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DEM Simulation Study on the Accuracy of Measuring Cup Filling

DUAN Neng-quan, WANG Jun—yuan, GAO Yong—hong, DU Wen—hua, WANG Wen—tao
(North University of China, Taiyuan 030051 , China)

ABSTRACT : Objective To investigate the application of the discrete element method ( DEM) in the accuracy estimation of
measuring cup filling. Methods Based on the characteristics of motion and energy dissipation of the millet grains in the process
of packaging, the contact model was constructed, in which mass dashpots and stiffness dashpots were specified. Based on the
model and the experimental angle of repose (34.9°), the micro—parameters, e. g. damping ratio, were investigated and as-
signed. The changes in the number of particles migrated from the hopper in each packaging cycle were calculated by the model
and regarded as characterization of measuring accuracy, where the size of cup and packaging speed were 26 mmx17 mm and
150 mm/’s, respectively. The data of the experiment and the simulation were compared. Results The simulative angle of repose
was 34.7 °, well fitted to the experimental result. At the 0.05 level, the distribution of accuracy was not significantly different
between the experiment and the simulation. Conclusion It was proved that DEM can be used to investigate measuring cup fill-
ing, in addition, construction of the model and choice of parameters were reasonable.

KEY WORDS: measuring cup filling; DEM; measurement accuracy; particles; angle of repose
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Fig. 1 Diagram of measuring cup filling
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Fig. 3 Millet stack
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Tab.1 Main parameters of simulation
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Fig. 4 Velocity distribution in stacking process
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Tab.2 Simulation results
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Fig. 6 Experiment results
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Tab. 3 Descriptive statistics
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Lilliefors Shapiro—Wilk
it df Sig. it df Sig.
S 0.089 35 0.200 0.979 35 0.732

iE  0.140 24 0.200  0.945 24 0.209

AR R T 0. 05, 3R] 2 HEHEFEA AR 24
A A IE 25 73 A 1R
2 W TG IR AT AR BT, SR F b ST
FEAS T KRR 715, 7R BF MK 0. 05 T XS 2 4144
SR — B W A KR ZE R WL 5, 4
SRR, 2 HAE R BT B E 257, W2
Wi 2 A B A g R — Sk,
RS MIAUBATHREER
Tab. 5 Independent-sample T test

F Sig. ! df  Sig. CBUI)
FEME  0.039° 0.843* 0.000 57 1
T 2EAME 0.000 50.163 1

.o« HHFZEHFER Levene K56

RIEEIA R 2 2H B0 SR S A o A AR A — 5 il
MIEZS 30, 2R ] K-S Fl Moses JES K 10 77 1%,
R 2 A 7 AR A UL (R Y A VR 5 A 25 S A
T, L RTHEWT 2 ASEEAE T HAT AR R 7301 1 B AR SOk
AT F— A gt ik 6,

®6 FSHKRE

Tab. 6 Nonparametric tests

K-S Moses
Sig. Sig. ke Sig.
5 R
wh T G B ()
0.445 0.989 54 0.209 51 0.460

F 6 IAHERY (W F KT 0.05 1,2 HEL
WA R 225 I AT LI 2 SRR B
HAR R E I —20E,

A0 /N AR URE 7 HE AR R S8 SR R b ) A B
ROMHT, LA G 92 B AR S 015 S v JORE 1Y 32
TR ESH AT EIRIE M R 34.7°, 55201 34.9°W)
B S5 A T A BORL 78 B L, D FLRBCDLAR I T
24 A FEIREASEIAE , HF0T e S2 PR e R 36 FEAR
DAAH X 15 2 A v A0 50 L T B AN () 5080 1] ) 2k 20
B 225, R Lilliefors | T K46 F1 K-S 25 iR 55
TR W A AR 0 7 LS S R ) B, T
PLIA R DIAH X 58 22 R AE (4 £ B RN 52 30 H08 HE A B A4
FAFEOR W — Sk, 455 3K 8], DEM J5 0] ] T
ST A0 ST R ARG BE 0 A 5 b 0 60 5 o e
BELJ& T 32 BELJE 1) SR 5 kR 5 55 S0 7 5 | 3 R
R 3 E Y PR BN — B R ORI AR o
TR A7 10 D 12508 S T OB AN LS 40, Sy B s i A o
IS BE S T SRR

S

(1] 58, HVRSC —Fh A sl A S RO HIEE [T, DL
T3 ,2013(6) :21—23.
MA Lei, TIAN Huai — wen. Design Study of a Automatic
Measuring Equipment [ J ]. Machinery Design & Manufac-
ture,2013(6) :21—23.

(2] S NRT ERARE. FOTBU BB I LR
BEEABTHI[J]. Kt Tl 2 B 241, 2002 (3 ) ;44—
46.
HU Ying—jun,LIU Zhi-ping, QIAN Ji—chong. Research on
Adjustable Volume Dosing—cup Type Metering Device for
Edible Todize Salt[ J]. Journal of Tianjin University of Light
Industry 2002 (3) :44—46.

