201842 A Z?ﬂ[im‘ *jﬂﬁ%iﬂi 5549 & B2

doi:10.6041/j. issn. 1000-1298.2018. 02. 012
KEFMEYTEEZERS UM ERE SR

ExE B o ERE HHAAE g4s &

(1 AR AR R 2 TREA BT, TN 5106425 2. 4R R RV R LT TR 2= BE, )7 JH 510642)

ZE - KRR Bl I 25 35 K R R R 2E K R 22 SO, R BLHE 5 A AR W A ) Y B o DA i L AT R 2
ol 2 B3R L A W T RS A DL AR SR 22, AR S T K RS 2 bl B 4 A A R 15 00 S B R R TR 5 K R T Y
IR ZF i B T TR i S R A 2R R B A (PR R L f B S B A ) O e, 52 T 2R R
O A P TR o — 20 e A DR R 2 R 2F R IR Sl P B RS 3 R A AR =T AR DAZE R
B3 AN BE 4 R I 45 R O B IEFR A, 068 (81 U D7 R R R g L A5 3 20 0 B 45 2R 5 R 5 2R 1 005 1R 22 08 B Rl
BN A 3 A R ZHR S, K br 2 )T 92 B AT 100 56 E , 20 91 % A [e] & K 3T B0 28 il R 45 A R 5 B0 52 5 SE
BEREAT RS Lo AT AR X R 22 35 /N T 2. 75% , 3R WK R 28 ol B0 A 20 5 52 o ORS00 A4 S A [ ) 48 0 1,
N7 1 YA TR A (] 55 K A ZE Bl 2 O bR s R o AL 5 A bl ol AR KRR 25 Rl R 45 A S DB 0 4 2R BE AT
XFEE AT X BR 22 I AE 5. 54 % LAN o 12K i 28 b B TGRS 20 e 42 Mk 2 BICRT Sy AR REORS 5 46 b e B 1Y 3 25 0 4R
2%,

KB : 2Rl IR BHEOLE; BMSEG bR

B4 S TP391.9; 0347.7 XHERFRIRAG: A X E4FS : 1000-1298(2018)02-0093-07

Simulative Calibration and Experiment on Main Contact Parameters
of Discrete Elements for Rice Bud Seeds
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2. College of Electronics Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; Rice bud seeds exhibit different physical properties from other crop seeds as high moisture
content and large length difference of rice buds. Therefore, it is essential to calibrate the main discrete
elements contact parameters of rice bud seeds with different moisture contents, and reduce the simulation
system error that caused by inaccurate parameters of rice bud seeds. Three main contact parameters were
calibrated, including coefficient of static friction between bud seeds and stainless plate (X, ), coefficient
of static friction between bud seeds (X, ) and coefficient of rolling friction between bud seeds (X, ),
through experimental determination combined with simulation test of rice bud seeds friction angle. Two
dynamic repose angles a and B and slipping friction angle y were formed with three devices, and
measured with the software In-Sight Explorer based on image processing technology. Then through
discrete element simulation test of bud seeds frictions with EDEM, the ternary regression equation
between the three coefficients X,, X, and X, and the three friction angles was established. The
experimental results of the three frictions were the correction index, and the regression equation was
numerically solved to obtain the three main content parameters. The verification test of the calibration
parameters showed that the relative error between simulation and experiment results of the bud seeds
friction angles with different moisture contents was less than 2. 75% . So the discrete element model of

rice bud seeds and the actual particle material reflected the same friction characteristics, and the
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regression model satisfied the calibration requirements for bud seeds parameters with different moisture

contents. Furthermore, the relative error of the other variety rice bud seeds was less than 5. 54% , which

indicated that the calibrated discrete element model and contact parameters of the bud seeds can be

applied to the dynamic simulation of the precision sowing device.

Key words: bud seeds; repose angle; discrete element method; contact parameters; calibration
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Fig. 1 Test devices of bud seeds friction angles
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Fig.3  Simulation tests of rice bud seeds friction angles
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Tab.1 Simulation parameters of rice and geometry

ZH KA 2 AN AT
W/ (kgom ™) 1045 ~1098 7 850
HEL /A 0.25 0.30
oY) L/ Pa 1.08 x 10° 7.90 x 10"
W ZE
(5KFE2ER) 0.42 0.52
P 45 R B
(5KAEZEF) 0.42 ~0.56 0.48 ~0.52*
TR B B 42 D KL
(5KFGHF) 0.01 ~0.09** 0.01
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Tab.2 Factors and levels of simulation test

SES
Gt RN ZER-ZERNEE ZRRRZERNR D)
TR P B X JE BB X, BESE NS X,
-1 0. 48 0.42 0.01
0 0. 50 0.49 0.05
1 0.52 0. 56 0.09
2 HEREFM
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Fig.4 Image analysis results of bud seeds repose angles

