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ABAQUS-based stress analysis during tablet compression

PAN Xiaolin, SHI Gengqiang, LI Xiumei, WU Shanshan

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: The finite element analysis software ABAQUS was used for analysis of stress distribution and variations in the
tablets during compression. Mises equivalent stress concentrated mainly on the edge of the model (especially in the area
near the middle model) when the power was compressed into a tablet, and in the ejection phase of the tablet, the maximal
regional stress occurred near the undershoot. The shear stress in the powder showed both positive and negative values
during compression, indicating the presence of shear stress in opposite directions. Density distribution analysis showed that
high density was distributed mainly in the overshoot and undershoot areas and in the middle model. As the friction
coefficient increased between the power and the middle model, the stress increased in the overshoot, undershoot and the
middle model while the density decreased slightly. These results indicate that an appropriate friction coefficient is essential

for the production of qualified tablets, and a large friction coefficient is liable to cause tablet damage and breakage and other

quality issues.
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Fig.1 Lactose powder model
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Fig.2 Finite element model of a convex wafer

AR R ZE R A AR G R gk
TFE b ST Y Sl 677 1) R AR R AR B R R 4
AL, T MR AN S) I EGS FEhy ESEE f KR 4
SR Y SR IE AR RS s, - HL T piv
s LR N B RN A R 525 h 20,
122 #REUEE MR ER 157 0.000 91, BRI N

41.0, 8 75 25003 60% , B 46 Je M 1 457 24 0.000 4,
WG ARION S 0.03, T BN 7 Lo 1, R PR 34 57 (1)
A, 5E LR R E 5 LR R

123 2 E Y XF LT bk 5 FsoRR R i 2 fih e
o B, QA EAE I JE M A B R ik,
FADIAT A RIE AT R, P B R A R ok



5 W& A, 55 T ABAQUS A BRI A I E4H i b 14041 - 491 -

& SCHE AR, e LSk Rk AR 2 18] 89 46 F I 4R
FE S TERIIRIS AP 108 T 5 1 42k, F A0 3R
bk B B, 5 Z AR R — i
Sk DN THT, e FEORR TR 09 7 v, AR AR SO sk SR A L
P A AR EAE

1.2.4 A FEN WENRSM, AT E T 280, feh A
Setrh E R E RN AT S R
()T Uh B 2y, DX R FUME R AR, 76 5% L[l 1Y
JEIVEUEIS -9 800, RISHEE Ty AME . AL 551,
TERTAR IR 2D s i H b bR s i 1 2SR AH
], B R AU, v [ o, PSR iy 3
Sl SR XRS5 e SRR e
e R i X O TR iR AR A,
RIS b TR PR SIS A AN BERERI LR A]
o 1EZAY |34 Displacement (117 ) /Rotation (5451,
SERAILRI RIS 5, 78 a5 Bt sk, I
U2=-1.587 mm, Bl b s 1.587 mm; TP fifpA
N SR TEMR R AL rh AR S B S 5 A, U2=
2.587 mm, RJ_L P fE EREA TR IR 5 B U2=1.000 mm,
BRI w350 00 g A die i A IR i ( Ampli-
tude) , AIEFEFAE X (Tabular ) , 3% EAR SIRIF A
% (4 Time/Frequency=0, Amplitude=0; 4 Time/Fre-
quency=1, Amplitude=1),

2 AESHTHERDT
KRYIIPE SN o I NI T SN (N
Tt 34K BE Y Mises 558410 1 7341 2= L, Fedi Tl L

& B, ARG R, ppoASE RS (4 B2 77 R R 5
TAE P 7R TT S DU A P 7B

b: Maximum

a:Non—compressed c: Tablet ejection

compression

&3 Mises FMN A HE(1=0.2)

