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Figure 1 Force versus time plot



Figure 2 Input parameters for simulation of rotary tablet press

D1, diameter of turret; D2, diameter of pre-compaction roller; D3, diameter of main compaction
roller; 01, angle between pre-compaction roller and main compaction roller; 62, angle between
main compaction roller and beginning of ejection ramp; 03, angle between main compaction roller

and end of ejection ramp
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Figure 3 Typical compaction profile on compaction simulator



Table 1 Data obtained from compaction simulator
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Table 2 Input parameters for simulation of rotary tablet presses

Rotary D1 D2 D3 o1 2  p3 Number
tablet press (mm) (mm) (mm) € ) ) ) of Punch
P punches
A 410 250 250 68 10 46 35  TSM-B
B 665 210 210 40 21 32 45  TSM-D
C 425 240 240 64 20 59 38 TSM-B

D1, Diameter of turret; D2, Diameter of pre-compaction roller; D3, Diameter of main compaction; 61,
Angle between pre-compaction roller and main compaction roller; 62, Angle between main compaction

roller and beginning of ejection ramp; 63, Angle between main compaction roller and end of ejection ramp.

Table 3 Compaction condition for comparison of compaction behavior

Punch separation (mm) Rotation speed
Pre-compaction ~ Main compaction (rpm)
3.4 1.3 45
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Figure 4 Lower punch force versus time plots. Solid line, rotary tablet
press A; dashed line, rotary tablet press B; dot line, rotary tablet press C
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Figure 5 Physical property of tablet, i.e., Thickness and Hardness
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Table 4 Compaction conditions in various rotation speeds

Punch separation (mm) Rotation speed

Pre-compaction ~ Main compaction (rpm)

3.4 1.3 3

3.4 1.3 20"

3.4 1.3 30

3.4 1.3 45

*: Data was obtained in rotary tablet press B only.
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Figure 7 Relationship between rotation speed and compaction velocity in
main compaction phase. Circles, rotary tablet press A; diamonds, rotary

tablet press B
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and tablet physical properties. Circles, rotary tablet press A; diamonds,
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EOHE EWMEELEMEERIALX—0BEFAME

JEAGHRE DN MIEROEMREICA A SIN 2 =RV — (MEOBEER
FNNFX— LT R LT NCED X HITEEST DML 7=,

B1HEH BWHEZXLX—
JERE R TE TliL, MR —E D OREME K Y, Figure 9 (27~ MR W A

TN N D, ZOEMRIET A 7V X0 EMERIEE D D% 2o x
N —ZHMHAETH D, AL TIE, MK XL —IZEFH L, 7F

12



i 247 > 72, BV = RV F — (T JE M TP BF O 8y (8 O BVEZETE O L IS 22 L
ENDERTZRLF—LLTRIND O,

Plastic energy

Force (kN)

Of-——====
o
3

A
Punch separation (mm)

Figure 9 Typical compaction cycle on compaction simulator
B2 HEMEELEHEXLIY—OBEERE

JEMGEHE 2B Z B OMME T XL X —~O B %2 54 % 72D, Table 4 I
AT CHELZBEBOARERREICE ﬁéfﬁﬁ&kﬂ@i*wﬁ )
R & 5FAM L 72, Figure 10 X U, Mg B & M= L X —(1TIX R MENR
DAL, JEHE AR & W, f&b%&%ﬁ%ﬁﬁmﬁf,ﬁﬁizw#
R&EL e B A D FEFR S v, Figure 11 1213, ﬁ%x%w¥~kﬁﬁ%ﬁ
(E, W)Y OBKREZRT, ZNOLOREEZEDLDED &, WD XX —
MR EVIT EEARE R, B EITIRW & F 2 5, BLE Figure 10, Figure 11

DFERIY, JEMERE N ENFHFIZBWTIL, EMAEICHEE I D8
TRAF—IIREWVICHEDLL T, EMAEIETE <, 88 H 5 E 23K 52 Al
(EHENEL, HEMOW)RHELND Z EBNRENTE, £ 2 CREITIX, E
Mg B TE DR DEWIZ LY, EMRIEROREOZEEH N D LS5 ITEL,
PEAIFFPEDE NSRRI NEREH#ED -,

13



9.8 -

9.6 - O ¢
294 - P ¢
592 -

S 9.0 -

)

= 8.8 A

sa {8

8.2

OA

o

0.0 1.0 2.0
Compaction velocity (mm/ms)

Figure 10 Relationship between compaction velocity and plastic energy in
main compaction phase. Circles, rotary tablet press A; diamonds, rotary
tablet press B
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Figure 11 Relationship between plastic energy in main compaction phase and
tablet physical properties, i.e., thickness and hardness. Circles, rotary tablet
press A; diamonds, rotary tablet press B
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Figure 13 Effect of compaction velocity on powder behavior in the die
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Figure 14 Relax time in the force versus time plot
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Figure 15 Relax time when rotation speed is set as 30 rpm or 45 rpm. Black
bar, rotary tablet press A; gray bar, rotary tablet press B
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Figure 16 Effect of compaction velocity on tablet physical properties. Pre-, pre
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528 FTEEHER O BER KM D LB

AR THAM U 72T 8RO IE R 2 Table 5 1T/~ 3, FIEEM AIZH 1 & T
M L7248 A SR CTH D, FTEEM B ITH 1 L TR EELZ v
TRl 217 - 72,

Table 5 Input parameters for simulation of rotary tablet presses

Rotary DI D2 D3 0l 02 p3  Number
tablet press (mm) (mm) (mm) ) ) ) of  Punch
punches
A 410 250 250 68 10 46 35  TSM-B
B 290 180 180 76 46 62 20 TSM-B

D1, Diameter of turret; D2, Diameter of pre-compaction roller; D3, Diameter of main compaction;
01, Angle between pre-compaction roller and main compaction roller; 62, Angle between main
compaction roller and beginning of ejection ramp; 63, Angle between main compaction roller and end

of ejection ramp.

FIoefk 2 A H T 5882, BEZRITEEOITEESMIX, EHaifI o it &
Al CEGEEIC 2 2 RO IR E AR ET H 2 ENZ NS, 22 TET, Table 6
ICRT K DI BEHE A OFTEESIE 2 51T, BEE %2 Hb¥ T EEM B o [H#xH
Erkd, BE—Eh7ae 7740, ROEABFEOLEZIT->7-, B, T
JE, RIESRMITFTREE A R T & L, SEAIEEIX 325mg [Z3% & L 7=, Figure 17
WCRTHREM —E 77 7 A VXKD, T8 BIX, TIEKTHOAREMRIKBET
DOFEFEFMNFTEEM A L L CHEVWZ e B8R SN, £72, RUEETIE
HDHD, KREIZFTHEE B THFIRWEE 25 Z ERBlE I, 8EAIEA &l
FE % bede U7 fE R % Figure 18 1277, FIHERE A I ~FTHEHE B TIL, SEHIE
HMNEL, BENMEWEE AR Sz, ZOMEIE, MK A, B TEMRK
N Rpb-deEzOND, 2, HEEZ2AEDLY CHESELZRD D)
BTk, FTEERE A, B THEMKELEZ G b, FZEOEFFFFEES D 2 & 0Nk
LWZEERLTWD, ZITKRELD, FIEEE2 LT LA E%RITHEKICE
WTC, AW ERI%EOSEEAIRENSE SN D RET SN2 T 2 TiE 2 EE
T H, FEx O E1T o 1=,

Table 6 Compaction condition

Punch separation (mm) Rotation Peripheral
Rotary - )
Pre- Main speed velocity
tablet press . .
compaction compaction (rpm) (mm/s)
A 3.4 1.3 45 966
B 3.4 1.3 64 971