£3 FAGKEFHNEBRRANESER

Tab.3 Testing results of bud seeds frictional angle

with different moisture contents (°)
k%
,M:%?m
o 28.25 27.30 26.75 25.79 24. 05
o 40. 68 32.40 31.82 31.05 30.23
B. 28.32 24.35 23.60 21.93 20. 10
28. 40 26.50 25.10 22.30 19. 80
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Fig.5 Simulation method of bud seeds friction angles
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Tab.4 Test arrangement and result of bud seeds

frictional angle simulation

5 Xy Xy X3 a/(°) B/(°) v/(°)
1 -1 -1 0 41.35 29. 37 28. 87
2 1 -1 0 44. 86 31.25 28.07
3 -1 1 0 48. 31 34.46 29.05
4 1 1 0 49. 86 30. 63 26. 81
5 -1 0 -1 46. 04 25.29 30. 87
6 1 0 -1 49.42 20.92 27.04
7 -1 0 1 47.76 30. 39 26. 87
8 1 0 1 50. 96 33.43 29.11
9 0 -1 -1 40.79 26.58 28.71
10 0 1 -1 48.90 25.30 28.02
11 0 -1 1 49.35 33.60 28. 65
12 0 1 1 52.08 32.74 28.53
13 0 0 0 48. 68 31.39 27.96
14 0 0 0 48.29 30. 86 28.07
15 0 0 0 48.94 31.04 28. 36

BT B A [ 53 B vk ORI LA 2R o By
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Tab.5 Test data regression analysis of bud seeds

frictional angle simulation

[e] I P i

MR e ome "

W 48.292 0.352  137.129  <0.001*
%, 1.455  0.413 3.523 0. 006 **

K 1k %, 2.850  0.413 6.902 <0.001
P X 1.875  0.413  4.541 0.001 ™
%, % -1.345  0.584  -2.303 0.047 ™
xx; -2.197 0.682  -3.221 0.010"*

R*=0.915 R, =0.867

W 31.286  0.578  54.168 <0.001

K 1k £ 3 4.009  0.540  7.420 <0.001 **
B 3 -2.754  0.791  -3.483 0. 005 ™
X, %3 1.853  0.764  2.425 0.034

R*=0.869 R, =0.833

M 28.333 0.123  229.596  <0.001**
B X, ~0.579 0.169  -3.425 0. 005 **
Befiy % 1.518  0.239  6.350 <0.001 **

R*=0.813 R, =0.781

s ZRM B (P <0.01),

B RIS o B Y R R IR S R, B
0.9, KWLy RE 0 AT 5 B2 W S R AR oy 1Y
YL RBR AR S R, 38 0.8, RUTHLA 5
(LT 5 g =

TEARIE PR 2R TA 2 2 R AL 4DL 5 B S R A Y
SR AR A R R 1 RO A BR UE A o AR
L1 B Rt ShEEHEAA v WO S Al 1T )3 07 7

a =48.292 +1.455x, +2.850x, + 1. 875x, —

1.345x,x, —2. 197x}x; (1)
B=31.286 +4.009x, —2.754x; +1.853x,x, (2)
v =28.333 -0.579%, +1.518x,x, (3)

W28 3 v B 2H 5 KR I 28 b R 45 A S B il 3R
W5 45 B AE R B 204, 38 1 Matlab i [ i [8] )5 77 2
53 BEAT R A, br o AN [R5 7K 3N (9 2R A5
A AT B A% DR B 2 T — 2 o e P 4 DR R LA % 2 -
AR ER B IR 6 TR, S5 RFW, ZFRY
IR HE 3 A4S B BT #5 fih 2 B A R 22001,
PRI I 7 8 K R 28 422 floh 2 B0 s) 5 K 4R 5 K Rk AT
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Tab.6 Parameter calibration result of bud seeds with

different moisture contents

i A A %
28.25 27.30 26.75 25.79 24.05
X, 0. 499 0.520 0. 464 0.429 0.398
X, 0. 363 0.354 0.447 0.434 0.397
X, 0.028 0.016 0.018 0. 020 0.021

3 WIERXIE

i E AR T AR E T AR KRR KA 2R
iR KB B BT I 28 O T RIEC AR E S
HERRE , X AR 7 2 Bk AT 20 b BE 45 4 15 EC R IE 20 AT
G0 ABE RE Je 19 B 4 2 ROk A7 2 i B 45 0 0 IR
R PR 4 A 0 LI 52 45 2R 15 ) — 5 KR B 2
FEFEAM TSR (3 3) HEAT XTI, 4R WK 7, 7]
VA H 1 FLAE T 5 AN [R) 25 7K 4 2 b 458 A1 22 8] O AT

RT BESHRIEER

Tab.7 Confirmation result of calibration parameters

2 R E KR/ %

28.25  27.30  26.75 25.79  24.05
a/(°) 40.12  31.56  31.20 31.68 31.01
AR IR 22/ % 1.38 2.59 1.95 2.03 2.52
B/ (°) 27.60 24.77 23.03 21.38  20.50
FEXS 5 25/ % 2.54 1.72 2.42 2.57 1.99
v/ (%) 29.00 27.23 25.77 21.83  20.32
AAXS 1R 2/ % 2.11 2.75 2.67 1.97 2.63
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Tab.8 Contact parameters of variety rice bud seeds

L LIt
5% 1f B Mk EEE 179, R3S
"

1179 1179 KA 1179

TIKE/ % 26.95 27.43 27.06 24.16 27.38 24.08

X, 0.471 0.478 0.507 0.398 0.520 0.398
X, 0.385 0.362 0.389 0. 397 0.354 0.397
X, 0.022 0.015 0.010 0.021 0.016 0.021
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