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Parameter Calibration of Discrete Element Model of Sulfur
Powder Particles for Rubber Plantation Protection

LI Chengming',ZHANG Bin'?, XIA Yuyang', WANG Yong',XIAO Xiao',FU Wei"

(1.School of Mechanical and Electrical Engineering , Hainan University, Haikou 570228, China; 2.School

of Information and Communication Engineering, Hainan University , Haikou 570228, China)

Abstract: [ Objective | Powdery mildew is a disease that affects the production of natural rubber. Sulfur
powder is often used for its prevention and treatment.This study aims to determine the discrete element simula-

tion parameters of the sulfur powder particles sprayed in the process of plant protection in the rubber plantation ,
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the discrete element parameters of the sulfur powder were calibrated.[ Methods | The repose angle of sulfur pow-
der was obtained by physical tests with BT-1000 powder comprehensive characteristic tester, andthe average
value was measured.Taking the repose angle as the response value, three parameters with significant influence
on the repose angle were selected by Plackett—Burman test, and the optimal value range of significance parame-
ters was further determined based on the steepest climbing test.The second—order regression model of repose an-
gle and significance parameters was established and optimized by Box—Behnken test, and the repose angle of
physical test was taken as the target value to optimize the significance parameters to get the optimal combina-
tion. [ Results ] The repose angle of sulfur powder measured by physical tests was 48.56°.The three significant
parameters selected by Placketi—Burman test were sulfur powder—sulfur powder rolling friction coefficient, sul-
fur powder—stainless steel rolling friction coefficient and JKR surface energy.The other parameters with insignif-
icant effect were : sulfur powder—sulfur powder restoration coefficient was 0.2, sulfur powder—sulfur powder stat-
ic friction coefficient was 0.6, sulfur powder—stainless steel restoration coefficient was 0.2, sulfur powder—stain-
less steel static friction coefficient was 0.5.The optimal range determined by the steepest climbing test were as
follows : sulfur powder — sulfur powder rolling friction coefficient was 0.1-0.2, sulfur powder—stainless steel roll-
ing friction coefficient was 0.15-0.35, JKR surface energy was 0.02-0.04 J/m*.The significant parameter combi-
nations obtained after optimization were as follows : sulfur powder—sulfur powder rolling friction coefficient was
0.17, sulfur powder—stainless steel rolling friction coefficient was 0.34, JKR surface energy was 0.03 J/m”.The
above parameters were input into the simulation software , which verified that the average value of the simulation
repose angle was 47.95°, and the relative error between the simulation repose angle and the one obtained by the
physical tests was 1.26%.[ Conclusion | The results show that the calibrated discrete element parameters of the
sulfur powder are reliable, which can provide parameter support for the coupling simulation between the sulfur
powder particles and the plant protection powder spraying device, thus providing the basis for simulating design
and optimizing the plant protection powder spraying machine.
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Fig.3 Simplified model of measuring instrument
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Fig.4 Simulation particle model
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Tab.1 Parameter range table of discrete element method

IS HfE EE 24 HfE
Simulation parameters Value Simulation parameters Value
RSN 2/ (kg -m™) BRLRERRPY — B R AT) A EE 458 2R K
2 000 0.20~0.70
Density of sulfur powder Sulfur powder—sulfur powder static friction coefficient
TRETRTARS L 030 TR ) — B R VR 0 B8 42 R K 0.05-0.30
Poisson s ratio of sulfur powder ' Sulfur powder—sulfur powder rolling friction coefficient ’
AR By DI i/ Pa X107 AR — N5 I S 2 KL 0.10-0.65
Shear modulus of sulfur powder Sulfur Powder—stainless Steel restoration coefficient ' '
AN (kg-m™) TR — AN 5 Y A EE 4 AR
7 800 0.20~1.00
Density of stainless steel Sulfur powder—stainless steel static friction coefficient
AEEHIAF L 030 TR ) — A 5 AR Bl B 4 R AL 0.05-0.55
Poisson s ratio of stainless steel ' Sulfur powder—stainless steel rolling friction coefficient ’
AN I DI/ Pa o | JKRERMIAE/(J-m™)
7x10 0.01~0.50
Shear modulus of stainless steel JKR surface energy
BRI BB 1 S 2 K
0.10~0.75
Sulfurpowder—sulfurpowderrestoration coefficient
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Tab.2 Parameters of Plackett—Burman test

