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Finite Element Analysis of Wet Granule Compression Using a Density-Dependent Modified Model
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Prediction of wet granule compression process is significant for the industry. In this study, finite element method
(FEM) simulation using the modified density-dependent Drucker-Prager Cap model (mDPC model) is performed to
improve the deviation of actual stress values from calculated stress values of wet granules under compression. FEM
simulation using the DPC model is also performed as a reference. The results show that the axial stress at the top
surface and the radial stress of the wall obtained from the FEM simulation using the mDPC model were more
consistent with the experimental values than those obtained by the DPC model.
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Fig. 1 (a) Image and (b) FEM model of compression test
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(c) 1.6 g/cm?
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Fig. 2 Compression test data (\/jz vs. 1}) of wet granules with compression up to (a) 1.4, (b) 1.5, (c)
1.6, (d) 1.7, (e) 1.8 g/em’. The inset in panels (a) and (b) shows an enlarged plot of the high
1, region
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Fig. 3 Fitting results (dashed line) of (a) stress values obtained from compression and
shear tests, (b) loading &py-/;, curve, (c) unloading \/J_Z-Il curve and (d)

unloading stress-strain curve

Table 1 DPC parameters of the wet granules determined by model fitting of compression and shear tests data

Density [g/cm?] E [MPa] v[-] w[-] R, [-] R [-] X, [MPa] o, [MPa] o[-] Wi [-] D, [-]
1.0 3.0 0.01
1.3 3.0 0.01
1.4 16.893 0.013 0.14 0.8 0.01 —-0.05 0.0012 0.6 0.47 2.1
1.5 79.187 0.169
1.6 141.48 0.325
200 05 DPC E7V X 1) AR5 B I8 C O SR il & FHE i o e
180 ¢ E 1 045 AINEL o Tz, 72721, mDPC EF VORI TIZ
160 || —y 1 04 FEERTIIR SN RVIS D OA#M L EADHRATE 5 (Fig.
140 | “— 103 50 d=15glem’ i), T, E & v Z2AERICE
| — o BR-ZEDPRKEZEZ ONS, EPXZA &% T
S w0t { 025 T A= Zdt I LSS 2 EATENR, D
@ w0l Loz — AWM ERARRONGL BB EEL LN,
6 | {015 Fig. 6 |2 DPC €7 )L & mDPC €7 )V CalME L7z, d=
40 1 o1 1.6 glem® F THEAGfE, $RE L 72RO IRBEMARE O % 555
20 | 1 00s fi % 7R”¥ o Fig. 6 (a) XV, DPC EF IV TlEEIVEHHL
0 : : ‘ 0 (Fig. 6 (@ DY I 2L —¥ a3 VIEEOET) TEENEL
! 12 4 16 '8 o TWADS, BERS.9,13[I2B WV TIZHLERTHOZ D X
d[g/cm?]

Fig. 4 Density dependence of Young’s modulus and Poisson’s
ratio used for FEM simulation
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Fig. 5 (a) or and (b) oy obtained from the compression test (solid line) and the FEM simulation using the
DPC model (dotted line) and the mDPC model (dashed line)
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Fig. 6 Distribution of the density as estimated by the FEM simulation using (a) the DPC and (b) the

mDPC model
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e FBREO B L B b L EMHRTE 2. 5,
BERMDI8T 2 — 7 ZEREICRKD L 2 EXTE, AR
HEFNVRAPREHNT/8T X — 7 ZlifEIc 2L s
5 ETEME, FEBE L FIREMEOTHEL S 5128
HEITDHLEEZOLND,

Nomenclature

Ap : contact area between wet granules and wall at the

vertical center [mm?]
D, : hardness parameter [MPa™']
E : Young’s modulus [MPa]
f : unconfined yield stress [MPa]
Fr : sum of wall forces at the vertical center [N]
G : shear modulus [MPa]

Vol. 61 No.9 (2024)

1, : the first invariants of stress [MPa]
J, : the second invariants of deviatoric stress [MPa]
K : bulk modulus [MPa]
k, : slope of unloading \/72-11 curve [-]
k, : slope of unloading stress-strain curve [MPa]
R, : cap parameter of the cap segment [-]
R, : cap parameter of the transition segment [-]
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. hydrostatic pressure yield surface

: limit of the volumetric inelastic strain [-]

. friction coefficient between powders [-]
: volumetric inelastic strain [-]
: logarithmic strain [-]

. friction coefficient between powder and wall [-]

o

0y
OR
Or

T

References

A. Tto, H. Onishi, K. Yamamoto, Y. Machida, Evaluation of
binders in the preparation of medicinal carbon tablets by wet
granule compression, Chem. Pharm. Bull. 58 (2010) 359-
362.

M. Fujita, S. Himi, M. Iwata, Stabilization study on a wet-
granule tableting method for a compression-sensitive benzo-
diazepine receptor agonist, Yakugaku Zasshi 126 (2006)
315-319.

Japanese Patent No. JP2018-6277491B, 2018-1-26.

Japanese Patent No. JP2018-6284020B, 2018-2-9.

D. C. Drucker, W. Prager, Soil mechanics and plastic analy-
sis or limit design, Q. Appl. Math. 10 (1952) 157-165.

A. R. Muliadi, J. D. Litstera, C. R. Wassgrenb, Validation of
3-D finite element analysis for predicting the density distri-
bution of roll compacted pharmaceutical powder, Powder
Technol. 237 (2013) 386-399.

K. Mizuta, Y. Taniguchi, Finite element analysis of iron
powder compaction for prediction of clack occurrence using
Drucker-Prager Cap model, J. Jpn. Soc. Powder Powder
Metall. 66 (2019) 405-412.

(8]

(9]

[10]

[11]

[12]

[13]

: Poisson’s ratio [-]
: normal stress [MPa]
: cohesion [MPa]
: radial stress at the wall surface of the cell [MPa]
. vertical stress [MPa]
: shear stress [MPa]

C.-Y. Wu, O. M. Ruddy, A. C. Bentham, B. C. Hancock, S.
M. Best, J. A. Elliott, Modelling the mechanical behaviour of
pharmaceutical powders during compaction, Powder Tech-
nol. 152 (2005) 107-117.

L. H. Han, J. A. Elliott, A. C. Bentham, A. Mills, G. E.
Amidon, B. C. Hancock, A modified Drucker-Prager Cap
model for die compaction simulation of pharmaceutical
powders, Int. J. Solids Struct. 45 (2008) 3088-3106.

T. Kusano, M. Tani, H. Nakamura, Modeling of differential
speed rolling of powder, J. Soc. Powder Technol., Japan 58
(2021) 540-545.

T. Kusano, M. Tani, H. Nakamura, Finite element method
simulation of wet granule compression, J. Soc. Powder Tech-
nol., Japan 61 (2024) 9-16.

ANSYS Inc., Theory Reference for the Mechanical APDL
and Mechanical Applications; ANSYS Inc.: Canonsburg,
PA, USA (2009).

S. Ohsaki, K. Kushida, Y. Matsuda, H. Nakamura, S.
Watano, Numerical study for tableting process in considera-
tion of compression speed, Int. J. Pharm. 575 (2020) 118936.

LIRS





