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ABSTRACT 

In t h i s  s t u d y ,  a Pha rma  250 S a h u t - C o n r e u r  r o l l e r  

c o m p a c t o r  a n d  a MG 3 3 3  F r e w i t t  o s c i l l a t i n g  

g r a n u l a t o r  i s  u s e d  i n  o r d e r  t o  o b t a i n  g r a n u l e s  t o  

be c o m p r e s s e d .  T h e  c o m p a c t o r  is  f i t t e d  w i t h  s t r a i n  

g a u g e s  w h i c h  m e a s u r e  t h e  f o r c e s  d u r i n g  c o m p a c t i o n .  

T h e  a u t o r s  d e m o n s t r a t e  t h a t  t h e  f o r c e  m e a s u r e d  i s  

a f o n c t i o n  of t h e  r a t e  b e t w e e n  t h e  s p e e d  o f  t h e  

* To whom c o r r e s p o n d e n c e  s h o u l d  b e  a d d r e s s e d  
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JEROME ET A L .  1572 

f e e d i n g  screw and  t h e  s p e e d  o f  t h e  w h e e l e s ;  i t s  

d e p e n d s  o n  t h e  p r e s s u r e  a p p l i e d  a n d  o n  t h e  

c o n f i g u r a t i o n  o f  t h e  m a c h i n e .  

INTRODUCTION 

I n  powder  t e c h n o l o g y ,  i t  is  o f t e n  n e c e s s a r y  

t o  m o d i f y  t h e  c h a r a c t e r i s t i c s  of f i n e  p o w d e r s  i n  

o r d e r  t o  o b t a i n ,  more e a s i l y ,  a more s t a b l e  

m i x t u r e ,  a b e t t e r  f l o w a b i l i t y ,  o r  a b e t t e r  

t a b l e t t i b i l i t y .  

W e  f i n d  t h e s e  p r o b l e m s  i n  t h e  p h a r m a c e u t i c a l  

l a b o r a t o r i e s  w h e r e  p e o p l e  h a v e  t o  d e v e l o p  new 

f o r m u l a t i o n s .  B u t  t h e  same p r o b l e m s  o c c u r  i n  t h e  

c h e m i c a l  f a c t o r i e s ,  w h e r e  powdered  d r u g s  and  

e x c i p i e n t s  a r e  m a n u f a c t u r e d  i n  o r d e r  t o  o b t a i n  r aw 

m a t e r i a l s  c h a r a c t e r i s e d  b y  t e c h n o l o g i c a l  

p r o p e r t i e s .  

To s o l v e  t h o s e  p r o b l e m s ,  o n e  o f  t h e  p o s s i b l e  

t e c h n i q u e s  i s  t o  d e n s i f y  t h e  f i n e  p o w d e r s  i n t o  

g r a n u l e s .  Among t h e  p r o c e s s e s  o f  d e n s i f i c a t i o n ,  

d r y  g r a n u l a t i o n  is  v e r y  i n t e r e s t i n g  u s i n g  e i t h e r  

b r i q u e t t i n g  o r  c o m p a c t i o n .  
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1573 

In a previous paper (11, we presented a new 

compactor - granulator specially developed for 

pharmaceutical technology according to good 

manufacturing practices. We studied the effects of 

compactor adjustmemts on the properties of powders 

(2,3). We demonstrated that, generally, the 

pressure applied by the movable wheel is not a 

predominant factor : the most important factor is 

the speed of the precompactor screw in relation to 

the speed of the wheels. The compaction requires a 

ratio between the speed of the wheels and the 

speed of the precompactor screw which is a 

non-dimensional number characteristic for a given 

powder. 

In order to obtain more information about the 

behaviour of the powder during compaction, and 

then to know how to optimize the adjustments of 

the compactor for a given powder, we have stuck 

strain gauges on the device and studied the curves 

of the resulting stress against time in different 

conditions. 

In the present paper, we will describe the 

instrumentation developed and the general profile 
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1574 JEROME ET A L .  

of the curves obtained. Then we will use this tool 

to study the influence of the compactor 

adjustments and we will give a few examples of 

pratical applications to demonstrate the interest 

of this instrumentation. 

MATERIALS AND METHODS 

Description of the instrumentation 

During compaction, the stirrup-piece, which 

maintains the fixed wheel in position, presses on 

two hardened steel cylinders. On these cylinders, 

we have stuck strain gauges connected to measuring 

bridges ( 4 ) .  The signal obtained is visualised on 

a digital oscilloscope (5) and recorded on a high 

speed recorder ( 6 ) .  

For the calibration, the cylinder is pressed 

between a hydraulic jack and a standardized 

electronic device inside a press. 

