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m e a s u r e d  a n d  s t o r e d  d u r i n g  c o m p r e s s i o n  by 
u s i n g  a c o m p u t . e r .  
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1870  GUYOT, DELACOURTE, AND MARIE 

INTRODUCTION ------___--- 
The formulation of tablets can be facilitated 
by the use of an instrumented tablet machine 
which allow the measurement of forces and of 
the displacement of the upper punch (1,2,3) It 
has often been mentioned that the forces measured 
during the compression are the resultant between 
the resistance of the product to compression, 
and the force applied by the upper punch which 
is dependent on the adjustment of the machine. 
As a result, the compression cycle (which is 
the upper punch force plotted against the displa- 
cement o f  this punch) is characteristic of a 
product if the conditions of the compression 
are strictly defined (diameter of the punches, 
depth of the compression chamber, speed of the 
machine, maximum displacement of the upper 
punch)(4). 
If all these conditions are fulfilled, and only 
in that case, we have shown that powder mixtures 
can be compared with each other (5). We have 
particularly shown that the comparison of the 
cycles obtained under the same conditions allows 
the comprehension of the law of the behaviour 
of these powders and reveals the defects of these 
cycles ; our technique of qualitative optimization 
of tablet formulation is based on these notions 
and on the kwowledge of the hardness of the tablets 
( 6 ) .  
But this technique is limited by the lack of 
precision of the oscilloscope that we use. S o ,  
it has been necessary to complete the instrumentation 
with equipment able to give exact values for 
a certain number of responses. Then it becomes 
possible to make finer comparisons either between 
batches of raw materials, or between nearly similar 
mixtures. These responses are given with standard 
deviations ; 

the value of the deviation of the displacement 
measures the error in the experimentation. Moreover, 
the data which are used for quality control are 
of interest in the field of research, for studying, 
for example, the shift between the maximum values 
of the forces and of the displacement plotted 
against time ; it can be related to the plastic 
flow of the product under compression (7.8). 
A significant difference between the deviations 
of the displacement and of the upper punch force 
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COMPUTER D E T E R M I N A T I O N  A.ND COMPARISON 1871 

r e v e a l s  a l a c k  o f  r e g u l a r i t y  i n  t h e  f e e d i n g  o f  
t h e  t a b l e t  m a c h i n e .  
A s i g n i f i c a n t ,  d i f f e r e n c e  b e t w e e n  t h e  d e v i a t i o n s  
o f  u p p e r  a n d  l o w e r  p u n c h  f o r c e s  r e v e a l s  a l a c k  
o f  r e g u l a r i t y  i n  t h e  l u b r i c a t i o n .  