Peripheral velocity (mm/s) = Rotation speed (rpm) x D1 x © / 60
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Figure 17 Lower punch force versus time plots. Solid line, rotary tablet
press A; dashed line, rotary tablet press B
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Figure 18 Physical property of tablet, i.e., Thickness and Hardness
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#Fohd, ZhE, BMEOEMBIZIZEDLS BWORHE, EORNT 5T
WA DR FRETH Y, Figure 17 12T X IR Z L7 v 7 7 A JVIdFs
B0 Bip s, MM & SEAIFFME O BIFRIX, Figure 3 IZ/ R HEfE] — £ 7
n7 7y ANK0 RIS EMEERRERE (Dwell time)Z AWM I b 2 &
MEZWD, BERDIEMRIZICIE, EM SN DKM O A TIE R, ZOBRIZHE
W DEN B EERIFFEICRE T HIEHEERNNTA—FLEEIDND, £ TH
FlL, MEOEREEY OKERH], FOEEAIFE~DOEEL MM T 5720,
W—Eh7ae 77y A VD7 a7 7 AL FHEfE (Area Under the Curve; AUC)IZ
EHH L,

Table 6 [Z/RTHTEESM THEE L 72 BE DO FT 828 A, B O AUC % 45 [T il B 1t
FECL# L= R & Figure 19 (2783, Figure 19 (21X, FJE, AJE@FE D AUC,
LORENLOFHERT, MAB LTS &, FTHEHE AIZBIT 5 AUC 23T 8
BBITHEARKRE WD E0NMERE SN, X, Figure 17 Ol —E /7 m 7 7
AR END X DI, FIEEM B LI U THEEKR A O TE, KEBERIZE T
HIEAMGICE T DR AR <, EMRIERICHERIZH N DENNRREL, Zhb
DFEWND AUCIZBRS I TWADTed EBF 2 bivlc, £72, 5K A, B D AUC
DAEFZTIEWBICHEAREBREO FRRE N E0N#ER ST, UIEOFEMT
X, EMERE 2RO AUC 2R T TE, REEREOEEF O AUC (AUC Total) &
(AR R P
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Figure 19 AUC in each phase. Black bar, AUC in rotary tablet press
press A; white bar, AUC in rotary tablet press B
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B2 FI8ESM L AUCTota DEIFRME

HIEE Y, B —E N 7m 77 ALK EH I D AUC 3 FT8ERHE A, B D&
MERIEEDENERZTHEIEL L THWDI I ENTED I LN RENTZ, £ T,
FIEesett (P, AE, BlEREE)Z 238, 2458 AUC 1otal 1252 5 B2
(2D TR L 72,

Bk & 7o FTBE SR CTHTEE L 72 B D AUC Totar & BEHI R E O BAFRME 2 FRT 3 2 729
Table 7 TR+ EBREEED 1 D TH DL OLHEAZE (Central Composite
Design; CCD)D 7 EIRIZE SN THEESRHEEZRE LT, &/3T7 A —F DL
% Table 8 IZ/”RT, WHEIFEIZ ﬁéb FI8E L7k R, ROFTEEMBICHEKSETHEHL
72 AUC 1otal & Table 9 (27”9, @, T, Kfi LWET*?U)#FE‘EFHWW%
TEST L2 LX) BHOHEICEET 525, EICHRE I N5 HRDRESEIC
D, HTERES S L HD D k75>%u%zhfb\é’> AFHHIC BT, Table8
WCRTRMBEZHELE LCHEL, HTORELOXDNHRINTZN, A0
SIS UTHTEENTE 5 2 R MR SN,

Table 7 Arrangement of the CCD for the three independent variables
Variable levels

Run

NO Pre-compaction force Main compaction force Rotation speed
' (x,) (x,) (x4)
1 —1 —1 -1
2 +1 —1 -1
3 —1 +1 —1
4 +1 +1 —1
5 —1 —1 +1
6 +1 -1 +1
7 -1 +1 +1
8 +1 +1 +1
9 -1 0 0
10 +1 0 0
11 0 -1 0
12 0 +1 0
13 0 0 -1
14 0 0 +1
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
19 0 0 0
20 0 0 0

23



Table 8 Independent variables and their levels for the central composite
design

Coded variable levels

Variable Symbol 1 0 1
Pre-compaction force (kN) X, 1.5 2.5 3.5
Main compaction force (kN) X, 13 18 23
Rotation speed (rpm) X, 10 30 50

Table 9 Experimental value designed by the CCD and the response, i.e.,
AUC Total

Variable levels Response
Run Xy X5 X3 Yy
No. Pre-compaction force Main compaction force Rotation speed AUC_ |
(kN) (kN) (rpm) (N - s)
1 1.6 12.8 10 2459
2 3.4 13.1 10 2750
3 1.6 24.1 10 4700
4 3.4 23.9 10 4885
5 1.7 13.1 50 398
6 3.4 12.9 50 414
7 1.7 22.4 50 692
8 3.6 23.6 50 766
9 1.6 17.9 30 1095
10 3.5 17.7 30 1161
11 2.7 13.3 30 879
12 2.7 22.8 30 1439
13 2.5 18.3 10 3684
14 2.7 18.6 50 558
15 2.4 17.6 30 1104
16 2.4 18.0 30 1124
17 2.4 17.6 30 1101
18 2.5 18.2 30 1153
19 2.5 18.4 30 1162
20 2.5 18.5 30 1166
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HHZDNTA=ZTHDLZ ERMRINT, FFIZARE S AUCTota D7 12y b
2B W TIE, BIHRMEDN AUC tota DIEIZ K VW 7 v — b S 30T B AH 7] 23 A FR
Nz, 20, BERHEEORMEWNIZES T L, BEREEHFIFML 72, &R
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K, Table 10 IZR"F L 912, AJE (x2), LOEEHE (x3)2% p <0.05 Z7~ L,
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Figure 20 Relationships between input parameters, i.e., pre-compaction
force, main compaction force and rotation speed, and AUC Total

25



6,000 -
5,000 - ‘
¢ 4,000 -
\Z-/ ‘
% 3,000 - : ®10 rpm
3 030 rpm
8 2,000 - P
< o O50 rpm
1,000 - o ®
o O &P
0 T T 1
0 10 20 30

Main compaction force (kN)

Figure 21 Relationships between main compaction force and AUCTotal.
Black circles, 10 rpm; gray circles, 30 rpm; white circles, 50 rpm

Table 10 Analysis of variance of the AUC total for the created model. x 1,
X2 and x3 indicate pre-compaction force, main compaction force and
rotation speed, respectively

Term Sum of Squares Df Mean Square F-value p-value
X, 86097 1 86097 0.243 0.630

Main effect X, 3152479 1 3152479 8.909 0.011
X4 23600880 1 23600880 66.695 0.000
X, X, 3365 1 3365 0.010 0.924

Interaction X, X, 39 1 39 0.000 0.992
X, X4 1692272 1 1692272 4.782 0.048

Error 4600215 13 353863

Total sum of squares 34535760 19 1817672

PLEX Y, AUC total W IEARTE, X ORI E N FICHESTHZ LB RN,
AREZERMRIE R ORI ~DE T b2 U, [R5 B (3 A6 B IR IS 52
BEHBZH/NNTA—=FZTHY, EMEIEIZEIT D BERIFEZ Fr T T 2 EHE 72
INTA—=RZTHHI ER RSN,
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Figure 22 Relationship between hardness and thickness
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Figure 23 Relationships between AUC totai and hardness based on the
compacted results on various conditions
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Figure 24 Relationships between AUC total and hardness. Relationships
were plotted depending on the compaction conditions, i.e., low, middle and
high. White diamonds, conditions at lower values; gray triangles,
conditions at middle values; black circles, conditions at higher values
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Figure 25 Outline of force versus time plot
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Figure 26 Outline of the relationships among process parameters,
compaction factors and tablet physical properties
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Figure 27 Outline of the relationships among process parameters, new
compaction factor and tablet physical properties

