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Discrete element parameters calibration of Hippophae
rhamnoides based on particle scaling theory

WANG Qingze, YANG Mei, XIANG Jintian, ZHANG Qianglin, ZHANG Wenjie, LI Xvjie, HU Jingming
(College of Mechanical and Electrical Engineering, Gansu Agriculture University, Lanzhou, Gansu 730070, China)

Abstract; To address the lack of accurate contact parameters in the discrete element simulation of sea buck-
thorn leaf tea hair, a physical and simulation resting angle heap experiment was conducted to calibrate the contact
parameters of tea hair. The tea hair particles were simplified as soft spherical particles. By dimensional analysis and
particle scaling theory, the aerodynamic equivalent diameter of tea hair was enlarged from 231.37 pum to 1.8 mm.
The EDEM software was used with the “Hertz-Mindlin with JKR” contact model. The repose angle was chosen as
the response variable, and a Plackett-Burman experiment was performed to select the three most significant parame-
ters affecting the resting angle ; the tea hair-tea hair restitution coefficient, the tea hair-tea hair rolling friction coef-
ficient, and the tea hair-stainless steel rolling friction coefficient. The optimal parameter ranges were determined u-
sing a steepest ascent test. Based on Box-Behnken experimental design, a second-order regression equation was es-
tablished and optimized for the three significant parameters and repose angle. The three significant parameters for
the optimal combination were as follow; tea hair-tea hair restitution coefficient was 0.159, tea hair-tea hair rolling
friction coefficient was 0.290, and tea hair-stainless steel rolling friction coefficient was 0.239. A comparative analy-
sis between the simulated repose angle values and the real values from physical experiments yielded a relative error
was 1.97%, indicating good predictive performance in simulation experiments.
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H:H AZRZE AT (mm) ;D NREEAR (mm) ,
LB 2. 28653, TRk 4. kAL,

Note: H is the height of the tea hair stack(mm) ; D is the
chassis diameter(mm). 1. Hoops; 2. Iron support; 3. Funnel;
4. Chassis.
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Fig.1 Repose angle measuring device
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Note: R; \R; is the particle radius; & is the a-
mount of normal overlap of 2 particles; a is the con-
tact radius.
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Fig.2 Schematic diagram of contact model

of soft spherical particles
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Table 1 Parameters required in DEM simulation

i ELB 8L Simulation parameter $UH Value
IR Tea hair density 265.07 kg - m™3
ZRZIANA HE Tea hair Poisson’ s ratio 0.2~0.4

ZZ BT R Tea hair shear modulus 1.1x107 ~6.0x10" Pa
ARG Stainless steel density 7800 kg + m™?
AREAIAMA . Stainless steel Poisson’ s ratio 0.3

ANFEW B Stainless steel shear modulus 7%10'Pa
. . . - 0.1~0.5
Tea hair-tea hair restitution coefficient
. . e v 0.2~1.0
Tea hair-tea hair static friction coefficient
RE-RZIR B RY
RERRIRAERRI 0.05~0.30
Tea hair-tea hair rolling friction coefficient
e R R 10045
Tea hair-stainless steel restitution coefficient ’ ’
AN R AL
. . Coe .. 0.2~0.6
Tea hair-stainless steel static friction coefficient
R S R A ioos

Tea hair-stainless steel rolling friction coefficient

JKR 4 Hifig Johnson Kendall Roberts 0.01~0.50 J - m™>
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Table 2 Plackett—Burman test parameter list

IKF- Level
{I& Low 5 High
(-1 (1

(%) 24

Code Parameter

FoErn L ElipAa ZH
4 AR I Z B 010 020

Tea hair-tea hair restitution coefficient

Tea hair-tea hair static friction coefficient

S L,
C IR BNEEREREL 005 010

Tea hair-tea hair rolling friction coefficient

P WRGEXA
D AN Z R 010 020

Tea hair-stainless steel restitution coefficient

. K- NEWH R R 020 040

Tea hair-stainless steel static friction coefficient

0.20 040

TRE- NGRS R

F Tea hair-stainless steel rolling friction coefficient 10 020

c JKR KIfifig ) 001 0
Johnson kendall Roberts/ (J + m™)

H JEPIFEF 1 Virtual factor 1 -1 1

J JERUAF 2 Virtual factor 2 -1 1

K JERIFEF 3 Virtual factor 3 -1 1

L HEAUIA T 4 Virtual factor 4 -1 1

*& 3 Plackett-Burman i8I i& it R &R

Table 3  Design and results of Plackett—Burman test

B PR
Seidl A B ¢ D E F ¢ H J K I P%°
number angle
6/(°)

I 0 0 0 0 0 0 0 0O O O 0 31.63

2 1 -1 1 1 -1 1 1 1 -1 -1 -1 3730

31 1 -1 -1 -1 1-1 1 1-1 1 3140

4 1 -1 1 1 1 -1 -1 -1 1 -1 1 3542

5 -1 1 -1 1 1 -1 1 1 1 -1 -1 2824

6 1 -1 -1 -1 1 -1 1 1 -1 1 1 2770

7 -1 -1 -1 1 -1 1 1 -1 1 1 1 2919

8 -1 1 1 -1 1 1 1 -1 -1 -1 1 3317

9 -1 -1 1 -1 1 1 -1 1 1 1 -1 3405

M -r 1 1 1-1-1-1 1-1 1 1 3197
11 1 1r 1 -1 -1r-1r 1-1 1 1 -1 3251
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 2623
13 1 11 -1r 1 1 1 -1 -1 -1 1 -1 3145

