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ABSTRACT

The world is rapidly being digitized due to the advocacy of Industry 4.0 and the provision of IoT platforms in the
industrial world. As a result, digitization has become a central topic in the manufacturing industry. Among the
various aspects of digitization, digital twins have attracted considerable attention. However, implementing digital
twins poses many technical challenges, demanding advanced calculations, especially in the field of powders,
where the consideration of particle behavior is complex. In order to solve these problems, we have focused on
measuring the angle of repose and bulk density using the “POWDER TESTER” as the standard method for
numerically evaluating powder behavior in practical industries. This approach allows us to develop a simulation
model forming the basis of the digital twin in the powder field, in collaboration with DENSE Co., Ltd. Although
powder simulations are computationally expensive in general, we managed to perform this simulation within a
practical timeframe by applying a coarse-grained model. In this report, we report the construction and verification

results of this simulation model.
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Fig. 1 Example of DEM calculation time .
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Fig. 2 The SEM image of the zirconia powder.
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Fig. 3 The particle size distribution of the zirconia powder.
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Table 1 The measurement conditon of the Powder Teaster.
srinis (HBHZ) 1700 pm

o— ME 2.5 mm

Ab5HA 5.01 g/s

¥y TANE—7 18 mm

5 v 7 180 [1]

5y TR 60 1l / 73
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Table 2 Calculation conditions of the zirconia powder.
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Fig. 4 Simulated results of angle of repose for each rolling
friction coefficient and sliding friction coefficient.
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Fig. 5 Comparison of typical snapshots between the angle of repose measured by the powder tester and simulated.
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Table 3 Comparison of the angle of repose and the bulk
density between measured result and simulated

result.
TEA Q200 3FE [HoOhSHE
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Bras iz, MhA—KLTwbIEbhb,

WIS, ZRSM LD SHEOFEYRG R & TR R %
ER3IL, K v THRIIBITS, PESEHEOE
b2 A4 TR T o ARERED S, FEPRE T & TR R,
EWEZRL TV S Edbird, 72, HEMLE
FIVEBEMT A EICE T, BHTICE L2
1.5 B[] & EFEDHEFICA - TL HHEPHIIE 5 726

Kame LT, RISERMoRIERMIME £72L, E
R AT R  CEBRISENY I 2L —Y 3 Vg
Wizdr) 2N TE,

x4 FvECTARICL DD SEEOEIL
Table 4 Comparison of the bulk density by number of

tapping.
7 v ¥y 0 [ 60 |l 120 [ 180 M
FEHER [g/ml] 3.46 3.75 3.78 3.79
ARG [g/ml] 3.65 3.78 380  3.80
e [%] 5.2 0.8 0.5 0.3
5 &8

ARUFFETIE, RNt DENSE 2B % L 7= 4L
EFNVEBEAL, HWENEOCEHRRH CHAOE) X
RN T AT I 2L —2a vOEFIVEREL,
F7:, NSO TR ORRMA LD SEEOENHE
(EH) &, Y32l —¥ 3 v OITHEEE K
THIET, YIa2b—2aryOiEMEELRL.

KEERDPS, BERSBICBIILETFI VYA U H
WMOFERLOTREEIEE o7 E 2 DN b,

SOy Ialb—yaryTiE BRRETFICHETS

97


https://www.jstage.jst.go.jp/browse/micromeritics/
https://www.hosokawamicron.co.jp/jp/product/machines/detail/77.html?page=1&cat=8

#3# | The Micromeritics No.67 (2024) 93-98

ZRMAPHSEEOWEZ Y RIFe2s, S5%IER%
IR OB R 57 2 P TH H O BT WT b Mead
D, VIl —Y g YEFILVORBENEE BT,
LTI, REITDZY o bk - e Bl &
HoT Hiffr 2 M AAHLESLZ LT, BEEAHLWL
F—E2DRMEIZANT, WY MHA TV,

References

[1] &L #e—, B B, 7Y vA40 - v3al—Tar
XD FRFAMTORIZE 7, HI Hi#k, 59 (2019) 25-29.