% 1IE ﬁﬂ%% Fbar

INETORMICESNT, Bl —E /7 m 77 A VIZEB L, EMKRIEIZ
B> % AUC rotal & ARFIRFRD 2 RO U 72 T BLR AR 2 B H L 7=, Figure 28 IZ/" 7
Rl —JE 7' 7 7 A iz B W T, BT 02D 71 (AUC totar), M OVER FniRF ]

DNEEAIFFEICIZEHE T H 2 73,

THE-AREMOFEMEFH O TR, AE—#E

FHEH O REAEF I O W T H SRR BT SRR H 5 2 L PHE S
Tz 43498 2 Z2C, BEIC)»H) 5 7] (AUCTotal) & THE—AREM, RE-—
BE 7 B H R oo B R R R & AN Bk U 72 FEME RO I B L 72 Rf [ (Total compaction
time)Z vy, HMEIETHD Frar ZHH L2, Foa DRHAEZX (1)IC57,
Foar (&, JEAERE ] Z B EIC AL AUCTota TH YV, JEMEBIE £AICE L2 D

R AIK [

AUCrotar (N ' S)

Fpar (N) =

(Compaction time/1000) (s)
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Figure 28 Outline of AUC totai and compaction time
%21 Foar & &R ORBEKRME

Table 9 IZ/R L7 FTBERE 2 2 F W T Foar Z R L, SEAIFFME & O BAFR M %2 FF M
L72, Foar DBE R A Table 11 12, SEAIREME (B E) & O B4R % Figure 29
IZZENE IR T, Foar & BEAIE B IXEAREAMR TR I, Fpar D EFITEWVEEE
FRFTDZEDRHREIN, 52 AUC o & SERIEE & OBRIZE W THIZ S
N ST SN, 2LV, EMEEIZIE AUC tota DA TR L, #E
FORF 72 EOEMERIE H ORI QK 7 b SEFI RS EICEE 2 5 2 2K 1L L CH
TEThbrEZONT, UEXV, EMEEEE FraaZ B LTRTZEN
TEhEExZbNT,

33



Table 11 Experimental value designed by the CCD and the response, i.e.,
F bar

Variable levels Response
Run Xy X, X, y
NO. pre-compaction force Main compaction force Rotation speed Foar
(kN) (kN) (rpm) (N)
1 1.6 12.8 10 1054
2 3.4 13.1 10 1166
3 1.6 24.1 10 2016
4 3.4 23.9 10 2072
5 1.7 13.1 50 846
6 3.4 12.9 50 865
7 1.7 22.4 50 1476
8 3.6 23.6 50 1598
9 1.6 17.9 30 1399
10 3.5 17.7 30 1456
11 2.7 13.3 30 1110
12 2.7 22.8 30 1825
13 2.5 18.3 10 1570
14 2.7 18.6 50 1159
15 2.4 17.6 30 1397
16 2.4 18.0 30 1424
17 2.4 17.6 30 1392
18 2.5 18.2 30 1461
19 2.5 18.4 30 1471
20 2.5 18.5 30 1473
300 H
y =0.1071x + 33.954
250 A R2=0.8739 -_,‘.
o o
Z 200 - .
© 150 - ad
e -
= ®
_‘I_E 100 A
50 A
O 1 1 1 1 1
0 500 1,000 1,500 2,000 2,500
I:bar (N)

Figure 29 Relationships between Fpar and hardness
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% 3T Foar &ﬂﬁ%ﬁ%#@ﬁ"’(ﬂﬂ%?ﬂ/@%%

Table 11 (2R L7228 1T DFTEERS R & Foar O FH RS R EE S & HF
T AR ER LT, ek, BEUFSHTIE, BEREFRICEDSE Frarz THIT 2720
BIIE N (%F AKE, BEEREE)OMHAEAEH, ZREAZZO CHEM LI, EE
I 3 AT I LA RO IER 4 Table 12 12737, FOME, THE (x1),
A (Xz) &U@ﬁmﬂéf (x3)3 p <0.05 % ~RL, FparllHK L THEICEET S
ZENER SN, £, KJELEEREE O AENEM (X2x3), & OEHREE O
TRIA(X32)Mp <0.05% R L, Frar iCKF L TCHEICERET L Z ENHERINT,

Table 12 Analysis of variance of the Fpar for the created model. x1, x2 and
X3 indicate pre-compaction force, main compaction force and rotation
speed, respectively

Term Sum of Squares Df Mean Square F-value p-value
X, 7933 1 7933 19.157 0.001

Main effect X, 1519721 1 1519721 3669.987 0.000
X4 313926 1 313926 758.103 0.000
X, X, 64 1 64 0.156 0.702

Interaction X, X3 1360 1 1360 3.284 0.100
X, X, 14027 1 14027 33.875 0.000
xl2 117 1 117 0.282 0.607

Squared term x22 1629 1 1629 3.933 0.076
x, 27972 1 27972 67.549  0.000

Error 4141 10 414

Total sum of squares 2010571 19 105820

E@F“ﬁ@#%% CHTREAED THEF A A MRS B 0l0, EEBR
BHL7, 8o EERAE R (IR,

yFbar (N)
= 1445.824 + 30.789x; + 75.811x, — 9.001x; + 3.460x? + 13.830x3

— 53.537x% — 1.524x;x, — 7.155x;x3 — 22.517x,%5 (2)
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FEEFROPREHRE R?130.998 TH VY, FHIET LV E L TR R THREZ
RTEEZ BN,

\EEFRQIICE S X, HESMLE Fra b EZMEEER L, HEE
Figure 30 (279, WAL, 2 E TOFMMEIZEB VT Fpar DRERLIKFTH 5
AUC total & JEMGHFICE R T 5 E X L NT-AIE, [BIEEHEE & Foar & O BFRME
L, THEIXITEEM A OFTEESME L RIZE O 2.4 KN IZHEE L7,

AENKE L, FEEGEEN/NSWVIEE Fpar T RE L R DHER ST,
IR, ARIENRKE L, [BEHREE /NI VIE E RN OER O FE S NS, T
Ha T R OYERLIZ DM BIEN N LY KRELS 72D, fER E L TAUCTota DR E <L
RH-HEEZLN, TNETOHME —HTIHHEETH -7,

Pre-compaction force: fixed at 2.4 kN

50

"
|“|I j; l:bar (N)

112000-2200

40 &
47 & 1800-2000
33 S 111600-1800

w
305 | m1400-1600

27 &
27 = | m1200-1400
“ Al 20 3 1000-1200
11800-1000

Il

[
o W~

Figure 30 Response surface plot described by the model, showing the
effects of the main compaction force and rotation speed on the Fpar. Pre-
compaction force was fixed at 2.4 kN
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BAE RBEITERKGEOTH

ZAVE TITEEM U 72 Foar & BEAIFEME O BAFR A (Figure 29) & Foar & FTHESRA{ &
DA s (Figure 30) % JEICFT BERHE A O UL FTEESR M I B 1) 2 BEA AR & 7] 4%
DEERNZ G D20, FTEEM BICB T 2 i ESM O TRl 2R A7,

FIEERt P £ TOME L Figure 31 I E & 7=, £, Foar & SEHIEE D
BAMRIC KD X, FTRERE A O L HTEESRMFIC R 1T D BEAIEEE 169 N & /R T HF D
Foar ZHH L7z, Z DT, #7828 B T 169 N #82Y4 o BEAIH £ 2 15 5 7= 01213,
#1264 NODO FparfEAZ HEE L U THIEBERMNZ THI T OMERH L LB 2 bV,

1. Calculate Fpar when 2. Predict main compaction force
hardness indicates target and rotation speed when Foar
' indicates 1264 N.