To o b t a i n  f i n e  c o m p a r i s o n s  b e t w e e n  d i f f e r e n t  b a t c h e s ,  
a l l  t h e  m e a s u r e m e n t s  h a v e  t o  b e  made e x a i c t l y  u n d e r  
t h e  same  c o n d i t i o n s .  I t  i s  v e r y  l o n g  andl d i f f i c u l t  
t o  o b t a i n  e x a c t l y  t h e  same maximum d i s p l a c e m e n t  
o n  a s i n g l e  p u n c h  m a c h i n e  o r  t h e  sam~e  h a r d n e s s  
o n  a r o t a r y  p r e s s .  I n  a d d i t i o n ,  t o  c o m p a r e  p r o d u c t s  
w i t h  q u i t e  d i f f e r e n t  d e n s i t i e s ,  i t h i s  t e c h n i q u e  
i s  i n e f f e c t i v e  : some m i x t u r e s  w i t h  a g r e a t  r e s i s t a n c e  
t o  c o m p r e s s j o n  c a n n o t  b e  c o m p r e s s e d  w i t h  t h e  s t a t e d  
d i s p l a c e m e n t  b e c a u s e  i t  p r o d u c e s  t a b l e t s  t h a t  
a r e  t o o  h a r d .  On t h e  c o n t r a r y  some r n i x t u r e s  r e m a i n  
p o w d e r  o r  p r o d u c e  t a b l e t s  t h a t  a r e  t o o  s o f t .  
We h a v e  p r o p o s e d  a t e c h n i q u e  u s i n g  a c o n s t a n t  
m e a s u r e d  f o r c e  i n s t e a d  o f  a c o n s t a n t ,  d i s p l a c e m e n t :  
w e  h a v e  a r b i t r a r i l y  c h o s e n  20 K N  ( 9 ) .  The a d v a n t a g e  
i s  t h a t  w e  a l w a y s  o b t a i n  a 20  K N  r e s u l t a n t .  I f  
we a s s o c i a t e  t h e  v a l u e  o f  t h e  h a r d n e s s  o b t a i n e d  
a t  20  K N  t o  t h e  c y c l e  w e  w i l l  h a v e  v e r y  h e l p f u l  
i n f o r m a t i o n  f o r  f f o r m u l a t i o n .  The  d r a w b a c k  i s  t h a t  
t h e  a d j u s t m e n t  i s  t e d i o u s  a n d  t a k e s  a Long t i m e .  
M o r e o v e r ,  t h e  q u a l i t y  o f  a p r o d u c t  u n d e r  c o m p r e s s i o n  
c a n n o t  b e  a s s e s s e d  by a s i n g l e  c o m p r e s s i o n  a t  
a s t a t e d  a d j u s t m e n t .  The a s s e s s m e n t  r e q u i r e s  t h e  
e v o l u t i o n  o f  t h e  f o i r c e  a n d  o f  t h e  h i s r d n e s s  i n  
r e l a t i o n  w i t h  t h e  a d j u s t m e n t  o f  t h e  m a c h i n e  ( 1 0 ) .  
A n o t h e r  p o s s i b i l ~ t y  i s  t o  c o m p r e s s  a l l  t h e  p r o d u c t s  
s o  a s  t o  o b t a i n  t h e  same h a r d n e s s  a n d  {to c o m p a r e  
t h e  r e s p o n s e s  o f  t h e  m e a s u r e d  f o r c e s  a n d  Lhe c y c l e s .  
B u t  t h e  d r a w b a c k  i s  t h a t  w e  c a n n o t  f i n d  a h a r d n e s s  
v a l u e  w h i c h  c a n  b e  u s e d  a s  a c o m p a r i s o n  v a l u e  
f o r  a l l  p r o d u c t s .  B e s i d e s ,  t h e  a d j u s t m e n t s  s t i l l  
t a k e  much t i m e .  T h e s e  o b v i o u s l y  l i m i t  t h e  t e c h n i q u e s  
w h i c h  h a v e  b e e n  p r o p o s e d  u n t i l  now. I t  i s  t h e  
r e a s o n  why w e  p r o p o s e  i n  t h e  s t u d y  a c o m p u t e r i s e d  
t e c h n i q u e  t o  o v e r c o m e  t h e s e  l i m i t s .  

EQUIPMENT -_-______ 

1. T a b l e t  m a c h i n e  

The t r i a l s  h a v e  b e e n  made o n  a F R O G E R A I S  O A  e c c e n t r i c  
t a b l e t  m a c h i n e  w i t h  p u n c h e s  o f  a 1.128 cm d i a m e t e r .  
S o  t h e  a r e a  o f  t h e  p u n c h  i s  e q u a l  t o  1 cm2. The 
d e p t h  o f  t h e  c h a m b e r  j.s s e t  t o  1 cnn. C a l n s e q u e n t l y  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
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1872  GUYOT, DELACOURTE, AND MARIE 

all the experiments are carried out with a constant 
volume of 1 cm3. 

2. Sensors 

Upper and lower punches are instrumented with 
strain gauges. They have been calibrated against 
a reference device in a hydraulic press. The linearity 
of the response is guaranteed for the range of 
measurement used. 
A linear variable differential transformer measures 
the displacement of the upper punch inside the 
die with an accuracy of 1/100th of mm. The calibration 
and the linearity have been controlled against 
a comparator with an accuracy of 1/100th of mm. 

------- 

3. Electronics 

The strain gauges and the displacement transducer 
are connected to wheatstone bridges selected according 
to the frequency of the phenomena to be measured. 
The visualisation of the signals is obtained with 
a Y1, Y2/X oscilloscope. 