Box—Behnken {5600 45 R W) 5 22 43 M 5% 7
JiR AT P<0.0001 , 2 BIZ R RIRYL hy B 35, 5%
ZE-NENEEEZE(F) BY P<0.05, 2 B %
GHR I R E-REWME RE(A) K25
ZRNERE(C) FKRZRWKE R IR R
B(AXC) AR Z 50— AN AN TR 2 JEE 158 R 4L
(AXF) A2 RR I ZEC R (A?) A2 RIR )
FEEEREL RN (C?) B2 - WIR B R AL
TRI(F?) B P<0.01, XA S5 R i 2, R
I P =0.3746>0.05 , F Wiz 05 HA R TC RIS
KA BRI R A MR R A i s AR S R AU CV
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=1.05%<10% , 7 W1iZ A5 Fak 5o v] SE PRy s T
R =0.997, KL IE T E R R, =0.993, Fill ok
E R R, =0.975, HAE S KT 0.9, %5 g
SR SENL, R IAE % Adeq Precision =45.081,
FW LA ARG P2 JE 2K

% 4 Plackett—Burman iX I8 77 Z 54

Table 4 Variance analysis of Plackett—Burman test

BN
P1H Herr

F value P value Significance

B e i

Sum of Contribution

28 R

Parameter  Effect squares /%

rank
A 11.867 13930  2.155 16330  0.016 3
B 0.094 0.110  -0.162 0.129  0.738 5
[ 64791 76050 5035  89.140  0.001 1
D 5.141 6.040 1418 7070  0.056 4
E 0.145 0.170 0238 0200  0.678 7
F 14906  17.030 2415 20510 0011 2
G 0412 0484 -0.402 0.567 0493 6

®5 RERFREIRITRER

Table 5 Design and results of steepest climbing test

2 WA i
Serial A C F angle Relative
number 0/(°) error/ %

1 0.10 0.05 0.10 33.49 29.80

2 0.15 0.15 0.15 37.57 21.25

3 0.20 0.25 0.20 47.11 1.26

4 0.25 0.35 0.25 52.94 8.99

5 0.30 0.45 0.30 55.56 16.45

& 6 Box—Behnken iXI§ %It RE&ER

Table 6 Design and results of Box—Behnken test

Jre P ik £

Serial A c F Repose
number angle 6/(°)

1 0.20 0.25 0.20 48.20

2 0.20 0.35 0.15 50.01

3 0.20 0.15 0.25 36.55

4 0.25 0.35 0.20 50.15

5 0.15 0.25 0.25 42.85

6 0.25 0.25 0.15 44.33

7 0.20 0.35 0.25 50.47

8 0.25 0.15 0.20 40.28

9 0.20 0.25 0.20 48.48

10 0.15 0.25 0.15 43.92

11 0.25 0.25 0.25 48.34

12 0.15 0.15 0.20 34.43

13 0.20 0.25 0.20 47.74

14 0.20 0.15 0.15 35.94

15 0.15 0.35 0.20 50.35

HRE LR AT 45 5, B 2 X005 45 F 52 A i
FIW(CxF) AL RIA R .

6 = — 42.34 + 220.54 + 276.6C + 215.63F —

302.5AC + 508AF — 544A% -
297.75C* - 768F* (26)

4 Jp A2 F g N P A X GO v T AT A
AR MTRBNEE R C) LR R T 2R 2Z MK
BARB(A) IhR R, RV Z MRS EHE R
(C) XK 1L A A 52 e B8 h0  2 F A P ) T A
A R AR E RE(A) MR RERR T RZ-A
PANR BB R B (F) 2 By R, R % 2 ]k
52 ZREL(A) MR IE FARE R 2
3.5 mRMASSHNMESRKIE

DL A AR 0k A o SR R H AR, R4
L 50 45 RS AT R W A 4 B 56, K FH Design
Expert AR AR S /9 18115 07 78 005K %, 15 e AL
RGN R -REWE REL0.159 K- 2E
RENEME R AL 0.290 5 Z - AN IR S BEE R 8L
0.239, FIHEAS A G HATIRIE A 05 il 15
BT EARIEf 48.65°, SH LIRS AR 1E M E 47.71°
FIFHXTIERZEAN 1.97% , B 5 05 Bk 5 P B
IEXTECIE , AT & Y 5 B 25 2 5 3 00 1
HeBUB SRR 1L A7 #~F — 3%, R W05 B 45 R R TR
B b, o 0 P P

%7 Box-Behnken iX¥a 25 RIMU G E D
Table 7  Optimization simulation analysis

of Box—Behnken test results

53 i
iﬁf (ﬁ Ngjaj;l I 2 Qqu:aiirjgc s a
. Freedom " Fvalue P value
variation square sum
ikl Model — 55.3700 8 442.9900 248.92  <0.0001

A 16.6800 1 16.6800  74.96  0.0001
C 361.5400 1 361.5400 1625.19  <0.0001
F 2.0100 1 2.0100  9.04  0.0238
AC 9.1500 1 9.1500  41.13  0.0007
AF 6.4500 1 6.4500  29.00  0.0017
A 6.8300 1 6.8300  30.70  0.0015
c? 32.7300 1 32.7300 147.15  <0.0001
F? 13.6100 1 13.6100  61.19  0.0002
5% 2 Residual ~ 1.3300 6 0.2225
Lfffi?ﬁm 1.0600 4 0.2639 1.89  0.3746
Pitri jir 0.2792 2 0.1396

I Sum - 444.3200 14
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(a) i B Original

(b) - fE £ 4 # Binarization processing

(c) B £k & Curve fitting

3 HERBERGEE

Fig.3 Simulation test result processing diagram

1k #f1 Repose angle/(*)

(a) AXCWi 37 T K] 4X C response surface plot

(b) A XF i N 1 P 4 XF response surface plot

B4 35 I NG R E E

Fig.4 Interaction response surface plot

(a) 1 iR 56 45 % Simulation test results
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