Pre-compaction force: fixed at 2.4 kN

300 4

y =0.1071x + 33.954 . Foar (N)
250 1 R?=0.8739 . L@ 1 2000-2200
o 1800-2000
Z 200 1 o 111600-1800
2 169 S 21400:1600
© 150 o  111200-1400
3 $ ~000-1200

I 100 11800-1000

50
0 v1264
0 500 1,000 1500 2,000 2,500
Fhar (N)

Main compaction force (kN)

Figure 31 Procedure to calculate target Foar value and predict compaction
conditions

WIZ, ATTACHEZE L 728 B i mIc S &, Fpar 28 1264 N £13T 2 /R 3 EHIRIC IS
T DITEES M & T L7z, Fpar 2% 1264 N A1 Z 7R 9588 2 5 Kk U 7= i 2 il 1A &
Figure 3227”79, Figure 32 T, Fpar 2% 1264 N 3T O fEIE % A % 7517 TRd,
S Eh T &L Y, 1250~1300 N OFEIRIC I 1T DAL, [R5 O/ A5 TH
BETDHZ LITED, Frarld 1264 NIZIEWEZ R L, BIEOREAIFFELSE LN D
LEZ LN, FDT-%, 1250~1300 N O a2 5 4 &R L, $TEEA2TTV,
BoID Foar, MOBEAIFEZHRTHZ L LT,
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Pre-compaction force: fixed at 2.4 kN

50
47
43
Foar (N

mm bar (N)
57 3 01350-1400
33 5 |©1300-1350
30 5 |m1250-1300
27 &

= |®1200-1250
23 3
00 = |B1150-1200
17
13
10

=
o))
2

13.0
13.9
14.8
15.8
16.7
17.6
18.5

Main compaction force (kN)

Figure 32 Response surface plot focusing on the area indicated by Fbar
around the target value (1264 N). Pre-compaction force was fixed at 2.4
kN. White circles show the predicted compaction conditions based on the
response surface plot

BN L7 PRS0 EME Table 13 1259, AJE, [ml#&HEE O LS DI
B2DD, Foar DFHRMEIZ XY —47 >~ FTHD 1264 NITHWEZ R L, Z O TFHl
FECHEET A EICLY, BHOEA[HELEFRZEDO L ONIHEE BIZB W T
BFohnd M n,

Table 13 Summary of predicted compaction conditions when Fypar is around
the target value (1264 N) based on the response surface plot

Pre- hﬂain' . Predicted
. compaction Rotation speed
No. compaction force b

(KN) force (rpm) ar
(kN) (N)
1 2.4 14.8 15 1255
2 2.4 15.4 25 1274
3 2.4 15.8 30 1270
4 2.4 18.5 47 1242
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%5 TREKMEDORRE

AT C Pl U 72 FTBES R CHT8E L 7245 2R 4 Table 14, X UV Figure 33127377,
Table 14 X v, fTHERRIX, Table 13 IR T FHIKH LV B TOESSX1TdH
HH DD, Fpald ¥ —47 v hTHD 1264 NITIEWEZ R L, BEFRERNED
Nic, UL, BEAIRRMEZ bl U 7= /5 5, Figure 3312 RT X H I8 B O T
BFTEESRME O EERE A, WEIXF — 7 v N Th DT A OBEFIFFMED B K&
STHET DRERDFEONT, WTHO TRIFTEESRMES # — 5 > MTH A
HPELS, WMENEWVMEEZR LTz, MEORRKREZEBLZT 520, £T54—-7
N CThHDLITEER A OFLSEMETHEEZ Em L, BEAFREOBFIMEZ MR L,
fE %A Table 15, Figure 34, M O\ Figure 35 (2/~9, £ D#ER, Figure 34 (2R
THM —JE N7 a7 740X, Retest O FRETIRWTEEZRLIZL DD, K
TEWVIIMER SN2, — 5T, Figure 35 (29 SEAIHFME TlX, Retest
D J7 D% Original IZH_EEFEANE LS, HENEHVMEZ R L, SEFREN LD
REWEEAINEE SN TVWD Z ERfERINT, ZOBEVORRKE LT, T8
PR D RRFRI AL E L TV D AN EZ 2 bivle, REEMIX, [ U8
FHHERL 2 W TSN LT 5 A, Original ®FT8E7 5 Retest £ TH 1 40
MABWTWD, ZORNZITEERBERINWIE L mREENRE 2 bz, BED
WAEITB W T, FRLOKS D, BEFIBEEICHEET AN R IN TR 4650,
AFEMIC BN T HITEMBER O KGO EFHICL Y, S0 2 EREMEISEV)
Nl LR ST, 7ok, ARFEETAT o 7= Original ®§T§E, KT Table 9 iZ
RTFTEEIXRIREIIC SR L TR0, FT6E R ORI Z2 AL O T € 7 LA £
DBV, DLEX Y, KFEMICEBIT D TRIFTEESRM T S - 2R 4
ML DHBIZHWDITEEK AT 2% —F7 v FOSEAIFEIX Retest D5 R %
HAnwaszZ L& LT,
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Table 14 Compaction results based on the predicted conditions

Actual compaction conditions Output
Rotary Pre- Main _ Percentage of F_ to
No. tablet  compaction  compaction Rsotiggn Thickness  Hardness Foo the target F,
press force force (f m) (mm) (N) (N) (%)
(kN) (kN) P
Target A 24 18.3 45 4.46 169 — —
1 B 2.2 14.7 15 4.35 218 1231 97
2 B 2.4 15.3 15 4.32 223 1290 102
results 4 B 2.4 15.4 30 4.37 192 1223 97
5 B 2.4 17.8 47 4.38 196 1123 89
6 B 2.4 18.7 47 4.37 211 1189 94
4.50 -
- 240 A
_ 445 A 220 -
E —~~
£ 4.40 - £ 200 -
2 @ 180 -
P 4.35 - 4
k¥ TS 160 A
© 4.30 A @
£ T 140 -
4.25 - 120 -
4.20 100
Target No.1 No.2 | No.3 | No.4 | No.5 No.6 Target| No.1 No.2 | No.3 | No.4 | No.5 No.6
15 rpm 25 rpm |30 rpm 47 rpm 15 rpm 25 rpm | 30 rpm 47 rpm

Figure 33 Physical properties of tablets, i.e., thickness and hardness. Comparison of the physical properties between the target
compaction conditions on rotary tablet press A and the predicted compaction conditions on rotary tablet press B
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Table 15 Retest result at target compaction condition on rotary tablet press A

. Pre- Main .
Pre-punch ~ Main punch . . Rotation .
Rotary . . compaction compaction Thickness
separation separation speed Hardness (N)
tablet press (mm) (mm) force force (rom) (mm)
(kN) (kN) P

Target A 3.4 1.3 2.4 18.3 45 4.46 169

(Original)

Target

(Retest) A 3.4 1.3 2.3 17.3 45 4.39 195

20 -
218 7 .
x 16 A
g 14 A
O 12 A
E__(_g 10 A —— Original
=2 (Y H E— Retest
g , ]
3 4
-l 2 4