(3] JEtik. & EAFLER [ C )/ AR E R — JUm PR H 4L



78 o TR 2014 4F 03 J
AT CEE 2010 :194—205. sis of Size —induced Segregation During Die Filling[ J].
ZHOU Zu - lian. Review of Quantitative Weighter [ C]// Powder Technology,2011,206(1/2) .177—188.

Weighing Technology Symposium of the 9th Weighing Tech- [11] PhHA, JEIEBE, &0 45 WOk B F S 2 (M. db
nology Proceedings,2010;194—205. o B R A, 2011

[4] ZHONG Wen-zhen, HE Ke—jing, XIA Wei,et al. Research SUN Qi—cheng,HOU Mei-ying, JIN Feng,et al. Particulate
on the Energy Conversion in the Packaging Process of Matter Physics and Mechanics[ M |. Beijing: Science Press,
Spherical Particles [ J]. Seci Tech Engng, 2009,9 (7). 2011.

1880—1882. [12] FEARFE ML ORI 42 1 Sl A HLTH i e B Al BRPG ik

(5] ik, PNE, sk, %5, PUR B HOCHIT R [ T]. 1% BT ], A TR, 2007 ,28(2) :75—76.

i@ ,2003,33(2) :251—260. YUAN Hua - xiang, PAN Po. Analysis and Calculation of
XU Yong,SUN Qi-cheng,ZHANG Ling, et al. Advances in Rev Limit of Measurement Turnplate of Pellet Full-automat-
Discrete Element Methods for Particulate Material [ J]. Ad- ic Packaging Machine[ J]. Packaging Engineering,2007 ,28
vances in Mechanics,2003,33(2) :251—260. (2):75—76.

[6]  ZEHaNS. HERR MY By BT — SRt 52 [ D . Jbat. [13] F3cfe RESC, B4, 55, — Bk e pLis sh U5
Hh [l R , 2005, SR T]. A% T/ ,2013,34(3) :77—79
LI Yan - jie. The Experimental — simulative Study on the DU Wen-hua,ZHAO Hui-wen, DUAN Neng-quan,et al.
Granular Piling Using the Discrete Element Method [ D ]. Design of a Swing—type Filling Device of Particle Automatic
Beijing : China Agricultural University,2005. Packaging Machine [ J ]. Packaging Engineering, 2013, 34

[7] SCHNEIDER L C R,SINKA I C,COCKS A C F. Character- (3):.77—79.
isation of the Flow Behaviour of Pharmaceutical Powders U- [14] #iE, EEA, TR POk & ioo: hRH e 220 KB
sing a Model Die—shoe Filling System[ J]. Powder Technol- FEOMN AL R BO 2 (1], THE ML B T, 2007, 16
0gy ,2007,173(1) :59—71. (3) :65—68.

[8] NWOSE E N,PEI C,WU C Y. Modelling Die Filling with YANG Yang, TANG Shou - gao, WANG Ju - lin. Selection
Charged Particles Using DEM/CFD [ J ]. Particuology, Methods on Damping Coefficient, Stiffness Coefficient and
2012,10(2) :229—235. Time Step in Granular Distinct Element Method [ J ]. Com-

(9] ZEM%M IFFM, R T, . ¥ A 2K e R R 52 puter Aided Engineering,2007,16(3) :65—68.

FEPE OB AT )] R 24 41, 2008,33(4) :373—  [15] RIEPR, A, 65, 5. Bk e (PRC™) FhHE 28
377. H3E IR [0 ). Mk R 2% 2540, 2011,40(5) :667
LI Xing—shang, XU Jia-lin,ZHU Wei-bing, et al. Simula- -671.

tion of Backfill Compaction Character by Particle Flow Code ZHOU Guo—-qing, ZHOU Jie, LU Yong, et al. Selection of
[J]. Journal of China Coal Society,2008,33 (4):373— Damping Parameters Used in a Particle Flow Code( PFC*")
377. [J]. Journal of China University of Mining Technology,

[10] GUO Y,WU C Y,KAFUI K D,et al. 3D DEM/CFD Analy- 2011,40(5) :667—671.

[12] ks . AR A BRIC o 07 50 ANSYS TH50 5l NI B neering Academy Journal ,2004 (4) :38—40.
[J]. BARHLI,2005(1) :55—56. [14] YIN W L. Free—edge Efects in Anisotropic Laminates under
XIE Yi—quan. ANSYS Finite Element Analysis Software to Extension, Bending and Twisting, Part I: A Stress Function—
Calculate the Stiffness of the Shaft[J]. Modern Machinery, based Variational Approach[]J]. ASME Joumal of Applied
2005(1) :55—56. Mechanics, 1994 ,61(2) :410-415.

(137 W XU, B . 6 T BT Y 30 5 28 S A RS 8 43 17 [15] YIN W L. Free—edge Efects in Anisotropic Laminates under

[J] 3 HR TR A BE 41,2004 (4) :38—40.
CAO Feng-1i, XUE Meng—jun. Modal Analysis of Gearbox
for Tank Based on Finite Element[ J|. Armored Force Engi-

Extension, Bending and Twisting, Part 1: A Stress Function—
based Variational Approach[ J]. ASME Joumal of Applied
Mechanics, 1994 ,61(2) :410—415.



