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Abstract. In order to determine the optimal contact parameter combination of discrete element simulation
of coated corn seeds, the error rates of repose angle and stacking angle of coated corn seeds obtained from
the real test and simulation under different parameter combinations were used as response values to
calibrate the discrete element simulation parameters of coated corn seeds. The classical mechanics theory
was used to establish the kinetic equations of granular particles, and the main contact parameters were
determined by the analytical mechanics equations. The Central Composite test was used to establish the
multiple quadratic regression equation between the model parameters and the response values. The
genetic algorithm NSCA —[[ was used to optimize the multiple quadratic equation, and the verification
test was carried out to obtain the optimal contact parameter combination of the coated corn seed discrete
element model, that was the interspecies static friction coefficient was 0.432, the interspecies rolling
friction coefficient was 0. 082, and the interspecies collision recovery coefficient was 0. 178. Combined
with bench test and simulation test, through inclined plane sliding test, the static friction coefficient
between horse tooth corn seed and plexiglass was 0.116 4. In order to verify the accuracy of the
calibration parameters, the four contact parameters were used to carry out the simulation test of seed

ejection, the simulation test result of the stacking angle obtained by the test was 27. 83°, compared with
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the actual values of seed dropping, the error was 1. 76% , the results showed that the demarcated discrete

element model and contact parameters of coated maize seeds were accurate and reliable, and could be

used in discrete element simulation experiments.

Key words: corn seed; coating; discrete element; classical mechanics; parameter calibration

0 3|

TR F S — KA B AR, 7 = R AEY
2RI E A R R T Y M A
R 5 R IR IE R OR AR T R E AR BT
B, B K - 22 A0 A A BRLBE A% 38 B By i v 3 U
fedt kR e e Rm AN M
A REIE AR 1 (9 40 {5 A T 4 3l 35 K (9 K5 5 4% B A
S g

SR FH 25 KON 585 HE b 2 B % A I, T OK b1 £
Fobi s v 2 D 9 SE Rl U R A B8Rl z SRR T HK
OB 938 8 5 L AR s 72 o, Bl S R
T HER & 2 18] 9 1 D 80 52 2% 5 ) 2 T R HK
TC 14 K U7 LR TR ADL B R B 1 i s AL, A
B TR FEHERP LB, £ 2 HE R 5 1) 2E— 22001k, 35 24
WFFE A Al A AR T K b 28 G A TR A
HZH, A 5235 2 0 M) 8 BIOCk X HE M i 1T 2 45
SRR AT S (F L SHCTT B A A
FORPFAAE SR (Fp 18 TLAT R AR HE
SV A A5 ) R B AR figh 2 0 (b T R 42 TR
IR 2l B 45 DR b 1 15 45 fnk A el 18] 7 52 4852 LR AT
TR 2l B 4 DA KR RIE R O R AR ) s AR R R T B
BT R A A AE 2 805 (R 26 20 TR Bh 1 A E 2 5L
— B, {E OB R ) 1% 22 FA 6] R 6K Bl 1 18] 42
AW fihaz Bl LR T K B 22 A A Ak B 9 03 4
fih 2 Mk A= Ak, T R i SRR AR E

B R R BRI K A D AR AR
b€ BOK 154 MUBHE | BB A A 1] 1) 9 Bl B 4%
A, TR OB 5 4 1R 7 3 2 7 Fl
TR, DUAR 1k A A0 AR O U8 8 A, 57 LR ]
T JEE 458 DR RSOM Ao 18] 9 0 28 48 DR S /2 o 9 (el R 7
T, AR E K Al ] B 458 PR K.l S 4T SR 3 T B O
AV BB D7k Z B T K A R EL KA
A UL R 2R ST R e 3
HEZW B = SR A o DR e ) P 22 i = 2
T A ST B ORETE HE B 8% R 3z 3 om0 AR R
Br 2 SR, X AR BER R R SRR A
ABLSE T Lo AU AR KRR T W5 X 4, R
FH AR 55 5 A A 0 = R % 4 i s,
S AR BOABURL (1432 2l ) 2 O B g 2y
P M I8 E 32 B 4 fioh 2 550 3 S A TR R IR 5 K b

il

T HORLALRY , 256 G 40 A0y B 3 G e e
Wik 85 | Central Composite 3256 A1 434 i 5 338 56 % &
B fol S BT A 5 38 2 HE R HEAT BRI, DA
ST AL T A O B 1 A A T OK b 2 T AR B ) L
ZHL

1 TR HFEER

BT EDEM Ay B B 05 H A AC oK UKL B
ARLT YR — B AR AR 58 B AT ] WUk
3 B LK URE 5 R0RE | JSURE 5 i Bl A BE 22 8] £
R R R DS 4 7 A A g R T A R
KR FIE e iz 2y o TR [ A RORE — BE 16 422 fik ™
PR SRR AR WA = A T B JOR TR] R4 AR A
77 B fil ot U — AN LA R s e 1B
7 o M A WA AT 2 fih DX 35809 2 fk I by SR @ A1 5
2 6] SR P B R 8 AT R

F;=F, ;+F_, (1)
Hrf F,,=F,  +F,,
F_ .= -7min(|F, | IF. )
Kb F,  F, ——ik 1 FD) i 42 fik )
F,  F, ,—3 5T 8 i 2% i i 5 1 B e )