The amplitude of the signal is adjusted and 

the linearity is verified. 
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1575 

E x p e r i m e n t a l  c o n d i t i o n s  

T h e  c o m p a c t i o n  i s  c a r r i e d  o u t  o n  a 

P h a r m a p r e s s  250 S a h u t - C o n r e u r  Compac to r  G r a n u l a t o r  

( 7 )  f i t t e d  w i t h  w h e e l s  o f  250mm i n  d i a m e t e r  and  4 0  

mm i n  w i d t h .  

On t h i s  c o m p a c t o r ,  i t  i s  p o s s i b l e  t o  a d j u s t  

t h e  s p e e d  o f  t h e  p r e c o m p a c t o r  screw f r o m  1 5  t o  100  

rpm, t h e  s p e e d  o f  t h e  w h e e l s  f r o m  3 . 3  t o  27 rpm, 

and  t h e  p r e s s u r e  a p p l i e d  by t h e  m o v a b l e  w h e e l  f r o m  

1 5 0 0  t o  6 0 0 0  daN p e r  l i n e a r  c e n t i m e t r e  

c o r r e s p o n d i n g  t o  6 0  t o  200 b a r s  on  t h e  h y d r a u l i c  

d e v i c e .  

T h e  g r a n u l a t o r  i s  a F r e w i t t  MG 3 3 3  

o s c i l l a t i n g  g r a n u l a t o r  ( 8 )  f i t t e d  w i t h  d i f f e r e n t  

t y p e s  o f  g r i d s  a c c o r d i n g  t o  t h e  p r o d u c t  a n d  t h e  

r e s u l t  w h i c h  i s  a imed  a t .  

The m i x i n g  o f  t h e  g r a n u l e  w i t h  t h e  l u b r i c a n t  

i s  made i n  a T u r b u l a  m i x e r  ( 9 ) .  

The c o m p r e s s i o n  i s  made o n  a F r o g e r a i s  OA 

s i n g l e  p u n c h  m a c h i n e  ( 1 0 )  f i t t e d  w i t h  f l a t  

p u n c h e s  o f  1 cm2 a rea  ( 1 1 . 2 8  mm i n  d i a m e t e r )  
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1576 JEROME ET A L .  

i n s t r u m e n t e d  w i t h  s t r a i n  g a u g e s  c o n n e c t e d  by 

m e a s u r i n g  b r i d g e s  ( 4 )  t o  a c o m p u t e r i s e d  a p p a r a t u s  

d e v e l o p e d  i n  o u r  l a b o r a t o r y  (11) w h i c h  c a r r i e s  o u t  

t h e  a c q u i s i t i o n  a n d  t h e  p r o c e s s i n g  of t h e  d a t a  

o b t a i n e d .  

The h a r d n e s s  o f  t h e  t a b l e t s  i s  m e a s u r e d  w i t h  t h e  

a i d  of d y n a m o m e t r i c  p i n c e r s  d e v e l o p e d  i n  o u r  

l a b o r a t o r y  ( 1 2 ) .  

RESULTS AND DISCUSSION 

C u r v e  p r o f i l e s  

The f o r c e  m e a s u r e d  by t h e  s e n s o r  i s  t h e  

r e s u l t a n t  b e t w e e n  t h e  f o r c e  a p p l i e d  by t h e  w h e e l  

and  t h e  r e s i s t a n c e  o f  t h e  powder p u s h e d  by t h e  

screw o f  t h e  p r e c o m p a c t o r .  

F o r  a g i v e n  p o w d e r ,  t h i s  r e s i s t a n c e  i s  

d e p e n d e n t  o n  t h e  amoun t  o f  powder  w h i c h  i s  r e l a t e d  

t o  t h e  s p e e d  of t h e  p r e c o m p a c t o r  €or  a g i v e n  s p e e d  

of t h e  w h e e l .  

A t  t h e  b e g i n n i n g ,  t h e  amount  of powder  i s  

s m a l l ,  a n d  t h e  s i g n a l  i n c r e a s e s  g r a d u a l l y  d u r i n g  

t h e  r i s i n g  p h a s e s  ( p a r t  1 i n  f i g  1 ) .  
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MEASUREMENT O F  R E S U L T I N G  F O R C E S  ON R O L L E R  COMPACTOR 1 5 7 7  

The  s e c o n d  p h a s e  ( p a r t  2 i n  f i g  1 )  o f  t h e  

c u r v e  i s  more o r  l e s s  a p l a t e a u ,  t h e  l e n g t h  o f  

w h i c h  d e p e n d s  on  t h e  b u l k  d e n s i t y  o f  t h e  powder  

( f o r  t h e  same volume o f  powder and  a g i v e n  s p e e d  

o f  t h e  w h e e l s ) .  