4. Computers 

The equipment used is an Apple I I E  micro-computer 
with a 64K RAM central unit, 2 disk drives, a 
monitor, and an Imagewriter printer. An amplifier 
interface developed in our laboratory processes 
the signals which are fed into a multiplexor and 
then into an analogue digital converter. The programs 
developed in our laboratory allow the sampling 
of the signals with a frequency of 2KHZ. The digital 
values are stored by the central unit which converts 
them into Newtons for the forces and millimetres 
for the displacement ; at the beginning of the 
process, the values of calibration and sensitivity 
of the bridges are keyed in. The measurements 
can be made on a single tablet or on a sequence 
of two to ten tablets ; in that case the responses 
are the average of the results obtained for 
each compression. The masses, the thickness 
and the hardness of the tablets are keyed in. 
They are stored with the responses in a file 
on a floppy disk. The exploitation can be made 
at a later stage with a processing program. 
A few adaptations enable the equipment and the 
program to be used for the measurement of forces 
on a rotary press. But in this case the measurement 

- - --- - - -- 
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COMPUTER DETERMINATION AND COMPARISON 1873 

o f  t h e  d i s p l a c e m e n t  o f  t h e  p u n c h e s  i s  n o t  p o s s i b l e ;  
n o  c y c l e  o f  t h e  f o r c e  a g a i n s t  t h e  d i s p l a c e m e n t  
o f  t h e  p u n c h  c a n  b e  o b t a i n e d .  As a r e s u l t ,  t h e  
s t u d i e s  o f  f o r m u l a t i o n  c a n  b e  c a r i r i e d  o u t  o n  
a s i n g l e  p u n c h  m a c h i n e  o n l y .  

R E S U L T S  A N D  D I S C U S S I O N  -- 

I n s t e a d  o f  t r y i n g  t o  a d j u s t  t h e  m a c h i n e  t o  o b t a i n  
e i t h e r  a d e f i n i t e  f o r c e  l e v e l  or a d e f i n i t e  
t a b l e t  h a r d n e s s ,  w e  p r o p o s e  t o  c a r r y  o u t  a t  
l e a s t  f i v e  c o m p r e s s i o n  t r i a l s  a t  d i f f e r e n t  
a d j u s t m e n t s  i n  o r d e r  t o  c o v e r  a l l  t h e  i n t e r e s t i n g  
p o s s i b i l i t i e s ,  t h a t  i s  t o  o b t a i n  t a b l e t s  w i t h  
h a r d n e s s  r a n g i n g  f r o m  t h e  minimumi a c c e p t a b l e  
t o  meet i n d u s t r i a l  r e q u i r e m e n t s  t o  t h e  maximum 
t h a t  c a n  b e  o b t a i n e d  w i t h  t h e  e q u i p m e n t .  F o r  
e a c h  o f  t h e s e  t r i a l s  a l l  t h e  p a r a m e t e r s  o f  t h e  
e x p e r i m e n t  t o g e t h e r  w i t h  t h e  v a l u e s  o f  masses ,  
t h i c k n e s s  a n d  h a r d n e s s  o f  t h e  t a b l e t s  a r e  s t o r e d  
o n  t h e  d i s k  witth t h e  v a l u e s  o f  f o r c e s  a n d  d i s p l a -  
c e m e n t  r e q u i r e d  a u t o m a t i c a l l y .  F o r  e a c h  p r o d u c t ,  
c o m p r e s s e d  w i t h  d i f f e r e n t  d i s p l a c e m e n t s ,  w e  
o b t a i n  a s e r i e s  o f  f i l e s  t h a t  w e  a r e  g o i n g  t o  
p r o c e s s  w i t h  t h e  p r o g r a m  p r o p o s e d  a c c o r d i n g  
t o  t h e  f o l l o w i n g  s c h e d u l e .  