Fig.3 Mises equivalent stress distribution nephogram ( £ =0.2)
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Fig.4 Shear stress distribution nephogram ( £ =0.2)
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Fig.7 Shear stress distribution nephogram under different friction

coefficients

Pl 8 7 foe K e i it 1 AN [) BE 485 28 M 1) 4 B 7

A, N Rl AR R 50 5 o ) B AR
G B DXIC, o002 fR T T A e A PR A g
BE 2 [R] A JRE 45 1 RS A A Sl PR 22 , M 1 B Ry
RUERR AR R . nT DIBR A Y, R A OO
WP A Y 22 (B R

b: ©=0.3 c: =04

a: n=0.1

E8 ETREZEANTEENNHEE
Fig.8 Density distribution nephogram under different friction

coefficients

FATrT LA AT 4598, B AR AE g0k 4 B 2 i
I , Mises S50 A7 T ik 22248 TR L
S, JUHIR ST PR X8, 76 B T B B, D A
JRARE I A XN g fe KA o TR 1A PN 78 4 BT 47
IO 3 5 BRAE SR, Ul WA 85 V1R 77 18 75 1) A7 AR AR B
ATE L. 8 HE R 2 AT 2 DL R v LR R
S AR HLAOR o B pA g HoA 22 i) £ B 42 2R
PANPES o i € o0 R U L e e O T RS W NI o -
PRAE /N o AT ARG G B8 1 4 1 BE 5 R B4 fE
5 T2 G M R 7R R R EE 35 2R 0B AR 19
NG 7= AR R R RS AT S Al

Zead bR A BR IT AL LA S S bR 4 AR i AR 4y
B, A 2R 4598 . (1) A 3Gl ot iz H A RT3
ABAQUS, >k H 1% IF. Drucker-Prager {9 A f4) # A4 | 1]
DRGRTR IR Ve R AU P FEU N i i B S G X
1B BES K R R 7 B T2 By e A A 2
HBEAS AR, [ AL AT DL 4 1 i T el 4 it 4
S5 (2)BEE F R R B4 R 40 07 e 6 T2
YK AR 0 4 i RIS T B4R S IR 5T . BARAR SC
i T A BRIT BT RS T IR AR 46 A ¢



5 W& A, 55 T ABAQUS A BRI A I E4H i b 14041 - 493 -

B S E R EOC R (HIFAS BRI 2 2 4 R 25 0y
KA PEME T 525k R I R 4G R REZ I C &R
A BR300 i 20 el i v 3 ) O EEVE H
TE S B A v S A A 2 5 SEBR AT H A I 4
Wo BT LI g eE R, FR B AR Al iR A A
it FE 5 A PR R 2 W R B R TR ST
TRIFN; RS, MR ik 7 et 7 it & LA S
77 AT BEAETE Y S PR ) A 8 25 5 (3)FE R
Rk AR B R ppA rh S R AR R PR AR |
SAPEARTE R F- MR BB A o i ) e
52X LRI G IEA PRI KA 5 R & A4, o
X SR o 5 el e K P SR A AR AT i . SE
K & 1E Drucker-Prager £ | GEA5 AR 4 s iff 55 #3 A
B e PR BT, P i 3k R v eT e 2 R A R )
AL, 2 0] DL 4B R O B SRR LR SRR
FAE T TR E B B R R GEAE O, 2R TR e uE TR
TR 48 R A AR O, S it b Iy, A5 &
AR RS NN . (2R TR A S R
Z%, FRIS I Ukt FORARYE T FRATIA 118 Bl 2544, Of
b —SEFRATT OB ok ) S R A R L T A
L, FEANBENE 2 X A B 254 T B AR I
(4) SRMTAS SCRIFGE J7 i HJR T X /NI R R 1A g A5 42
WEFE , 25 R A oA BT IR R R LR ot
PRI e 2 i — DA ST e KRS A 7 3l A v i R 1)
Ykl Z B R R . [RIEH AT bt — D5
K AR 53 —F S5 AL R J5T 22 (] %) 56 22, DABHOUE AT 23
A7 JE R B I , SRR A BB T A TN R A T Ff A A 1Y)
AN i

(5% k]

[1] SCHNEIDER L C, COCKS A C, APOSTOLOPOULOS A. Ceramic
comparison of filling behaviour of metallic, ceramic, hardmetal and
magnetic powders| J |. Powder Metall, 2005, 48(1): 77-84.

[2] FREEMAN R E, COOKE J R, SCHNEIDER L C. Volumetric dosing
efficiency in relation to the bulk, flow and shear properties of powders
[A]. UK: PARTEC Congress, 2007.

