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Calibration of discrete element simulation parameters of Chinese medicine
extract powders
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Abstract: Objective The discrete element method (DEM) was used to simulate the angle of repose of Chinese medicine extract
powders. The contact parameters between particles and between particles and geometry were calibrated. Methods The licorice extract
powder, the extract powders of Angelicae Pubescentis Radix (Duhuo), microcrystalline cellulose (MCC) and ethyl cellulose (EC) were
taken as the research objects. DEM was performed based on the Hertz-Mindlin with JKR Cohesion contact model and particle scaling.
The Plackett-Burman design was used to screen out the critical contact parameters that had significant impact on the simulation
measurement of the angle of repose. Then, the steepest climbing design was used to determine the best area of critical contact
parameters. After that, a regression model between the contact parameters and the simulated angle of repose was established according
to the Box-Behnken test results, and the best contact parameter values were optimized and verified. Results The critical contact

parameters selected were particle-particle rolling friction coefficient, particle-particle restitution coefficient and particle-stainless steel
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restitution coefficient. The calibration range of the built regression model was from 33.30° to 43.64°. The absolute values of the relative

error between the simulated values and the experimental values of the angle of repose for four powders were all less than 2.0%,

indicating that the established calibration method was accurate and reliable. Conclusion This article proved the feasibility of

calibrating the DEM micromechanical parameters of the Chinese medicine particle system through the macroscopic physical

parameter, and laid the foundation for accurate simulation of Chinese medicine pharmaceutical processes like powder mixing and

conveying.

Key words: discrete element simulation; parameter calibration; angle of repose; design of experiment; contact model
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Table 1 Particle sizes of four powders (n = 3)

ZFR Dio/um Dso/um Doo/um
EHERER 4.20 27.65 88.32
MHIERE R 5.49 36.23 98.32
MCC 75.30 253.60 572.90
LAY R 100.70 311.60 594.60
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Fig.1 Geometric model of angle of repose measuring device
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Table 2 Parameters required in DEM simulation

FF5 R HfE /1
1 AR R 1 500 kg'm™
2 AR L 0.3
3 ARy 100 MPa
4 AN P 7 800 kg'm™3
5 AR EL 0.3
6 NN BT I 700 MPa
7 SURL-STURL TR S R HL 0.1~0.75
8 TVCRAL - RS 7 PR 4 R A 0.2~0.6
9 TR - FTURL VR ) JBE i 22 40 0.01~0.4

10 WORL-NH NS ZE 0.1~0.75

11 TOURL- A5 A 5 PR 2R B 0.2~0.6

12 RORL-AENRENERE RS 0.01~04

13 JKR K [H B8 0.01~0.1 J-m™2
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Pk 2 ZR % ( particle-stainless steel restitution
coefficient, D). FURI- NG EELE R EL (particle-
stainless steel static friction coefficient, E). k-4
BN ) BE % R %0 (particle-stainless steel rolling
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Table 3 Design and results of Plackett-Burman test
Fe A B C D E F G/(J-m2) R IE /)
1 0.50 (+1) 0.6 (+1) 0.15(-1) 0.50 (+1) 0.80 (+1) 0.30 (+1) 0.01 (-1) 33.23
2 025 (-1) 0.6 (+1) 0.30 (+1) 0.25 (-1) 0.80 (+1) 0.30 (+1) 0.02 (+1) 44.94
3 0.50 (+1) 03(-1) 0.30 (+1) 0.50 (+1) 0.40 (1) 0.30 (+1) 0.02 (+1) 38.25
4 0.25(-1) 0.6 (+1) 0.15 (1) 0.50 (+1) 0.80 (+1) 0.15 (-1) 0.02 (+1) 35.44
5 0.25(-1) 03(-1) 0.30 (+1) 0.25 (-1) 0.80 (+1) 0.30 (+1) 0.01 (-1) 42.96
6 0.25(-1) 03(-1) 0.15 (1) 0.50 (+1) 0.40 (1) 0.30 (+1) 0.02 (+1) 34.82
7 0.50 (+1) 03(-1) 0.15 (1) 0.25 (-1) 0.80 (+1) 0.15 (-1) 0.02 (+1) 33.89
8 0.50 (+1) 0.6 (+1) 0.15 (1) 025 (-1 0.40 (1) 0.30 (+1) 0.01 (-1) 33.53
9 0.50 (+1) 0.6 (+1) 0.30 (+1) 0.25 (-1) 0.40 (-1) 0.15 (-1) 0.02 (+1) 43.29
10 0.25(-1) 0.6 (+1) 0.30 (+1) 0.50 (+1) 0.40 (1) 0.15 (-1) 0.01 (-1) 41.97
11 0.50 (+1) 03(-1) 0.30 (+1) 0.50 (+1) 0.80 (+1) 0.15 (-1) 0.01 (-1) 37.99
12 0.25(-1) 03(-1) 0.15 (1) 0.25 (-1) 0.40 (1) 0.15 (-1) 0.01 (-1) 35.24
13 0.375 (0) 0.45 (0) 0.225 (0) 0.375 (0) 0.60 (0) 0.225 (0) 0.015 (0) 38.39
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Fig. 2 Changes of particle accumulation height with time
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Table 4 Variance analysis of Plackett-Burman design and