1. _ _ _  S c r e e n i n g  ____  - 
F i r s t ,  o u r  p r o g r a m  a l l o w s  t h e  d i s p l a y  o n  t h e  
s c r e e n  o f  t h e  d o t s  r e p r e s e n t a t i v e  o f  t h e  h a r d n e s s  
o f  t h e  t a b l e t s  o b t a i n e d  a g a i n s t  t h e  maximum 
v a l u e  o f  t h e  f o r c e  o b t a i n e d  d u r i n g  c o m p r e s s i o n .  
F o r  e a c h  a d j u s t m e n t  t h e r e  c o r r e s p o n d s  o n e d o t . .  
The c o m p u t e r  c a l c u l a t e s  a n d  d i s p l a y s  t h e  r e g r e s s i o n  
c o e f f i c i e n t s  a n d  d r a w s  t h e  r e g r e s s i o n  l i n e .  
T h i s  e n a b l e s  t h e  o p e r a t o r  t o  c h e c k  if t h e r e  
i s  n o  a b e r r a n t  e x p e r i m e n t a l  r e s u l t  ; i n  t h a t  
c a se  i t  i s  p o s s i b l e  t o  e l i m i n a t e  t h o s e  v a l u e s .  
T h i s  w i l l  e n t a l i l  t h e  c a l c u l a t i o n  a n d  t h e  d i s p l a y  
o f  a new r e g r e s s i o n  l i n e .  The p o s i t i o n i n g  o f  
t h e  e x p e r i m e n t a l  d o t s ,  c o m p a r e d  t o  t h e  r e g r e s s i o n  
l i n e ,  a n d  t h e  o b s e r v a t i o n  o f  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  e n a b l e  u s  t o  r e a l i s e  i f  c e r t a i n  
e x p e r i m e n t a l  c o n d i t i o n s ,  w h i c h  g a v e  t h e  h a r d e s t  
t a b l e t s ,  a r e  n o t  o u t s i d e  t h e  l i m i t s  o f  t h e  h y p o -  
t h e s i s  p r o p o s e d ,  t h a t  is a l i n e a r  r e l a t i o n  b e t w e e n  
t h e  m e a s u r e d  f a r c e  a n d  t h e  h a r d n e s s  o f  t h e  t a b l e t s .  
As f i g u r e  1 s h o w s ,  i t  c a n  o f t e n  b e  n o t i c e d  t h a t  t h e  
i n c r e a s e  o f  t h e  h a r d n e s s  i s  not.  l i n e a r ,  b e y o n d  
a c e r t a i n  f o r c e  l e v e l .  
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1874 

DURETE (N) 

GUYOT,  DELACOURTE, AND MARIE 

200 

160 

120 

80 

40 

"1 MAX (KN) - I ,  

4 8 12 16 20 24 28 

_- F I G U R E  - - - __  - 1 : Hardness of the tablets against the 
force measured-left : without screening right: 
after screening 
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COMPUTER DETERMINA? I O N  AND COMPARISON 1875  

I t  i s  o b v i o u s  t h a t  f o r  s u c h  p r o d u c t s ,  we m u s t  
r e m a i n  w i t h i n  t h i s  f o r c e  l e v e l  a s  t h e  " t e c h n o l o g i c a l  
e f f i c i e n c y "  i s  l o w e r  a n d  t h e  c o n v e n t i o n a l  c o n s e -  
q u e n c e s  o f  a n  e . x c e s s  o f  e n e r g y  c o n s u m p t i o n  a r e  
c a p p i n g ,  s t i c k i n g  a n d  e j e c t i o n  p ~ - o b k m s .  A s  
a c o n s e q u e n c e ,  i t .  i s  n e c e s s a r y  t o  e l i m i n a L e  
a l l  t h e  d o t s  o u t  o f  t h e  l i n e a r  z o n e  ; the e x t r e m e  
e x p e r i m e n t s  w h i c h  a r e  t a k e n  i n t o  a c c o u n t  c o n s t i t u t e  
t h e  l i m i t s  o f  t h e  z o n e  i n s i d e  w h i c h  t h e  l i n e a r i t y  
h y p o t h e s i s  i s  v e r i f i e d  ; t h e  p r o ' d u c t j ~ o n  m u s t  
b e  c a r r i e d  o u t  w i t h i n  t h e s e  l i m i t s .  

