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ABSTRACT

In many industries, particle packing is adopted quite frequently. In the particle packing process, the
Discrete Element Method (DEM) can analyze the multi-collision of particles efficiently. Two types of contact
models are frequently used for the DEM. One is the linear spring model, which has the fastest calculation
time, and the other is the Hertz—Mindlin model, which is the most frequently used contact model employing
the DEM. Meanwhile, very tiny particles in the micrometer order are used in modern industries. In the micro
length order, surface force is important to decreased particle size. To consider the effect of surface force in
this study, we performed a simulation with the Hertz-Mindlin model and added the Johnson—Kendall-Roberts
(JKR) theory depicting surface force with surface energy. In addition, three contact models were compared
with several parameters. As a result, it was found that the JKR model has larger residual stress than the
general contact models because of the pull-off force. We also validated that surface force can influence
particle behavior if the particles are small.
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Fig. 2 Results of particle collision test

B-AIRE Lol ofsfiA Zh HE mEe]
g £ ok Ay 2ZPrde 7]E9
A AFEA A Zo] FE] AF
PAtell E ol s, Ao FHol wE A
o g2y Hd FHAHES AUYHA o
A S0l YA HFol B AlHddAE
o] 0o] obd A HFo] FmHTE HFo] TRE
Lq] Ulo] Oo] 5];(] = 7-]_0_ Ay ~xEy y_ﬂég}
SHOIANE, AL ] kA AR g2 AT
of olg&Hi Utk IwrHow s Wo] 2role
HertzMindlin 228 =384 HZo] X3
S7FetaL, Aol B¢ el HEFHL 00 Ik &
H2& 323 Hertz-Mindlin with JKRZH| A}
t 7129 HertzMindlin® @3} 187} FASHA
T HEo] U= AJAE7MA] Hertz-Mindlin =g Xt}
A AEZEANLTE 7HAH, ol F YA Abolo] A=
Eojgrle A gl 7|l F, EHely
A7 B & A9l el o A 23t 4
Aol sFete xHAUAE A olFor AA
AR T ARV GEtEe]l AR "EoAA Y=
AL BAPE 7hEsith 712AR0 SEAES 7Y
st Al 7HA A E mdo] o] &ollA AAE 58S
H2e A RIS, 9 HER ol b
AEFANAME Aol 7hsst 2dde AFHA

e o m

> Tt oX

M
o N2 o

e

4. Al E8lold &1

Aol Yl ARol Bol AgsE Foke o
2 dEage § 4 Ao e A
$IAE AZT W, OFe YAE AHAE B
& BeAolth. WEY Aw ohet Ao W
7 dERE He=y

Sl BA A A=FYolA

Fig. 3 Scheme of particle packing simulation



Jo
2
for

I
AN
of

D 7 AEES A, Al18H, A3s

Skl

ki
o
> ok
Lo
2
)
ttlo
f

w7 wAle] Wasch. of
H3 AYRoplAE vlolAE w9 ofF e
AAZ} AgR wel dubdel BAl W7ol AE
fe A%ds) ge wdee v HEndo]
Agsol Btk wepd, B A7elA s A7)

e Aol Agaie

A& wae o gl vmataA AastArio. o)

SH-HYE WAE ot

A Z7]e] £7] QoA Fze|g WAAFl B

A
Al
7 Mgl Fig 33 o] 271 gl YAt
A

AT FHel ol3) 2FAck
Qo] Aol kYD Sl AN ARE

RE ARy} FEAoE IS

AZVeE 2] A 0.

2RE AYE 022 FaL %— 3}05{1?} AlEd o]

Aol A8E ThE 2L

[e)
.

Table 1°] eI ch U=}

o) =1E muHo] YA ABe] YFE v 4

Qe FE A HRPom,
© @3t e e WSl BRUATL W
o

REHIAUAT} =

Table 1 Material properties and simulation parameter

Properties Unit Value
Particle size D m 0.001
Number of particles Np - 3000
Density p kg/ m® 2500
Young’s modulus E Pa 1.0E+7
Poison ratio % - 0.29
A O F
Surface energy vy N/m 00, 0.1, 02
Down Vel. of Plate V m/s -0.05
Up Vel. of Plate v m/s 0.02
Time steps t S 1.0E-6
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(d) Hertz-Mindlin with JKR model (y=0.2N/m)
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(b) Hertz-Mindlin model
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Fig. 6 Residual force acting on particles
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