fh 5 filf 4 K
SFRKCH 0. 57 i EE 42 IR 0. 33 VR 3l R 52 R 4
47 0.08,

3 OMMLE MT ELEBEEEEHTE
B 32 37 S F

3.1 MigtiE M7 BIEEREEEHTERET

RAGHT SO Fhyn LS H L E KRR
ok AR (-8 GIVE % QR ST VAR IRTo S |
T AR S H OARR B HOTE AL, an & 10 FR
N T BRI A P AR IR S S TR R
IWRE LA B R A7 7 R0, R IRAE S ST ~ ST, 454
RGP A AR 25 A, A B OB R - 22 (8] Y 8] BE
10 em,

{EAk 7w

B8 SF A RN e ST

1000
K10 By R 5B 2 R T R
Fig. 10 Discrete element model of seed furrow soil —

seed — covering device

3.2 IEIRL
3.2.1 Pl - TR E BARE B ROTE A S8
Lans

K A () 1 4 3 42 fih 2 B RIS 7 S 8 8, +
S8 it 3 L R 1% 5 WA Jo i AN (] i, HE rp 3R S )
B0 R file 0 A A s St 2 B g R T
PR A I S BT 5 S B s 2 7 AR AR 2%
Gy S AT R I E el = W E I R R
SEvE R A FioH e A E T E AR
AN 6] B AR 0, % L 43 B B A AR M B 52 3] 42 5] B
30 S AE 5 AH [FAE L 254 T EDEM {7 51K, LA
AEXF 1 25 R PP 6 A R B e A e 1 55 - A
HOC S B0 2 BT SR RE R P o 38 A 1 A 5
AR L3R ER 3 IR,

RIS R R 12 R, 48 H 3R E A LR
70 mm , B+ #2BE W BE Y 220 mm B 4 85 R
A AR Ry 12° AF L B2 R 4.6 .8 km/h B, 22 5]
JySE I AE 5 05 AR B AH X R 22 40 SR 2.65%
3.34% 0. 68% , A X} 1% 2 (- B {E S 2.22% . 45
R R WIFPE -7 e B AR B HOTEIA K S8
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Tab.12 Test result of draught force

P/ (km-h~t)  SCWIE/N PFECE/N AR 22/ %
4 95.35 92. 82 2.65
6 103. 22 96. 87 3.34
8 112.63 111.73 0. 68
FHE 2.22

P 5 WEB AT 5E
3.2.2 Bl AP HAE B HOTR R K S EUR R

P L RO A NISR Ui aE P [ 3 8 3 A R
Bl K 52 R 0. 57 (i BE 4 A 4y 0. 33 R 9l JiE
BERECK 0. 08 JFJEfy R IE, 3 Y 2 i 50 15 2 05
LHE LA 4 Wk 22.98° .23.94° 22.65°, F{EH N
23.19° AR #E 2N 0.67°, 5 S0 i FR £f 23.57° A
o, AR 2250 1. 61% , 45 R 3R B Fh il + 3 —Fh 7 5.
VE BT 2 H0hs & HE .
3.2.3 i AT R R B HOT R B IE

R Al 475 b LA ke B VR PR RE K, 2k B
IR H R FORCEE AF 5 R AL C O VT 4R A T R
LR R 48

Pi BB 455 , | EDEM J5 4b B Analyst ¢
Yo Clipping JIGE , #8115 4% F 7 (9 A7 &, F 100 & T
H A7 2R 2 IR B, B ok R 1 10 B
TR WA ST ~ ST B R R 5 B
{E o FH ] I, 7EAN 22206 8 T4 B I O T, 58 I
TEEAENL G 4 R SR 4% ] 10 19 J7 AR Uil & 7
FPya P, 5 58 U ARV S B Bl 07 5 1) A 8
AT, o A ol 1 B JRE R BROBE 1 R T A (E R
S .

ST BRAR 2%, A e sk R T B R
FNA I 5 A wiE 7 ) 04 7 B A AR, B ORCEE AE R R
Bt ah

C, = d Ll x 100% (8)
/\EF' L1:Zi+l_li (9)
— 1 6
L=€;Li (10)
K i 25  HL 1 ~6
L——"55 i A B 76 1 2F 7 8] 19 67 B Ak A

L—"55 i+ 1 F% ¢« DFF kR, mm
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A JE R RO BE AR SR B0 K 50 0 AR A0
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Verification test of soil cover thickness

Fig. 11

(a) F L

12 Fh o R A8 1 ) =

Fig. 12 Measurement of changes in seed spacing
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Tab.13 Test result of soil covering operation

S8 P+ JE ¥ /mm PR 5 R %
5 ELAE 46.33 3.59
SENE 48.70 3.39
AR5 24/ % 4.89 5.90

SENAE 43 A A 46.3348.70 mm, A X iR 2 N
4.89% ; ki FE AR S R BCD5 B AE 5 52 AE 43 A R
3.59% 3.39% ,AHXT 1R 250 5.90% , 5 R KW, HE
A VR JRE RIORL B A S R 50 S {E N  ELARURH XS 58 2 2
L2 NI = VAL SR BT TS o o R Rl e - e < L I (B
BT MER , AT LUAR 4 A5 40055 A AL FD 8 B 1
SUR Y IR sB U o L e e b/ Y

4 g

(1) JF EDEM B, o 7 Fpi + 458 575 +
TE HAE R B HC R A ¥ A Hertz — Mindlin with
Bonding 42 il A 7 Xof b 74 + HE R 17 5 B S Hobs 2
DL e m VR B A 5| BH T S A 48 A, AR SR
i A5 o 22 5 | BEL 5 g R R - R B
JEE 52 R K5 . A 18— 65 Min s B2 482 R 450 s S 32 1) 7 7
e YL 4 1 BE H7 4 )k 0.15.0.31, 18.45 kPa,
18. 58 kPa iZ &AL i T , 4 51 B J7 {5 FLAH 5 55 M{E
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FHXT R 22 {E R 2.22% o 2N 1.61%
(2) #ar 1Ak 35 R AT HAR R B HOT (3) L T AlE L Fh 78 LA = H HAR

BERL, DIAD A S R A TR K R R IR ROCRERL, DB R R RDRE AR S AR RO WY
DB TR S B N B I R, LD B R A 0 8 An T RS IR0, 19 3] 1 48 o J52 88 M Rl 3 L B A
Wraadn, AL S A LSRG A FREEK E R 5 R K005 B -5 SR i A 6 5 22 40 5 O 4. 89%
Bl 0.57 W EERE A 0.33 RSN 5.90% o 25 R R BIA SCHET (R e LR - 1
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