FIURY P BELJE 77
F. , F! ——3e b by ey i) b #0152
F 3 EE 45

DI T7 1) I B O i, LTy 1) M B 4%
b B PRL T @ A BT TR v, — B

T

P ORLT i SRLT 4 i DX A 422 fih g
Fig.1 Contact force of contact area between

particle i and particle j

XEFPIAFE Al BORE T, L M A RO
KL BT R 1 3 J1 5 0 B, AniEL 2 B R AR W
b R A 2 S B W R P BH JE ARG 4 BEL e
PILIE -V R



I X H 4 AR LK T EHEOTSHT S5 E 3

B2 RT3 i ) LA 7 R

Fig.2 Geometric diagram of two particles contact
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Fig.3 Actual seed drop test
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Fig.4 Measured values of actual seed drop test
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Tab.1 Modeling principal dimension of coated corn seed
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Tab.2 Discrete element simulation parameters

- 4k
(2R S S BB I
HALL 0.4 0.5
BT i/ Pa 1.37 x10° 1.77 x 10°
W/ (grem ) 1.197 1.18
il 488 1 52 3 0 (5 UK ) 0. 65

2.2.3 PEMFERR
He B O FAL B (B 1R 25 1A 0N
yI:MxIOO% (14)

1

A B ——HERRAA O BB {H, ()
PR AL Oy BB E DR 22 TR

) S ERIEf

e
%=—;J«1m% (15) K7 A A KAl TRk A
1
. L Fig.7 Coated corn seed repose angle
L o ——RIEADFEIXEE, (°)
2.2.4  FHEEMBSHCHRE F4 RBERRH
i) Plackett — Burman 3%, L WOk ] & 2 4s Tab.4 Horizontal coding of test factors
R B v, SO ) 3 g 8 PR K o, ORI Tl 9 R - k)
N X X X
B e, SR LA KRB I D S 0 L,
1R 2% MW N {E , 3R Central Composite iz 4 B {H 70 _1 0,400 0.0750 0. 16
Bl 0 2 5 45 R 3k 3 R, AR IR A 5 52 0 0. 450 0.0875 0.19
KiEfAWE 7 s, 1 0. 500 0.1000 0.22
- . 1. 682 0.534 0.108 0 0.24
=3 EREECHEREFRRER
Tab.3 Design and results of Plackett — Burman test Ry R R BN S R,
scheme
x5 HBEARRER
%
T . - - ¥/ % Tab.5 Experiment scheme and results
1 2 3
H#
1 0. 30 0.0500 0.10 20. 18 o) v, /% ¥y /%
2 0.35 0.0625 0.13 13.32 M *2 "3
3 0. 40 0.0750 0.16 6.25 1 0.5 0.1 0.22 7.74 6.92
4 0. 45 0.087 5 0.19 131 2 0.5 0.1 0.16 3.39 7.11
5 0.50 0.1000 0.22 5 0 3 0.5 0.075 0.22 7.26 4.35
4 0.5 0.075 0.16 6.48 8. 11
6 0.55 0.1125 0.25 8. 10
5 0.4 0.1 0.22 5.86 6.29
7 0. 60 0.1250 0.28 19.63
6 0.4 0.1 0.16 2.56 3.62
7 0.4 0.075 0.22 7.53 3. 15
p e e
e 3 A O Ik A6 7 20 00 150 2% e/ A
Ja¥a R B  BUE 4 4080 hon A, o E K 9 0.53  0.0875  0.19 8.17 2.89
TH ARG S AU - LKA LKA 10 036 0087s 010 35 43
v 11 0.45 0. 108 0.19 3.62 7.56
IE3Z A
o e 12 0.45 0.067 0 0.19 6.35 7.24
2.2.5 ﬁjﬁmxﬁxyﬁﬁ% 13 0.45 0.0875 0.24 6. 88 6.74
R T AR EKFh T B BT R R EH A S 14 0.45  0.0875  0.14 4.28 5.62
B, R 1] 05 1 A2 g0 1 v T 3, DL AUR ] 5 B 45 1A 15 045 0.0875 019 195 163
e e Pt — N e \ Wb L. v 16 0. 45 0.0875 0.19 2.37 1. 84
MO ORI B BRI RV RE B R RO Lo 01 0T e
I E AT 05 B VR AP 0 T g an 3k 4 Jr 18 0.45 0.087 5 0.19 1.70 1.98
ZT'\‘O 19 0.45 0.087 5 0.19 2.24 1.76
20 0.45 0.0875 0.19 2.54 0.97

HRE =78 Wk 1A B A2 g i i, w5 22 41F 20 41




6 £~

W HLoB % Rk

2021 4

2.3 RBERDN
i i Design-Expert #{F X3 5 Bl g0 45 Rt 17
Ab P20 J5 22 0 A 6.7 P AR IO AR AR 1
TSR (I R 22 AR Ak AR X 50 {58 22 1) [l 09 5 A, OF A
®6 HRAGEEREWEERSEDHR

Tab.6 Variance analysis of response surface for

error rate of simulation value of stacking angle
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Fig.9 Calibration test of static friction coefficient
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Tab.8 Static friction coefficient simulation test scheme and results
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Fig. 10  Fitting curve of static friction coefficient and

horizontal sliding distance in simulation test
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