0 1 T T \ I 1

0 100 200 300 400 500
Time (ms)

Figure 34 Lower punch force versus time plots. Solid line, original result; dashed line, retest result
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© 4.30 - © 140 |
4.25 - 120 -
4.20 100
Target Target Target Target
(Original) (Retest) (Original) (Retest)

Figure 35 Physical properties of tablets, i.e., thickness and hardness.
Comparison of the physical properties between the original target result
and the retest target result on rotary tablet press A

Retest O SEAIHEIME & L L7245 R % Figure 36 (Z/~" 7, TORER, WIhoT
MEEIZBNTH X —F >y MTIEWEEAIFFHERNE OGN TE Y, FFIC AR E 2
25 rpm, 30 rpm O FRIZEICBW T, #—47 v b EIFIER%SEOE L, [HE %
RS2 EDRMERINTZ, —J7, 15rpm, KO 47 rpm O — OS5 TIE, X —
T N OSERIFFEICHNE TR ELS, BENESWER 2R T Z & BN HERS
T, B EEDY 15 rpm, 47 rpm D SffiE, ARFEG THEEE L 72 THIE 7 /L sl
(10 rpm~50 rpm) D E ST T WGETH D720, 25 rpm, 30 rpm D FAEIZH A~
FTEES Mt —Fbar— S2RIR MO BRMEICB LTI b a2k, e L
TEHTORBEN ROz EHER ST,
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Target| No.l1 No.2 [ No.3 | No.4 | No.5 No.6 Target| No.1 No.2 [ No.3 | No.4 | No.5 No.6
(retest) (retest)
15 rpm 25 rpm |30 rpm 47 rpm 15 rpm 25 rpm |30 rpm 47 rpm

Figure 36 Physical properties of tablets, i.e., thickness and hardness. Comparison of the physical properties between the retest target
compaction conditions on rotary tablet press A and the predicted compaction conditions on rotary tablet press B
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Table 14 O FTEERE R (T, AJE, BlEEE)ZH W CERBRA(2)ICESET
HI L7 Foar & FEBRIZHE B IVTE Foar DA % HL#E bfi%%i&” Figure 37T T, £

DFEFR, WTFNDORIFITE W TS Foar O PHRMFIZERE STV EZ R L, TH|
il & HREDOBRZZ TR KM TON TH Y, Fpar DEIZX L TREEIT/NHNI N &M
RSNz, LEXY, KL CHE L7 Foar SO THIET VO T
FEITEHFTHDL Z ENRINT,

1600
1400
1200 — ] = —
= 1000 1

~ 800 - W Predicted
h value

OActual
value

No.1 No.2 | No.3 | No.4 | No.5 No.6

15 rpm 25 rpm |30 rpm 47 rpm

Figure 37 Comparison of predicted Fpar and actual Fpar. Black bar,
predicted value; white bar, actual value.

®WeIE FHETNALOEKLIZE TS EE

ARHEITIX, AUCotal & JEMERFM 258 L72 Foar ZFEEE & L2 8ESRME O T H
ETIVOHBEEITH -, RIATIE, THETABEOMKILEZENE LT, £
FINZHWDIEE 2 L0 > 7072 AUC 1otal D AIZ L T2 H5E O T K B 2 2E4ff
L7

F3HEOFNE L FAERIC Table 9 128 L7=FT8ERE R & AUC Total D RIS =
EEFSPT 21T, BERFERZEHLZ, Bon-EREFERNZ2X )R,

YAUCrotal (N-s)
= 1151.312 + 64.305x; + 105.647x, — 76.949x; + 3.131x2 + 5.465x2

+495.046x2 — 2.839x,x, — 25.175x,%; — 229.445x,x;  (3)
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EEUFRORERER?1L0.996 TH Y, THIET LV E L TR THEERN
WrEIn,

FIEErE A O TR ICEB 1T D AUCTotal (1 556 N - s TH 0, FTEHEHE B (2
BT 5L OMEAITORE M % Figure 38 12773, 728, e i T E & T8
B A DFTEESIE & RIS 2.4 KN IZ[E € L7z, Figure 38 LV, 550~575N s ®
fEIk A & DA, BIEEHEOFSESM 4 THI L7z, EIRL 72 TRISEOFEMZ
Table 16 (Z/~r7,

Pre-compaction force: fixed at 2.4kN

48
47

2 AUCru (N - )

43 ©

2 5 m575-600
3

40 § 0550-575

385 | m525-550
)

373

Figure 38 Response surface plot focusing on the area indicated by

AUC 1otal around the target value (556 N « s). Pre-compaction force was
fixed at 2.4 KN. White circles show the predicted compaction conditions
based on the response surface plot

Table 16 Summary of predicted compaction conditions when AUC total IS
around the target value (556 N * s) based on the response surface plot

Pre-compaction ~ Main compaction : Predicted
Rotation speed AUC
No. force force (rpm) Total
(kN) (kN) (N -« s)
1 2.4 14.0 33 555
2 2.4 16.7 38 577
3 2.4 18.0 42 555
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Tl L7247 BES 1 CHT8E U725 R % Table 17, &2 O"Figure 39274, Table 17
XU, Bl AUCToa 1E, THIL Y b REWEZ R L, SEAIFFMEIX Figure 39
IZART X TFHISGH No. 2, No.3 Tix, ¥—47 v N THIHHIHHK A DEL,
R LT WS o7 — T, THIZKME No. 1 TliE, #—7 v MZxL
THANEHANDIE L, FENMEOAE NS ST, Table 17 O TR R (TH, &
J£, B )2 W CERIFRG)ICESE FHIL7Z AUC 1o & EBEICHE L
72 AUC Total Dl % LL#Z LU 724 - % Figure 40 (2”7, T OFEE, AUC Tota D E
PEIE T HMEICRT L CREVEZ R TR AH D, AUCTota @ THITIX, THI
fifl & ERMEICTRBEN S D 2 ENER I, Fra 2R E LIZGAICKS, TH
MANKEVWERICH D Z LR INT,

LY, ¥T8ESMEZ TRIT 5 7-0120E, AUCTota D TIE FRIFEZEN K X
<, EHiHFMEZEETHIENEETHLIEEZ LN,
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Table 17 Compaction results based on the predicted conditions

Actual compaction conditions Output
Rotary Pre- Main Percentage of
No. tablet compaction compaction  Rotation speed  Thickness  Hardness ~AUC_ | AUC_ 1o
press force force (rpm) (mm) (N) (N - s) the target
(kN) (kN) AUCTotaI (%)
Target A 2.4 18.3 45 4.46 169 556 100
1 B 2.5 13.7 33 4.52 151 723 130
fgffliéﬁon B 2.5 16.6 38 4.47 163 652 117
3 B 2.5 175 42 4.47 167 638 115
4.60 - 200
190 A
2456 - _180 -
S 452 - 2 170 1 L
(7] .
g ;
= 4.4 - ' ‘ I 1404 I
130 A
4.40 120
A (Target) B (No.1) B (No.2) B (No.3) A (Target) B (No.1) B(No.2) B (No.3)

Figure 39 Physical properties of tablets, i.e., thickness and hardness. Comparison of the physical properties between the target
compaction conditions on rotary tablet press A and the predicted compaction conditions on rotary tablet press B

47



800 -

700 -
. 600 A
(7]
é 500 - W Predicted
5 400 - value
0»9 O Actual
S 300 - value
< 200 -