[2] HH F—, m#z&;%, VXY TUNIE—IZE DK
WARDOE GO E &Gl 7, Wk T345E 54 2017)
296-304. Nakata Y., Yamanoi M., Quantitative Evaluation
of Mixed States of Granular Systems with Shannon Entropy,
Journal of the Society of Powder Technology, Japan, 54
(2017) 296-304. https://doi.org/10.4164/sptj.54.296

[3] KT, ~ B E ORI AL >y =~k
N 3IpaNG T T AT, R, 10 (2011)
53-55.

[4] AbA B, L AET], A F—F oIV TAY
[PT-X # | OFE A HFEE ", B, 60 (2017) 76-80.
Kitamura T., Sasabe S., Technical Note of a minor changed
Powder Tester “PT-X", THE MICROMERITICS, 60 (2017)

I ZRMAET

76-80.
https://doi.org/10.24611/micromeritics.2017015

[5] Cundall P.A., Strack O.D.L., A discrete numerical model
for granular assemblies, Géotechnique, 29 (1979) 47-65.
https://doi.org/10.1680/geot.1979.29.1.47

[6] 1 =k, FH ¥, MR (Discrete Ele-
ment Method) OFEBELMAHFH] ", ## LHRES,
(2018) 615-619. Yamanoi M., Nakata Y., Basics and
Applications of Discrete Element Method, Journal of the
Japan Society for Precision Engineering, 84 (2018) 615-619.
https://doi.org/10.2493/jjspe.84.615

[7] W EA, B HICE BTN K BUGE Bl 2 3R %
(DEM) ¥3al—ar0 %", HPCI ¥ A7 LF HIHF
FEREFI S, = BRI HAN AT 7e g (RIS),
(2021) hp210054
https://www.hpci-office.jp/output/hp200162/outcome.pdf

[8] Washino K., Chan E.L., Nishida Y., Tsuji T., Coarse
grained DEM simulation of non-spherical and poly-
dispersed particles using Scaled-Up Particle (SUP) model,
Powder Technology, 426 (2023) 118676.
https://doi.org/10.1016/j.powtec.2023.118676

[9] Washino K., Chan E.L., Tanaka T., DEM with attraction
forces using reduced particle stiffness, Powder Technology,
325 (2018) 202-208.
https://doi.org/10.1016/j.powtec.2017.11.024

LM & RETED B R
Relationship between Angle of Repose and Flowability

—fEIICIE, RRMARFIERIC L o THREMEZ M 2 SN2 HESHVLND 2 L H% 0w,
DS NIMEAAFAES B 728
N FFAZ® T, RL. Carr JGASRIB L2 HEIC LY, R MEOIEATH B, KH
ARBEE R &0 T HEHOM R L, B SEER E3HHEOEZ 15

RL7E 9IS, ZREAIME NI
LE LWHETE RV, —F,

LD, (ﬁﬁb

Bk 2RKOLZEDTETH S,
R1IZRTEY, NI FTFZ7°I2
EBOBGE ) T RMLfEE AR EIN TV,

L LBIzIE, &1
. CONETHREMEZFHMES 52 L3 ED

ATHEL, Zh50BATMICX > T [k

£ 2 WM A M ORI 72 1588 & RAF 2 HIBIRIFRICH 2 2 A S hTH D,

x1 REBACREBMRER 100 ,

e %4 e ] EEEE -] RO @ i M \[I /

[ 2.1 57 e | v \»éff
fbgEm 34.0 55 v % : o "/j[} LAY
ey F 36.1 52.5 fE “ ¥/

g e S 36.3 385 7 D i . AJ?

ALBE S 37.8 50.5 v 0

RarERy 38.1 59 e S
FIHFAZT) N 38.2 43 v 1 RERMEIER - ISR &
T A XAV DT A 384 36 27 0 iR LD e A

98

1972 £ 9 % 2 & p 90-97)


https://www.jstage.jst.go.jp/browse/micromeritics/
https://doi.org/10.4164/sptj1964.9.90
https://www.hosokawamicron.co.jp/jp/product/machines/detail/77.html?page=1&cat=8