results
ZH CFTM ¥R FE P BEMHT
A 19.23 19.23 29.82 0.002 8 2
B 7.13 7.13 11.06 0.0209 4
C 155.88 155.88 241.73 <<0.000 1 1
D 1230 12.30 19.08 0.007 2 3
E 0.15 0.15 0.24 0.648 0 6
F 6.75X107%6.75X107#1.05X103 09754 7
G 272 2.72 4.21 0.0953 5

B 3.23 0.65
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Table 5 Design and results of steepest climbing test

BH

FARRZE/%

B e o PO e mmEEn BREEMCC ZadmEec | IR
1 0.25 0.15 0.25 35.93 12.75 17.54 6.02 -2.92 9.81
2 0.45 0.30 0.45 41.43 -0.61 4.91 —8.37 -19.68 8.39
3 0.65 0.45 0.65 47.01 -14.16 =7.90 -22.97 —34.66 19.92
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5.3 Box-Behnken i3 & [E]JIHEHY

MRAE “5.27 WiHfhE R 2=, 6 B0k - ROk
WA Z A0 TR - RN R B0 R 1 2R 80 ks - AN 5 4
W R 503 A 34T Box-Behnken {36 11,

FARTF I 6. K “3.27 Wi R kAT R IE M
e, 58 WK 6.

MR 6 SL5n 2 ot |1 AL s Al AR B idEAT 4
W2 kEWAEHME, BRI 1. a=26.22—
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Table 6

repose results

Box-Behnken design and simulated angle of

5 A C D R I £/ (%)
1 025(-1) 0.15(-1) 0.35(0) 35.22
2 045(+1) 0.15(-1) 0.35(0) 33.65
3 025(-1) 030(+1) 0.35(0) 43.55
4 045(+1) 030(+1) 0.35(0) 42.09
5 025(-1) 0225(0) 025(-1) 40.15
6 045(+1) 0225(0) 025(-1) 37.28
7 025(-1) 0.225(0) 045 (+1) 38.17
8  045(+1) 0225(0) 0.45(+1) 37.67
9 035(0) 0.15(-1) 025(-1) 34.83

10 035(0) 030(+1) 0.25(-1) 43.65
11 035(0) 0.15(-1) 0.45(+1) 33.30
12 035(0) 030 (+1) 0.45(+1) 41.78
13 035(0) 0225(0) 0.35(0) 38.98
14 035(0) 0225(0) 0.35(0) 38.86
15 035(0) 0225(0) 0.35(0) 39.53
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Table 7 Optimization and verification of contact parameters

S5 M S EE RIEA a/(°) S AR
A C D RS T S PRAH FLAME ARAT R /%
AHEIREWN 0.32 0.26 0.34 41.14 41.18 41.48 -0.73
MR E R 0.29 0.29 0.30 43.62 43.57 42.72 1.95
MCC 0.35 0.21 0.27 38.18 38.23 38.79 -1.46
LI YR 0.35 0.15 031 34.75 3491 34.52 112
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FH o — P 0K 57 B R SR T A AT I8OK, AT B
AN TR A H A2 B 255 #2 . Hassanpour
RO LG T RS R A A R B S SIS 5 AN R
INKEAZR BSEOTAL I S5 5, RARATTRAR 2 il i B
N 2264 452, 7.20. 11.40 mm, 7EAH[EAIETEAKTF