C o h e s i o n  i n d e x  2 .  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

When t h e  s c r e e n i n g  i ; s  o v e r ,  t h e  compu teir g i v e s  
t h e  t a b l e  o f  t h e  c h a r a c t e r i s t i c  v a l u e s  f o r  t h e  
e x p e r i m e n t s  ta iken i n t o  a c c o u n t .  ( T a b l e  1 ) .  
Among t h o s e  ' v a l u e s ,  w e  p r o p o s e  t .he r a t i o  P S / T S  
o f  t h e  maximum p r e s s u r e  m e a s u r e d  on t h e  upper .  
p u n c h  t o  t h e  t e n s i l e  s t r e n g t h  '(11) o f  t h e  t a b l e t s .  
T h i s  r a t i o  q u a n t i f i e s  t h e  t e c h n o l o g i c , a l  e f f i c i e n c y  
o f  t h e  c o m p r e s s i o n  o p e r a t i o n  f o r  t h e  p r o d u c t  
c o n c e r n e d  u n d e r  t h e  m e c h a n i c a l  c o n d i - t i . o n s ,  s t a t e d .  
I n d e e d ,  P S  i s  t h e  r a t i o  o f  t h e  f o r c e  m e a s u r e d  
t o  t h e  a r e a  o f  t h e  p u n c h  ; t h i s  f o r c e  i s  t h e  
r e s u l t a n t  b e t w e e n  t h e  m e c h a n i c a l  f o r c e  d t z t e r m i n e d  
by t h e  a d j u s t m e n t  o f  t h e  m a c h i n e  a n d  t h e  r e l s i s t a n c e  
o f  t h e  p r o d u c t .  The t e n s i l e  s t r e m g t . h  i s  t h e  
r a t i o  o f  t h e  f o r c e  o p p o s e d  by t h e  t i i b l e t  t o  
t h e  c r u s h i n g  t o  t h e  d i a m e t e r  a n d  t h e  t h i c k n e s s  
o f  t h e  t a b l e t .  T h e r e f o r e  t h e  r a t i o  o f  t h e s e  
two  p r e s s u r e s  i s  a number  w i t h o u t  d i m e n s i o n s  
w h i c h  c h a r a c t e r i s e s  t h e  c o h e s i o n  c a p a c i t y  o f  
t h e  p r o d u c t .  
B u t  i t  c a n  b e  n o t i c e d  t h a t  t h i s  i n d e x  v a r i e s  
a c c o r d i n g  t o  t h e  m e c h a n i c a l  c o n d i t i o n s  o f  t h e  
t r i a l .  
T h i s  p r o b l e m  w i l l .  b e  s e t t l e d  b y  t h e  c o n t i n u a t i o n  
o f  t h e  p r o g r a m .  
A f t e r  t h e  t a b l e  o f  t h e  c h a r a c t e r i s t i c  v a l u e s  
o f  t h e  d i f f e r e n t  f i l e s ,  t h e  c o m p u t e r  d r a w s  t h e  
r e g r e s s i o n  l i n e  (of t h e  t e n s i l e  s t r e n g t h  a g a i n s t  
t h e  p r e s s u r e  m e a s u r e d  o n  t h e  u p p e r  p u n c h .  The 
s l o p e  o f  t h i s  l i n e  i s  a g e n e r a 1 . i s a t . i o n  o f  t h e  
c o h e s i o n  i n d e x  P S / T S .  
T h i s  g r a p h i c  r e p r e s e n t a t i o n  a n d  t h e  v a l u e  o f  
t h e  s l o p e  a r e  p a r t i ' c u l a r l y  h e l p f u l  t o  c o m p a r e  
p r o d u c t s  w h i c h  a r e  n e a r 1 . y  s i m i l a r  as f a r  a s  
t h e n  c o m p r e s s i o n  c a p a c i t y  i s  c o n c e r n e d .  
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1876 GUYOT, DELACOURTE, AND MARIE 

----- TABLE --- 1 : Comparison of the characteristic 
values of different files 

---a=--- - --- ---- 
! XMAX ! Y l M  ! Y W  ! Y 2 M 1  ! DUR ! EPCIIS ! MASSE ! PS/TS ! 
! trn) ! (KN) ! (KN) ! ! (N) ! ( 0 4 )  ! IG) ! ! 