s S8 A (-1) RIKSE(1)
Serial number Parameters Low level High level

A A — B B VK B2 2R B 0.10 0.70

B TRURHOASS — B ) 7 R4 2R 0.20 0.70

C T BAR — B A7 VR ) P 4 R B 0.05 0.35

D TRy NI VY e 0.10 0.60

E T RADRY — S 75 T e 2 48 R K 0.20 0.90

F TR — N5 9 VR Bl EE 45 R AR 0.05 0.55

G JKREMfE/(J-m™) 0.01 0.20

%3 Plackett-BurmaniXii&it & &R
Tab.3 Design and results Plackett—-Burman experiment

75 R1EF/(7)

Serial number b ¢ b E g ¢ " / K L Repose angle
1 1 1 -1 -1 -1 1 -1 1 1 -1 1 38.49
2 1 -1 1 1 1 -1 -1 -1 1 -1 1 47.03
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 50.07
4 -1 -1 1 -1 1 1 -1 1 1 1 -1 50.51
5 1 1 -1 1 1 1 -1 -1 -1 1 -1 42.58
6 -1 1 -1 1 1 -1 1 1 1 -1 -1 43.44
7 -1 1 1 -1 1 1 1 -1 -1 -1 1 52.13
8 1 -1 -1 -1 1 -1 1 1 -1 1 1 40.58
9 -1 -1 -1 1 -1 1 1 -1 1 1 1 46.51
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 44.95
11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 35.62
12 1 1 1 -1 -1 -1 1 -1 1 1 -1 47.86

#& 4 Plackett-BurmaniXi& S B EZ 0T
Tab.4 Significance analysis of Plackett—Burman test parameters

H I Fil Pl BHIEI
Parameters Sum of squares F value P value Significance ranking
A 3.58 1.49 0.288 8 6
B 0.063 0.026 0.8789 7
Cc 171.23 71.53 0.001 1™ 1
D 7.35 3.07 0.154 7 5
E 13.59 5.68 0.075 8 4
F 36.09 15.08 0.017 8 3
G 38.20 15.96 0.016 2 2

R (P<0.05) Rl B3 (P<0.01)
*Indicates significant(P<0.05) , ** Indicates extremely significant(P<0.01).
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Tab.5 Design and results of the steepest climbing test

T c . c NIV FART IR 22/%
Serial number Repose angle Relative error

1 0.05 0.05 0.01 30.79 36.60

2 0.10 0.15 0.02 40.25 17.11

3 0.15 0.25 0.03 48.01 1.13

4 0.20 0.35 0.04 51.66 6.38

5 0.25 0.45 0.05 58.65 20.78

6 0.30 0.55 0.06 62.53 28.77

3.3 Box-Behnkeniti&

PAFARAE A 25 0 S U5 |, B Box—Behnken 2056 547 0 17 17 73 A7 3SR SR 0, LA C (BB 4 -
BRI R Sl R R0 F (BRBER — A5 HVR S BE 152 R 80 . GUIKR R AE ) A se 240, IR 1k A o fis b ok
PP, Ry 9 B S 6 B %

%6 Box-BehnkeniXIui&it R &R
Tab.6 Design and results of Box—Behnken test

o , R
Serial number ¢ g ¢ Repose angle
1 -1 -1 0 48.74
2 1 -1 0 47.11
3 -1 1 0 46.87
4 1 1 0 50.64
5 -1 0 -1 49.31
6 1 0 -1 48.55
7 -1 0 1 47.02
8 1 0 1 49.31
9 0 -1 -1 51.45
10 0 1 -1 46.67
11 0 -1 1 45.76
12 0 1 1 51.32
13 0 0 0 49.12
14 0 0 0 48.74
15 0 0 0 48.32