A f t e r  t h i s  p h a s e ,  t h e  amount  o f  powder 

b e t w e e n  t h e  w h e e l s  is  n o t  s u f f i c i e n t  a n d  t h e  f o r c e  

d e c r e a s e s  r a p i d l y  ( p a r t  3 i n  f i g  1). T h i s  p l a t e a u  

i s  c h a r a c t e r i s e d  by  i t s  h e i g h t ,  i n  r e l a t i o n  t o  t h e  

r e s u l t i n g  f o r c e  l e v e l ,  a n d  by t h e  s h a p e  o f  t h e  

i n d e n t a t i o n  w h i c h  a r e  c h a r a c t e r i s t i c  o f  a powder  

i n  c e r t a i n  c o n d i t i o n s .  

F i g u r e  2 shows t h a t ,  a f t e r  t h e  i n i t i a l  

f e e d i n g  p h a s e ,  t h e  p r o f i l e  is  c h a r a c t e r i s e d  by  a 

p a t t e r n  w h i c h  is  a l w a y s  t h e  same d u r i n g  powder  

c o m p a c t i o n .  I n  t h i s  f i g u r e ,  w e  h a v e  t h e  b e g i n n i n g  

o f  t h e  c u r v e  and  a f u r t h e r  p a r t  o f  t h e  c u r v e  a f t e r  

a l a p s e  o f  t i m e  : w e  c a n  o b s e r v e  t h a t  t h e  p a t t e r n  

i s  a l w a y s  t h e  same w i t h  t h e  same f r e q u e n c y  and  t h e  

same a m p l i t u d e .  

I n  f i g u r e  3 ,  w h i c h  is  o b t a i n e d  w i t h  c o r n  

s t a r c h  ( 1 3 ) ,  t h e  d i f f e r e n c e s  b e t w e e n  maximum and  
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1578 JEROME ET A L .  

2800 

2000 

1200 

400 

I 

25 50 75 100 125 150 t im(sr r )  

FIGURE 1. Example of compaction profile 

time fsec) 
I I I 1 I 1 1 

25 50 75 100 125 150 175 

FIGURE 2. Characteristic compaction profile 
in good conditions for a given product 
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1579 

1600 - 
lzoo - 
800 - 
400 - Jkm-\Puq 

lime (we) 

FIGURE 3. Compaction profile of powder 
with bad flowability 

minimum are bigger. One of the reasons is the bad 

flowability of this powder with a double 

compaction as a consequence. 

Figure 4 shows the differences obtained with 

two qualities of lactose (fine powder lactose and 

EFK lactose (14) compacted in the same conditions 

without perceptible differences during compaction. 

Influence of the different adjustments of the 

compactor on the records 

Type of wheels 

The curve of figure 1 was obtained with 

pockets wheels (such as tyres used to obtain coal 
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1580 JEROME ET A L .  

2000 

1600 

1200 

800 

400 

I I I I ' t k ( S e c )  
25 50 75 100 125 

FIGURE 4. Compaction profiles of two varieties 
of lactose in the same conditions 

b r i q u e t t e s ) .  The  p r o f i l e  i s  q u i t e  d i f f e r e n t  u s i n g  

w h e e l s  w i t h  s m a l l  s t i c k s .  F i g u r e  5 shows t h e  same 

p r o d u c t  c o m p a c t e d  i n  t h e  same c o n d i t i o n s ,  b u t  w i t h  

t h e  two d i f f e r e n t  t y p e s  o f  w h e e l s  d e s c r i b e d  a b o v e .  

I t  i s  e v i d e n t  t h a t  t h e  r e s i s t a n c e  o f  t h e  

powder  d e p e n d s  on  t h e  s h a p e  o f  t h e  p o c k e t s ,  b u t  

nowadays ,  w e  d o  n o t  know how t o  c h o o s e  t h e  b e s t  

w h e e l s  f o r  a g i v e n  p r o d u c t  and  f o r  a g i v e n  a i m  

( f l o w a b i l i t y ,  a b i l i t y  t o  o b t a i n  r i q h t  t a b l e t s  w i t h  

t h e  p o w d e r  p r o d u c e d  b y  g r a n u l a t i o n  of  t h e  

c o m p a c t s . . . ) .  
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1581 

800 - 
400- 

rime fsw) 

25 50 75 100 125 150 175 

FIGURE 5. Compaction profiles of the same 
product using two different kinds of wheels 