23

Chinese Traditional and Herbal Drugs %5 513 %5 24 3§ 2020 12 A

* 6211

X R UK % H 43514 500 000 60 000+ 15 000
7000, 3% Hertz-Mindlin model 2 i A5 Y R 10 52 e
BE 10s, FESRBITHERS ] 2351 5804 54, 6. 3 h,
7 [) — B[] 5038 A () R0 KL A% PSS DL 155 452, 114 1)
F, SRR FRAR R, TEVRAHE A+ HA M
[Fi) (1380 5 - Radete SEP7RIGRURIRLAE 43 1 B M 0.45
0.98 2.10. 3.30 mm, Z3lKAthAi]5 B & kA
PRRLE S, RA G EARX bR 2 (RSD)
K VaFEEL (Lacey index), 45 5R3HH 3.30 mm FOKL
RSD #il Lacey fi #ih £k 5 HoAh 3 FhiURiAN[H], i B
3.30 mm FUH 5 A 3 B/ NRLAR TR TR & 3 )12
AFe ARSI SHRIEAFEMSEORE XM T, &
Wk A2 B E N 0.5, 1.00 1.5 mm, BRI
WENIEAS A, WAEZEN 0.05 mm BT, 45
FR IR 124 0.5 mm A RELE R T i L JE
RCHERR Bk EA20N 1.0 mm I, B3 HAKIEHA A
41.93° , H5REERNEDMN R 41.48° fF1(E
1.08% AR ZE s MBIk 428 1.5 mm i, &%
FEJRF PO, BWRCLE NV R RIENE U
BRI SHL,  BARRTH A A B o 5 e S 2
WeH —E M, (HEE AR E S, AT PARIE L
RITORL T B 225 SRR PR /R 2K
6.2 IEMEBHMRE

MCC &l 2 72 A o P ARk, Weis S5 12817
i F B BT, MCC (vivapur® 102, JRS Pharma,
Germany) 5 o-FULWETEIR B FEIRAAT A, R
FH ¥ 5 B A (Hysteretic spring model) 1F 3%
b AR, R RURL AR5 (0.600£0.047) mm, %
& 1406 kg/m?®, W HURL KR R0 BN 0.096 9,
T Bl EE i 228 0.90, VR BN EE#E 241 0.05; Kwan 2512
K AN 25 RE PR B2 il 1) ) SO A B Y PO L T
MCC (FMC Corporation) 5 a-FLHEIHEEEIT N,
4 MCC PR )% FE BN T 1696 kg/m® 1 IR &
N 8 GPa, JHTA LU AN B 22 3050 ) B R 0.3 A1 0.6,
AP, [FIREIE TA4ER I, B SCERF MCC #fi
SR E SRR R RIHFA 8. EEBUT
FERU R, ASE AR B AN G Rk AR K T
AR T S PAEAS R Al Bk 3%,
SEPE S ER R B AREUE AR, TESEhR
JFH o R LA i R 7T
6.3 {HEITEARE

TP LERC B 52 DEM 5 8] ) o
K. AAER T HEARTREN T ENE TS

BooeEl: 148 Intel (R) Xeon (R) CPU

E5-2620v42.10GHz flx %5 %% , 1H A &0 TP Ab #2 B

JG (Graphics Processing Unit, GPU); 2. AMD

Ryzen 2400G 3.6GHz fENAbFEZSIFHAAHA AMD

Radeon RX 580 2048SP fE4 GPU 4~ N Hifisi. fiC

B 1R H B B SUE B, (E R AR RN

BH 2 DUR AR, X 3 MR 6 BRI SLI

FTREAEL A FERS £ 20 ho FL B 2 Xt 3 f1Zk 6 Ak

SIS BT RN FEN 219 13 he AT, EFEEA S

A& GPU A B T 247 BURLE S 5 2 IR BT

7 BEFRE
A2 /E Hertz-Mindlin with JKR Cohesion

S AR 7R R OAE 4 FSC ) SR, SR B RGO TR AR

AH L G MCC N ZFE 4T 4 2 4 ol R AR 1k

F, FRIE RGBT (1 77 VR % HRHOR 1 A AL

JE S A S, L T i S H S AR

1A 2 T B [l YA AR, 35 [ VAR o A ok A 1)

Fefh S HOAT TARE AR . 4 Bl AR IE MY

5 55 FUS I B AR N R 22 B NHE 35 /N T 2.0%,

R T BT bR 8 AR n SEE . ANHIE ST BT A [ A A

RUGHAR I M HIbR 2 VSN 33.30° ~43.64° , 7ETE

] A AT e I S ST PR L A I g R S B O S A 2

B P bR, AL TR A . 07 SO

T, IgsA BRI st ets, SRk

TS GG
AR SERG IS A S B B br T 4 FRER

PEVIEHY DEM WOWL 1250, NI YRR TR

By B 2GR FE RS AR B s SR . R

ULAS A BT A (B2 i 2 B0 6 8 R 1 72 WAT N 5

Wi, T2 A ASE R e 38 R AN [] DA S ABEUL ) O AN [

bR E S 2 R A AL, Bl i fibs

SE IR I H R AR B PE R bR e, SR T CE AL

L) He 246 I U) 5 24 ) B b e A iR SR AT AR E .

FH 2 FlAS [F) A R b s 56 A BT 3R A5 S e AR

@RS, RHZ5dHE DEM S5h5 € Kk

(R 577 11
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