100 -

0

B (No. 1) B (No. 2) B (No. 3)
Figure 40 Comparison of predicted AUC totai and actual AUC total. Black
bar, predicted value; white bar, actual value

PLE, KEICTIEHEBEE FraaZ WA ZEICLY, BOEAFKEEZS D -
DOREFTEESRMSE THT 5200 THET VEMBE LT, ZTOME, BEL
YHRIET VTR H R THEEZ L, THILTESH CE O Lz 88X Rk
X, =7y MIEWEZ T Z ENMR I, b1, HEESEEE THT
D7 DITiE, AUCTota M AJEMERF 2 B EICAND ZENEETHLDH EHZ XD
i,

FS5H /NE

ARETIL, ETERA RATERSM (TE, AT, [BHESEHEE)THEE L 72RO T
I & BERIRSYEORRZRIME Lz, TO/KE, R —Eh 77 7 A4 i
75 AUC 1otal & SERNFFPEICBIMRIEN TR D HIL7228, 1IX 5 DI N K& WM &2 7R
L7z, X6 DOXDEKOD 1DICEMBKIEF OB OFEINEETDHEEZX L
Tz & 2T AUC total & JERL O FFELH O FEHE T & D & FIREH 235 8 S 4 7= JE 4
REf 2 D TP BLFERE Foar Z 8 H U172, Foar & SEAIFRFME & O BIfR 2 REAG L 72 4%
B, AUCtotal & SERIRFEDOBMBR TH LN XD S & TR S v, BAF72 Bk
MHER SN, Frar B E L CHBESGZ THIT 22 LIk, B E T 58
FIFREME & 7S O R EE S D LT,
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FBLIE S

AIEE TIX, JEMRRIE 2 £ 3T B Fra 2 AT, TESHTO THIET VA&
MR L, AT RORBIESEO TR Z2ITo7-, ZORE, TSI
I8 CcHEET D LIck Y, BMET D8RR L REOERNE LD
ENERINTE, FHEEFra 2 AVWDZEICXY, BRI e ADE
EHRH & AR N RIRE L 70D — T, ATHFELERERT H7-0I1T1E, FTEEHE
DOHEFEZ &, 7, B x RFTsE AR E I EMRIBICBE D L 7 — & 2L L,
THMETNVEWET LLEND D,

FIEERE COMFBITIX, BUG CTX 27 — XX BT 8E BRI R ME (B 778, HbA
o, ZRAZE), EMEREICEDL DT —% (FT)E, BEEE, HeH)E), & OV
WZHTBE L2 BR D BERI M (EE, EH, WHES)TH D, a2 fTEEMCFT 8 A
BERLIZ R L Cleadm T 8252 PRI D 7201201, EERLBERMIEICEB T D8
BTOBRBNTEONDIT —XOLTIE, T—HEBBVRLI AR+ EEZLND,
— 75, fT8EY I 2 L— & TlI, %1i“’“’“25’“uTL7i D, 1EEfTEEST DT LT
JEAME R ICBR D D 43 8 D7 — & NEUS Z 4, FERL O [ ME B ME 2 FE M BRI ©
X5, TO, fIEEABERFE, EAFFHEOT —ZICMA THEY I =2 L —

ICER SN EMERIET — 2 Z2IEH 352 812X, BRx T ierk, +16EH
BORLIZ R U Cl H rTRE 72 L R AT BES M TS AT L OEDRFIRE LB 2 b
U, XVMEICREITESEE TR TE S LI ND,

FTZTARETIE, VI 2L — X ICERBISNEERRET — 2 21EH L,
K0S RE TSSO TR EIT O DDA R FTEESRML TR AT LD
T WA

EB2E THIVATADOES

INFETICHEY I 2 VX IZEBINTIEMRET — % 2 H\v, fT8E5Mt
DT AT DO 2R T, KEFETIL, Table 18 IZ/RT I8 X & %f 5 &
LCTHS AT LOEEERALT-, TNETITHEE XDV I 21— a3 5
TECHIEE L, EMINTfTEEMAER, JEMKRET — 2 ICET 2 EHREFEH L,
FT—=H = EER L, E5ICT —H v — M3 E PLSR (Partial Least
Squares Regression)fi# 4T 5752 247\, THIET LV OEEE KT,
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Table 18 Input parameters for simulation of rotary tablet press X

Rotary tablet D1 D2 D3 61 62 3 umber
press (mm) (mm) (mm) () ) () of Punch
punches
X 665 210 210 40 21 32 45  TSM-D

E1E FHIIATLAOME

g7 m 2B W TG 2T — % O ¥ % Table 19 1779, THIET
NOBRERIZHANWD ZENTELT—XE LT, BIRT—%, FrEEHBER T —
A, FIEESRM (PIEMFEMME, REMEME, BEEE), EMHKkET —%, &
OEEAIFFMENZE T DN D, 2T — X 3T 8Eni, 18, fFIEZOfIKEnk
ADPWAIZAIL T, K& < Input 7 — %, JEMEEET —4, Output 7 —Z D 3
DT TEZDILENTE B,

Table 19 Data constitution obtained in compaction process
Classification Data
Punch shape

Input Physical properties of granules

Compaction condition
Compaction Compaction data from compaction simulator
Output Tablet physical properties

Figure 41 12/~ 9 X 912, FI8ESM (TIEMCRIRR, ANEMICRIGE, [FlEsHEE)
ZYRT A0, TRIETVTIE, fT8ESM % Output 7 — & & LT, SEXI4F
P Input 77— & L CTE X2, % LT lnput 7 — & K NEMERRE T — & % T H
BT NVOMHER/ANT A= L LT HEESFMFICRHT L2 THET VOME LR,
FTHET VERHKT HET — X Oz Ll TIZRET,

Compaction data Prediction model

R e Prediction

Classification Data Classification Data s
Punch shape Punch shape
Input
Input Physical properties of granules Physical properties of granules
Data for
Compaction conditions Output Tablet physical properties construction of
prediction
model

Compaction Compact!on dlata from Compaction Ccmpact_lon d_ata from
compaction simulator compaction simulator

Output Tablet physical properties Input Compaction conditions Prediction

Figure 41 Data constitution for prediction model
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Table 20 Information of punch shape

Item a b c
Punch diameter (mm) 10

Projected area (mm?) 78.50 50.24 38.47
Cup depth (mm) 0.95 0.30 0.73
Perimeter length (mm) 31.40 25.12 21.98

55 3IH  ¥T 6 AL

T HIE T VAT A A T FT 852 FH JER. O JERL K5 PE 2 Table 21 12 F & 7=, FTHER%
XD alb—a kT, 6 FOF &R 2 U CTHBE L 72 B O 1 /5 ik
BT —2NERBEINTEY, OB T —4% %2 FHRIET VICHAZ AT 2
Nl D

Table 21 Physical properties of the granules

Item A B C D E F

Particle size D50 (Median diameter) 85 353 209 289 402 191
(um)

Bulk Density (g/ml) 248 150 2.88 2.36 2.01 240
Tapped Density (g/ml) 1.86 1.30 2.30 2.05 1.77 2.00
Flow Angle (°) 37 39 43 40 38 36

BAE EMRET—F

WAIEH2HICRTIEY, VI a2 L — ¥ THHETAE LT AT L
WZJERERRIZ IZBE D D 43O T — 2 PRGN D, 26T —F % THRIET LIT
MAATeZ L LT, THIET VICHWDEMRIE T — 2 1%, a2 sesi
THELLEBEORSGT —% Th b, THITT VICHWD EMEET — % % UG
L7=BR DTS % Table 22 12774, Table 22 (21%, ¥TE8ELRMICMZ, %8
B WTHWEFTSEER, FIseHERIZOWTHRLE, HfEvY I 2L —HI(Z
B INTT — X I3 sE A, TR, TSRO 2 el A A bE O EF 57 &
HTHEINTZHDOTHY, ZNUBEMKET —% % THET LOREZEIZHN
HZEE LT, B, SHESHSE~ISEDT — X THRSND,
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Table 22 Summary of compaction conditions of compaction data for prediction model