I 
t 
V 

f 
he 
er 

we superimpose the different regression lines, 
compared qualities of the products appear 

The interest of the program is in the fact that 
the results are obtained after a screening which 
has eliminated the aberrant trials and parti- 
cularly the dots out of the zone of application 
of the linear model, in opposition to previous 
studies. 

y clearly (figure 2). 

3 .  Simulation 

The continuation of the program enables the 
computer, by using the regression equation to 
calculate the values of the maximum of the forces 
which would be measured if the machine was adjusted 
to obtain a determined value of the average 
hardness of the tablets. Vice-versa, it enables 
the computer to calculate the hardness of the 
tablets which would be obtained if the machine 
was adjusted to measure a determined value of 
the maximum force on the upper punch. 
This can be achieved on a rotary press as well 
as on a single punch machine, but the use of 
a single punch machine will, in both cases, 
provide the supplementary indication of the 
corresponding value of the maximum displacement. 
The interest of this simulation technique is 
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COMPUTER D E T E R M I N A T I O N  AND COMPARISON 1 8 7 7  

UPPER PUNCH FORCES (N) 

FICL'T'C L : CorpJsison o f  t h e  comFression c a p a c i t y  of  

u i f f e r e n t  p r o t i ~ c t s  hy t he  u s 2  of the r e g r e s s i o n  l i n e s .  

o b v i o u s  : s u p p o s e  w e  h a v e  t o  c o m p a r e  a m i x t u r e  
o b t a i n e d  a f t e r  m o d i f y i n g  t h e  p r o c e s s  t o  t h e  
r e f e r e n c e  m i x t u r e .  W i t h  t h e  c o n v e n t i o n a l  t e c h n i q u e ,  
w e  t r y  t o  c o m p r e s s  t h e  new m i x t u r e  u n d e r  e x p e r i -  
m e n t a l  c o n d i t i o n s  as  n e a r  a s  p o s s i b l e  t o  t h e  
c o n d i t i o n s  u n ' d e r  wh i ' ch  t h e  r e f e r e n c e  m i x t u r e  
w a s  co rnpres sed l .  I t  i s  w e l l  known t h a t  i t  i s  
p r a c t i c a l l y  i m p o s s i b l e  t o  o b t a i n  e x a c t l y  t h e  
same a d j u s t m e n t  o r ,  a t  l e a s - t ,  t h a t  i t  w o u l d  
b e  v e r y  t e d i o u s  a n d  w o u l d  t a k e  a long t i m e .  
A s  a r e s u l t ,  fin c a s e  o f  n e a r l y  s i m i l a r  p r o d u c t s ,  
i t  i s  d i f f i c u l t  t o  a s c e r t a i n  i f  t h e  d i f f e r e n c e  
i n  t h e  r e s p o n s e  i s  d u e  e i t h e r  t o  thte d i f f e r e n c e  
i n  a d j u s t m e n t  o r  t o  thle p r o d u c t s ,  a n d  c o n s e q u e n t l y  
i t  i s  v e r y  d i f f i c u l t  t o  d r a w  a c o n c l u s i o n .  
W i t h  o u r  t e c h n i q u e ,  w e  p r o p o s e  t h e  f o l l o w i n g  
p r o c e d u r e  : a s e r i e s  o f  t r i a l s ,  a s c r e e n i n g  
a n d  t h e  c a l c u l a t i o n  by t h e  c o m p u t e r ,  f o r  e x a m p l e ,  
o f  t h e  u p p e r  p u n c h  m a x i m u m  f o r c e  f o r  e x a c t l y  
t h e  h a r d n e s s  v a l u e  o b t a i n e d  w i t h  t h . e  r e f e r e n c e  
m i x t u r e .  B u t  i t  i s  a b s o l u t e l y  n e c e s s a r y  t o  r e m a i n  
w i t h i n  t h e  l i m i t s  d e f i n e d  b e f o r e h a n d .  
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1878 GUYOT, DELACOURTE, AND MARIE 