[3] KACHRIMANIS K, PETRIDES M, MALAMATARIS S. Flow rate
of some pharmaceutical diluents through die-orifices relevant to mini-
tableting[ J 1. Int J Pharm, 2005, 303(1-2): 72-80.

[4] &2, 15 24 AR R B A R T2 a3t ], AT

[& 25,2004, 17(3): 224-225.
FENG Y M, XIU Y M. Discussion of decocting process of paste for
label on vials for injection[J ]. Heilongjiang Medicine Journal, 2004,
17(3): 224-225.

[5] SINKA I C, CUNNINGHAM J C, ZAVALIANGOS A. The effect

of wall friction in the compaction of pharmaceutical tablets with
curved faces: a validation study of the Drucker-Prager Cap model
[J]. Powder Technol, 2003, 133(1-3): 33-43.

(6] ZFJF, TA. X THkAe kR 0y LR R A RE 005t 35
[T, BAIAIAS &, 2011(20): 17.
LI D, DING C. A study on the influence of processing parameters on
the quality of tablets [J]. Heilongjiang Science and Technology
Information, 2011(20): 17.

(7] xl&k, #E, BB . KA & A2 P o IR A A 222 5 % [T
FHH 01 #7348, 2007(22): 40.
LIU J C, ZHENG Z, YANG G S. Common problems and treatment
methods in tablet production[J ]. Science and Technology Consulting
Herald, 2007(22): 40.

(8] X F. P20 A EK AT xR PR MR T R [T]. 4k
EF#F,2007,21(33): 92-94.
LIU M J. Problems and solutions in tablet pressing process of
traditional Chinese medicine [J]. Continuing Medical Education,
2007, 21(33): 92-94.

(9] 3RS, o536, B ARh) A A =3 A2 b A2 25T A AY i e 4 e
[7]. ¥ B A, 2013(A36): 185.
ZHANG G Y, SHI X Y. Solutions to the problems in the production of
solid preparations[J ]. China Venture Capital, 2013(A36): 185.

[10] A&, Bk, fokdt, F. A EE B ARN &, REEKSGY
HFAKE[T]. AR B L3, 2013, 12(3): 134.
LICIJ,LIZY, CULYY, et al. Dissolution in vitro and bioavailability
in vivo[ J]. Health Required, 2013, 12(3): 134.

(N EBS, 4, T—, % FURAF AR R a9 R A5 R[], RS
#5064k, 2012, 27(2): 107-110.
REN X W, WANG W, DING Y, et al. Property of direct compression
on co-processed excipients| J ]. Drugs & Clinic, 2012, 27(2): 107-110.

(121 1B BT, MR &, 36 2 %2, 5 . A& T 15 1 Drucker-Prager Cap #4149 &
oy KRG A RAH[T]. PEEZS T kL&, 2013, 44(1): 88-94.
SI G N, CHEN L, SHI H Y, et al. Finite element analysis of
pharmaceutical powder compaction with modified drucker-
pragercap model[ J|. Chinese Journal of Pharmaceuticals, 2013, 44
(1): 88-94.

[13] A&, K& Bk, 440 2%, 4 . A& T 15 JE Drucker-Prager Cap £ 2! 49 4>

By RIEIRIEA R N EAGLHATT]. F BA €48 FR(GEIUR), 2013,

23(8): 172-180.

ZHOU R, ZHANG L H, HE B Y, et al. Numerical simulation of

residual stress field in green power metallurgy compacts by modified

Drucker-Prager Cap model[J]. Transactions of Nonferrous Metals

Society of China (English Edition), 2013, 23(8): 172-180.

SINHA T, BHARADWA J R, CURTIS J S, et al. Finite element

analysis of pharmaceutical tablet compaction using a density

dependent material plasticity model[J |. Powder Technol, 2010, 202(1-

3): 46-54.

[15] SINKA I C, CUNNINGHAM J C, ZAVALIANGOS A. Analysis of
tablet compaction. II. Finite element analysis of density distributions
in convex tablets[ J]. J Pharm Sci, 2004, 93(8): 2040-2053.

[16] WU C Y, RUDDY O M, BENTHAM A C, et al. Modelling the
mechanical behaviour of pharmaceutical powders during compaction
[J]. Powder Technol, 2005, 152(1-3): 107-117.

(Y%t TR )

[14

[