Compaction conditions

Physical properties of

No. Punch shape granules Pre-punch separation Main punch separation Rotation speed (rpm)
(mm) (mm)
1 a A 3.4 1.3 3
2 a A 3.4 1.3 20
3 a A 3.4 1.3 30
5 a A 3.4 1.3 45
6 a A 3.4 1.3 46
7 b B 2.1 1.6 25
8 b B 1.9 1.4 38
9 b B 2.1 1.5 38
10 b B 1.9 1.6 38
11 b B 2.1 1.4 38
12 b B 2.1 1.6 38
13 b B 2.1 1.7 38
14 b B 2.5 2.0 38
15 b B 4.6 1.6 38
16 b B 2.1 1.6 45
17 c C 2.5 1.6 10
18 c C 2.5 1.5 25
19 c C 1.7 1.3 35
20 c C 1.8 1.5 35
21 c c 1.9 1.3 35
22 c c 1.9 1.6 35
23 c c 2.0 1.5 35
24 c c 2.2 1.3 35
25 c c 2.2 1.7 35
26 c c 2.4 1.5 35
27 c c 2.5 1.3 35
28 c c 2.5 1.4 35
29 c c 2.5 1.5 35
30 c c 2.5 1.7 35
31 c c 2.6 1.7 35
32 c c 6.7 1.5 35
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Physical properties of

Compaction conditions

No. Punch shape granules Pre-punch separation Main punch separation Rotation speed (rpm)
(mm) (mm)
33 c c 9.0 1.6 35
34 c c 9.3 1.3 35
35 c c 2.4 1.4 45
36 c D 2.5 1.5 25
37 c D 2.4 1.3 35
38 c D 2.5 1.5 35
39 c D 2.5 1.7 35
40 c D 2.5 1.5 45
41 c E 2.5 1.7 25
42 c E 2.5 1.8 35
43 c E 2.6 1.7 35
44 c E 2.6 1.6 35
45 c E 2.6 1.7 45
46 c F 2.4 1.8 10
47 c F 2.4 1.7 25
48 c F 2.4 1.8 25
49 c F 2.3 1.2 35
50 c F 2.3 1.4 35
51 c F 2.3 1.6 35
52 c F 2.3 1.8 35
53 c F 2.4 1.7 35
54 c F 2.4 1.8 35
55 c F 2.4 2.0 35
56 c F 2.4 1.6 45
57 c F 2.4 1.8 45

53



HBS5HE TRHIETNVOHEE

TNFETICEBUAITHEXDY I 2L —32 3 VBT LZEBEOER
T—4, fTEERERT — %, EMRET —4%, KOSEAIFMEZ H W CH S
(PIEAFSERINE, RIERFCHE, BlESEE) R 2 FHIET LV ABE L, T
TFILOEEICIE, SEAEMTO 1L L THALBNTWS PLSRIEZ AW,
THET VOREEIZH N T —Z 1y OBEE % Figure 42 |2~ 3, THIET L
X584 8T A= nHEk0, G340 HOER-INT=T -2 bERENns, &
T—4%Yy &MV, PLSRIEZHWTTPHIET VEHE L, 208, THIET
JTHTBESRME T o 5 TIEM MR, ANEMFERE, BlESEEZZics LT
BE LT, £ THETLOMES Table 23 1277, ZORE, HELE-THE
TWIL, R27230.74~0.96 OfE %~ L, FTEESM%E THIT 5 ECRIEZR W TR
FELEZONT-, THREZEDOEETH 5 RMSE 1%, T/, KEIZZENE1 0.29,
0.04 & EBEOHEMBOMIZH L THAFARTEIRELEZ N, —JH
WA E O RMSE 1 4.94 & T/E, REICHRD EREREEZRLTEY, EBED
B ICX L CETFRENRENEEZ 2N L OO, BIEEEZ THIT 2
FECIRHMELRVEETH D EEZ BT,

Parameters for model Parameters
(Total 54 parameters) for prediction
. A
1
Physical Compactiondata from Tablet physical Compaction

Total 340 data _| | Punch shape properties of p tionsimulat P rtY F:i't'
67 diti (4 parameters) granules compactionsimulator properties condition
(67 conditions) (43 parameters) (3 parameters) (1 parameter)

(4 parameters)

Figure 42 Outline of data set for prediction model. Prediction model was
created for each compaction condition, i.e., pre-punch separation, main
punch separation and rotation speed
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Table 23 Outline of prediction model

Model Parameter for Optimal

2
No. prediction PCs R RMBE
. Pre-punch separation 4 0.95 0.29
(mm)
5 Main punch separation 6 0.96 0.04
(mm)
3 Rotation speed 3 0.74 4.94
(rpm)

FB3E AT—NT o7 EME LI IEREEICBIT S TH

RITET CHEZE L7 THIET L& BV Cleii 3T 88 51 0 Tl &2 3k A 7o, R HiTU,
NRA By AT —=ANELREHARATY =L ~DRAr— LT v FEBEL, W%
FE (FTBERE Y) 2 O AR E SR (FT 88 X)ICHTBERE 2 2 L 72 B o B e ARG R I
BT 2 i T8 S 0 T 2 S A 7

B1E RETEIGOTH

NA By NAT— )VOFTEEIZHW B LD FTEER Y OREER G H %2 Table 24 12
RY, AT =N T v TIZBWT, FTEEM Y O T 5 X 2 e a2 AT 45 2
EERBEL, FTEH Y TH O BERIFE & [R5 O SEAIFFMEZ FTEERE X TH 5
7DD EESFHEO T EZIT oI, FIEEEY OV I ab—a VLB THELR
BROFTEESRME KOG S - e K42 Table 25 12779, FT8ERE Y OFT8E TIT,
Frix Table 20 O#F a, FI8EAERIIT Table 21 OfER. A # AW T EI T,
Figure 43 (27”79 L D ICFT8ER% Y O FTEETH W TZHF, FT8E AR, M OVEME R E
T—XEHW, BiIfiCTHEELEZZNENOITESMEICRT D TRIET VIZES
ZFTEEME X CRIZDOEAF 252720 O ESRMEEZ TR L2, PRI R %2
Table 26 [Z/~" 3, F/E, KJEIZOWTEHTHBEEN/NIWERTH - 7228, [
BRI OWTIE PHIRBREN A T REWEAmZ 7R L, S o7 PRI ICH
SEXIEEXDY I 2 —a VEUTHERZIT- -,

Table 24 Input parameters for simulation of rotary tablet press Y

Rotary tablet D1 D2 D3 61 02 @3 umber
press (mm) (mm) (mm) () ) () of Punch
punches
Y 290 180 180 76 46 62 20 TSM-B
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Table 25 Compaction conditions and tablet physical properties on rotary
tablet press Y

Tablet physical

. . roperties
. Compaction conditions P
Rotary Physical P Average
tablet Punch properties (SD)
shape of Main .
ress - .
P granules Pre p”’?Ch punch Rotation Thickness Hardness
separation . speed
separation (mm) (N)
(mm) (mm) (rpm)
4.44 175
Y a A 3.4 1.4 30 (0.01) (6.1)
SD: Standard deviation.
Parameters for model Parameters
(Total 54 parameters) for prediction
I |
N I Ir ]
Data f del Punch sh Phy;i_cal of Compaction data from Tablet physical Compaction
ata for model @ ugfan?letaepri) pro:)aenl.:le::s compaction simulator properties condition
(Total 340 data) P @ F?aram el (43 parameters) (3 parameters) (1 parameter)