The difference noticed can only be due to the 
process modification. Therefore it is an extremely 
powerful tool which is proposed here to compare 
the compression capacities of the various products. 
With this simulated file, the computer gives 
a table of the characteristic values particularly 
the cohesion index. 
This index, obtained with different products 
under exactly the same conditions, is very 
helpful. F o r  formulation studies and quality 
control, as the products are nearly similar, 
the imposed value will be the hardness of the 
reference batch. But, to compare products with 
very different densities, the imposed value 
will be, for example, an upper punch force of 
20KN. Then the cohesion index PS/TS allows 
the classification of the products. But we 
can go much further into this simulation and, 
by using the computer, calculate the coordinates 
of esch dot of the curves of the upper punch 
force, and of the displacement (fora single 
punch machine only) against time. It is then 
possible, by using the computer, to draw the 
compression cycle which would be obtained for 
a given hardness. The comparison of the cycles 
is then made easier and is very useful for 
the formulation specialist (figure3). 

The last part of our program is to give an equation 
of the curve representing the force against 
the displacement of the upper punch in the die. 
This will be carried out by using the file obtained 
by simulation at 20KN o r  for a given hardness. 
The aim of this technique is to obtain supple- 
mentary parameters which could inform us on 
the compression capacity of a powder. Many authors 
have proposed equations to describe the deformation 
of the powder under compression (12). The best- 
known is HECKEL'S equation (13) but we have 
chosen to consider the equation proposed by 
KAWAKITA and LUDDE in 1966 (14). According to 
these authors, the degree of reduction of the 
powder bed volume (c) is such as c = _ _ _ _ _ _  Vo-V= ---- abP 

in which a and b are constants, P the pressure, 
V the powder bed volume under pressure P and 
Vo the apparent initial volume, hence p _ = l  +-El 

Vo l+bP 

c ab a 
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LACTOSE E?'K +*0.5% Mg. St. 

;r .. :. FOR THE !:AM€ : .  - .  HARDNESS (50 N) . .  . .  . .  "' a DIPAC + 0.5% Hg. St. 

***: .I/! .. *..A ; 
*,? - .. ... **...'. . I  * . + GWL. ,-JL I rJ. -. . -. . l.. -. . -. . .) . I -. . -. . -. . , . . - I,. - . . - . , - I, I, - . . - . . l.. I.. - . . - . . - . . . x 

FIGURE 3 : Co#mparison o f  t h e  c y c l e s  olf two 
p r o d u c t s  s imula i t ed  f o r  t h e  same h a r d n e s s  (501V). 
1. L a c t o s e  E F K  2 .  D i p a c  

---------- 

S o ,  we o b t a i n  a l i n e a r  model P a s  a f u n c t i o n  
n 

o f  P which  i s  v a l i d  when P i s  n o t  t o o  low. S i n c e  
a l l  o u r  t r i a l s  a r e  c a r r i e d  o u t  w i t h  t h e  same 
d i a m e t e r  o f  t h e  d i e ,  KAWAKITA's e q u a t i o n  c a n  
be  changed  a s  f o l l o w s  : __ _ Y - = - - 1 - +-_Y._ 

ho-h a b  a ---- 
ho  

i n  which  Y is t h e  f o r c e  m e a s u r e d  on t h e  u p p e r  p u n c h ,  
ho t h e  d e p t h  o f  t h e  c o m p r e s s i o n  chamber  and h 
t h e  h e i g h t  o f  t h e  powder  bed  a f t e r  c o m p r e s s i o n  
( f i g u r e  4 ) .  
A s  t h e  d i s p l a c e m e n t  X o f  t h e  u p p e r  punch  i n  
t h e  d i e  i s  e q u a l  t o  ( h o  - h )  w e  o b t a i n  : 

Y = 
X a b  81 

--- 1 + -3- --- 
--_ 
h o  

o r  hoY = _-- 1 + ___ Y or -aho_?_r-X!L = _- L 1 
X a b  a a X  a b  

that is t o  say ( a h o  - X )  Y = X 
b 

a n d  i n  o u r  c a s e  where  ho  i s  e q u a l  t o  1 : 

-__ 

Y =  X 
- bX + ab 
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1880 GUYOT, DELACOURTE, AND MARIE 

FIGURE 4 :Compression chamber of a single punch machine. 