27 4 BoxBehnken i S5 7 7 224347 , MR FR T4 iZ UG 1551 P=0.000 3(P<0.01) , U4 BE 40T H
i CCBRUBS RS — BB R VR Bl BE 152 R K00 L CF (BB — B A VR ) B 48 22 B0 5 B R — AN 5 S VR Bl R 4 R 4
ZEHIR) | CG B A by - it b VR 20 EE 482 R 405 TKR R REAC B30 \FG (B R - AN F IR SR RS
JKR R RESE 5100 (1) PAE/NT 0.01 5 FOBLRE K — A5 87K sh BE 48 2 80 1 GUKR R HE) iy PAEI/NT
0.05, Ui BH 1A B S ECER X OR 1B A 0 /N AS [RRE B A 52 i), UE B I A [l B R (A ik o ek, b iy
KAUTT P=0.791 9>0.05 . R E R R=0.987 8 FIE TR TE RELR,=0.965 9 8 57 RELCV H 0.65% i K H
T A,=22.657 , UL W T A5 0 ELAT W47 A 400G P DR 0 2, 5 SEBRiatlie: =2 (] R 1R 22 55/ , R A% 11 fff 1 i
e H SEBR AR O, F2 B0 T BoxBehnken i858 ELA %5 & AT 514
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R TSR AERY KRR I AR RN BT C° LRGP DA R Il AR 45 2 A T 2% 03
4 R an ke 8 B zm « KAWL P=0.693 6; 72 5t F AL CV=0.72%; P& RALR=0.975 8; K IEIRE R B R, =
0.957 6;IRBRNT L A =24.275 . AMER i ABRAE RGP SEPEAORS 66 17 T 2 20 R4 Al
HA — R R YR , 78 Design—Expert 8.0.6 8 PR i S7 n F VESBCS K Ak M A9 DL AR5 IR A -

Y = 48.60 + 0.46C + 0.30F — 0.32G + 1.35CF + 0.76CG + 2.59FG - 0.32C* - 0.067F* + 0.14G* (1)

7 Box-Behnken i3t — )& [E)AEE 75 = 534
Tab.7 Anova of quadratic polynomial model of Box—Behnken test

T ZERIR 75 FI S5 FiH Pia
Source of variance Mean square Degree of freedom  Sum of square F value P value
B Model 40.09 9 40.09 45.12 0.000 3"
C 1.68 1 1.68 17.05 0.009 1"
F 0.74 1 0.74 7.54 0.040 5
G 0.83 1 0.83 8.36 0.034 1"
CF 7.29 1 7.29 73.85 0.000 4™
CG 2.33 1 2.33 23.56 0.004 7"
FG 26.73 1 26.73 270.76 <0.000 1"
c 0.38 1 0.38 3.82 0.108 0
F? 0.017 1 0.017 0.17 0.698 6
G 0.073 1 0.073 0.74 0.4297
5%2% Residual 0.49 5 0.099
RAUI Lack of fit 0.17 3 0.058 0.36 0.7919
4[R2 Pure error 0.32 2 0.16
ST Sum 40.58 14
R=0.987 8 R ,=0.965 9 CV=0.65% A =22.657

RN (P<0.05) , *+FIR il i # (P<0.01) .
*Indicates significant(P<0.05) ,** Indicates extremely significant(P<0.01).
%8 Box-BehnkeniX a1t BFEE 5= 4
Tab.8 ANOVA of modified model of Box—Behnken test

T 2ERUR Yo7 FIH SR FiH P{H
Source of variance Mean square Degree of freedom  Sum of square F value P value
Y Model 39.60 6 6.60 53.72 <0.000 1™
C 1.68 1 1.68 13.70 0.006 0
F 0.74 1 0.74 6.06 0.039 2
G 0.83 1 0.83 6.72 0.0320°
CF 7.29 1 7.29 59.34 <0.000 1"
cG 2.33 1 2.33 18.93 0.002 4"
FG 26.73 1 26.73 217.57 <0.000 1"
5% 7% Residual 0.98 8 0.12
AU Lack of fit 0.66 6 0.11 0.69 0.693 6
4lii% 7= Pure error 0.32 2 0.16
S Sum 40.58 14
R*=0.975 8 R?,=0.9576 CV=0.72% A =24.275

*FOR I (P<0.05) , FR i ¥ (P<0.01).
*Indicates significant(P<0.05) , ** Indicates extremely significant(P<0.01).
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