Data Punch shape Physm_al Compaction data from e .
fi diction a BEpSISS compaction simulator tablet ph}{swal ???
or pre B A properties

Figure 43 Outline to predict compaction conditions on rotary tablet press
X. Prediction was performed with prediction model for each compaction
condition, i.e., pre-punch separation, main punch separation and rotation
speed

Table 26 Prediction results on rotary tablet press X

Pre-punch Main punch Rotation
separation separation speed
(mm) (mm) (rpm)
Prediction 3.2 1.3 29
result (0.39) (0.05) (5.80)

Parentheses indicate prediction error.
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Table 26 (2R T FREMHICHE S EFTEE L2 #5 R % Table 27, X OF Figure 44
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Table 27 Compaction result based on the predicted condition

Pre- Main

Rotary Pre-punch Main punch compaction compaction Rotation Thickness
tablet separation separation P P speed Hardness (N)
force force (mm)
press (mm) (mm) (KN) (KN) (rpm)
Original Y 3.4 1.4 2.5 18.4 30 4.44 175
Prediction X 3.2 1.3 2.6 18.0 29 4.41 184
4.60 A 220 A
200 -
£ £ 180
n 7
3 4.40 A 0 160
< °
= © 140 A
= 4.30 -
120 A
4.20 100
Original Prediction Original Prediction

Figure 44 Physical properties of tablets, i.e., thickness and hardness. Comparison of the physical properties
between the original compaction condition on rotary tablet press Y and the predicted compaction condition on

rotary tablet press X
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AIEICIE, B2HITHEELEZTHETLZHAV T AAMf 2y NATF— VI DH M
A= ~DRAr— VT v T H2BE LI REITESED TR 21T 72, AH
TIX, YA FREET A L OEFEDOBEOEINBE 248 E U, 4 e (F7
FERE Z)I DRI D FE FIBETE (T X)ICHTEERE 2 2 W L 72 B 0 & 1% T e %
(FT8ERE X) T BT DI T 8ES M O TR 2 A 7=,

B1E RETEIGOTH

B & a2 1808 LT iEf Z o EE# %2 Table 28 12”7, HiliBE I
BWT, T Z 0D FTEE X ICH 82 AR T2 2 EL, fIeE z T
DI T BERRFME & [R5 O BERIFFME 2 FTEEHE X TR 2O O EESME O Tl %
1ToTe, FISE Z OV I 2 b —v a UHRIETHE LEZBOHESELOE LN
- BERIHFME 2 Table 29 127”9, AREITIX, 2 DO ESRMFIC OV THIEEZTT -
72o FTEERE Z OFTEETIL, ¥ Table 20 O #F a, T8 HTERIIX Table 21 o JEkL
AZHWTIES N, BT ESMEO TR EIE, 5 38 & [FEEIC Figure 43
WCRTIEERE Z OFTEECTH WK, Frée R, M OEMRET —Z 2 AW,
F2E CHERE LT N TN ESRMICHT D TP T VK S fTEHEME X T
A 55 DSEAFEIE 215 2 72D OFT e 2 T L=, TR F % Table 3012”7,
TIE, RIEIZOWTIETPHRREEN NI WFERTH - 7228, BEIHSEHE 220 T
THFRENE T REWERZ R L, GO PRISAICHE S S THEE X O v
Ralb—varyFGHTHEEZITo T,

Table 28 Input parameters for simulation of rotary tablet press Z

Rotary tablet D1 D2 D3 o1 62 @3 Number
press (mm) (mm) (mm) (°) ) C) of Punch
punches
z 410 250 250 68 10 46 35  TSM-B
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Table 29 Compaction conditions and tablet physical properties on rotary tablet press Z
Tablet physical

. . properties
Physical Compaction conditions Average
Rotary ;
Punch properties (SD)
No.  tablet shape of Main
press granules Pre-punch punch Rotation 1y yness  Hardness
separation . speed
separation (mm) (N)
(mm) (mm) (rpm)
4.50 153
1 z a A 3.4 1.3 45 (0.00) (0.6)
4.39 199
2 z a A 3.4 1.3 30 (0.02) (7.4)
SD: Standard deviation.
Table 30 Prediction results on rotary tablet press X
Pre-punch Main punch Rotation
No. separation separation speed
(mm) (mm) (rpm)
1 3.2 1.3 33
(0.50) (0.05) (6.44)
) 3.4 1.2 34
(0.35) (0.04) (4.70)
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Table 31 Compaction result based on the predicted condition

. Pre- Main .
Rotary Pre-punch Main punch . . Rotation .
. . compaction compaction Thickness
No. Item tablet separation separation speed Hardness (N)
force force (mm)
press (mm) (mm) (KN) (KN) (rpm)
Original z 3.4 1.3 2.4 18.2 45 4.50 153
1
Prediction X 3.2 1.3 2.7 17.7 33 4.43 180
Original z 3.4 1.3 2.3 18.3 30 4.39 199
2
Prediction X 3.4 1.2 2.3 19.0 34 4.42 182
4.60 - 220 A
200 A
£ £180
” 7
$4.40 A o 160 A
£ S
Qo _If__d 140 A
= 4.30 A
120 A
4.20 100
Original Prediction Original Prediction

Figure 45 Physical properties of tablets, i.e., thickness and hardness. Comparison of the physical properties on
compaction condition no. 1 between the original condition on rotary tablet press Z and the predicted condition
on rotary tablet press X
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120 A
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Original Prediction Original Prediction

Figure 46 Physical properties of tablets, i.e., thickness and hardness.
Comparison of the physical properties on compaction condition no. 2
between the original condition on rotary tablet press Z and the predicted
condition on rotary tablet press X
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Figure 47 Relashonship between rotation speed and hardness on rotary
tablet press X
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Figure 48 Relationships between Fpar and hardness. Black circles, rotary
tablet press X; white triangles, rotary tablet press Y; gray diamonds,
rotary tablet press Z
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Table i Physical properties of the granules

Item Result
Particle size D50 (Median diameter) (um) 85
Bulk Density (g/ml) 0.404
Tapped Density (g/ml) 0.537
Flow Angle (°) 37.3
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1
Compaction roller

1

Compaction velocity (mm/ms) = Compaction distance (mm) / Dwell time (ms)

A=2 XTUXD X ——
360

D: Radius of compaction roller ([mm)
R: Punch head flat (mm)
A: Compaction distance (mm)

Figure i Outline of compaction velocity
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AT AAR—L LTHB L, BRI ()ICESSEE UL, B

FIVX —1T 3~5ED B E A H T,

B B
F dh— deh (1)
D

Eplastic = f
A

Plastic energy

Force (kN)

Punch separation (mm)

Figure ii Typical compaction cycle on compaction simulator
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Tablet weight (mg)
S (mm?)xX (mm) + V; (mm3)+ V,(mm?

d (mg/mm?3) = (2)

/ V. Cup volume of an
upper punch

SiDiehde |\
surface area ——_
c'--'-_-—~f——_—-_::°\" X: Punch separation

L N—
Vi Cup volume of an
lower punch

Figure iii Outline of compacted powder density
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5
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Figure iv Plot of lower punch force versus time. The AUC is calculated based
on the plot.
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3-5. Root Mean Squared Error (RMSE)
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