This is the equation of an equilateral hyperbola. 
(figure 5 )  

It can be linearized into y by X as a function 
o f Y :  --- Y = --- 1 i  _-_ Y (figure 6) 

X ab a 

As KAWAKITA indicated that his equation is valid only 
when the forces measured are not too low, we 
considered that the linearization according to this 
equation can be verified only if we eliminate 
the dots corresponding to the values of Y which 
are too low. These values lead to a correlation 
coefficient which cannot be accepted. When these 
values are eliminated, from a certain displacement 
value onwards which we called llM1l, the correlation 
coefficient becomes satisfactory, and the linea- 
rization is verified. 
So, we have devised a program which allows, from 
an experimental or simulated file, the automatic 
calculation of : 
- the value of the displacement M expressed 
in 1/100 of mm ,  for a depth of the compression 
chamber ho = 1 cm, from which the dots are 
according to the equation-?- = AiBY 

for a linear correlation coefficient 
or superior to 0.9990. 
- the value of the intercept (A) and of 

X 

linearized 
and 

r equal 

the slope 
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COMPUTER DETERMINATION AND COMPARISON 1881 

FIGURE 5 : The equilateral hyperbola of the Kawakita model. 

FIGURE 6 : Linearisation of the Kawakita model ----- --- 
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1882 GUYOT,  D E L A C O U R T E ,  AND M A R I E  

( B )  of this function in which Y is expressed 
in KN and X in mm. 
- by inverting the slope ( l / B ) ,  we obtain the 
value o f  the asymptote on the x-axis expressed 
in mm. 
To validate this model, we used a program which 
displays the curve of Y against X using the 
values of A and B obtained and calculates every 
point and the area under the curve. 
From the results it can be noticed that the 
curve obtained is very similar to the experimental 
one ; this is confirmed by the similarity o f  
the values o f  forces and areas o f  both the 
calculated curve and the experimental one. 
The interest of this program is evident as it 
allows, for the law 0 7  the behaviour o f  the 
powder under compression, the expression of 
three parameters which are very useful for indus- 
trial purposes : 
- M is the value of the displacement of the 
upper punch just between the packing phase and 
the actual compression phase. From this value 
onwards the model is verified. 
With a number of products, we compared the calcu- 
lated values of M and the experimental value 
of F that we proposed before (12). A s  a reminder, 
the value F is the maximum displacement of the 
upper punch to obtain a tablet with zero hardness. 
We have shown that this value is very useful 
to compare the compression capacity o f  powders. 
We must point out that the value M does not 
take into account the notion of hardness of 
the tablet obtained. But if we classify the 
products according to the values of F o r  M ,  
we notice that the products appear in the same 
order, which means that the automatic calculation 
of M seems to be as useful as the experimental 
determination of F. 
- the second parameter is the slope B which 
characterises the aspect of the curve and could 
in a way allow the evaluation of the plasticity 
of the product. 
- the third parameter is the assymtote on the 
x-axis obtained by calculating 1 / B  ; it is the 
second limit of  the validity of the model. Then 
(l/B)-M can be deducted : it corresponds to 
the tabletibility range ; we have shown the 
interest of this notion on a practical 
level (15). 
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COMPUTER DETERMINATION AND COMPARISON 1883 

The study technique that we propose allows 
the pharmacist to save time during the experimental 
phase as it is no longer necessary to adjust 
the machine precisely to obtain a reference 
value of force or hardness. 
The screening phase prop o s e d is very 
important as it allows the pharmacist to limit 
nimself to the range of forces leading to a 
technologically efficient response. 
We propose a cohesion index to characterise 
a product and to compare different products 
finely . 
The simulation and modelisation programs enable 
the pharmacist to obtain very helpful parameters 
f o r  tablet formulatian, scaling up and quality 
control. 
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