I n f l u e n c e  o f  t h e  p r e s s u r e  a p p l i e d  

I n  f i g u r e  6 ,  w e  c a n  see two c u r v e s  of 

c o m p a c t i o n  o f  E l c e m a  G 250 ( 1 5 )  o b t a i n e d  w i t h  t h e  

same s p e e d s  o f  t h e  w h e e l s  ( 5 . 7  rpm)  a n d  o f  t h e  

p r e c o m p a c t o r  screw ( 2 1 . 5  r p m ) ,  b u t  d i f f e r e n t  

v a l u e s  i n  t h e  a d j u s m e n t  o f  t h e  p r e s s u r e  ( 1 2 0  and  

150  b a r s ) .  W e  c a n  see t h a t  t h e r e  i s  n o  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  t w o  c u r v e s s ,  a n d  

p a r t i c u l a r l y  a s  f a r  a s  t h e  f o r c e  l e v e l  i s  

c o n c e r n e d .  

I n f l u e n c e  of t h e  s p e e d  o f  t h e  p r e c o m p a c t o r  

I n  f i g u r e  7 ,  w e  h a v e  t w o  c u r v e s  of c o m p a c t i o n  

of E l c e m a  G 250 o b t a i n e d  w i t h  t h e  same s p e e d  of 
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1582 JEROME ET A L .  

ulting f o e  measured 

1600 

1200 

800 

400 

25 50 75 100 125 150 

FIGURE 6. Compaction profiles of 
the same powder at two different pressures 

400 - 

I 1 I I I 
time(sec) 25 50 75 100 125 

FIGURE 7. Compaction profiles of Ekema 
at two different speeds of the precompactor screw 
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MEASUREMENT OF RESULTING FORCES ON ROLLER 

n 
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COMPACTOR 1583 
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FIGURE 8. Compaction profiles of lactose 
at three different speeds of the precompactor screw 

t h e  w h e e l s ,  t h e  same p r e s s u r e  a p p l i e d ,  b u t  t w o  

d i f f e r e n t  s p e e d s  o f  t h e  p r e c o m p a c t o r  screw. W e  c a n  

see a s u b s t a n t i a l  d i f f e r e n c e  on  t h e  m e a s u r e d  f o r c e  

l e v e l ,  w h i c h  c a n  be o p p o s e d  t o  t h e  l o w  i n f l u e n c e  

of t h e  p r e s s u r e  a p p l i e d  ( f i g . 6 ) .  

An o t h e r  e x a m p l e  i n  g i v e n ,  i n  f i g u r e  8 ,  w h e r e  

w e  c a n  c o m p a r e  t h e  c u r v e s  o b t a i n e d  w i t h  l a c t o s e  

f o r  t h r e e  d i f f e r e n t  a d j u s t m e n t s  o f  t h e  s p e e d  o f  

t h e  p r e c o m p a c t o r  screw b u t  t h e  same s p e e d  o f  t h e  

w h e e l s  ( 5 . 7  rpm) a n d  t h e  same p r e s s u r e  a p p l i e d  

( 1 2 0  b a r s ) .  I n  t h i s  e x a m p l e ,  w e  c a n  see t h a t  when 
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JEROME ET A L .  1584 

t h e  s p e e d  o f  t h e  p r e c o m p a c t o r  i n c r e a s e s ,  t h e  l e v e l  

o f  t h e  f o r c e  m e a s u r e d  i n c r e a s e s ,  b u t  t h e  r e l a t i o n  

b e t w e e n  t h e  s p e e d  a n d  t h e  f o r c e  m e a s u r e d  i s  n o t  

l i n e a r  : f r o m  1 7 . 5  t o  1 8 . 5  r p m ,  t h e  f o r c e  

i n c r e a s e s  f r o m  7 0 0  t o  2500 daN,  a n d  f r o m  1 8 . 5  t o  

2 1 . 5  rpm, t h e  f o r c e  i n c r e a s e s  o n l y  f r o m  2500  t o  

3200  daN.  

P r a c t i c a l  i n t e r e s t  o f  t h i s  i n s t r u m e n t a t i o n  

T h e  i n t e r e s t  o f  t h i s  i n s t r u m e n t a t i o n  i s  t o  

o b t a i n ,  d u r i n g  t h e  d e v e l o p m e n t  o f  a new p r o d u c t ,  

i n f o r m a t i o n  a b o u t  t h e  b e s t  a d j u s t m e n t s  t o  a c h i e v e  

o n e ' s  aim. W e  w i l l  g i v e  two examples : 

The first example : i s  a b o u t  t h e  c o m p a c t i o n  a n d  

g r a n u l a t i o n  o f  a p r o d u c t  v e r y  s e n s i t i v e  t o  water 

c o n t e n t .  

T h e  p r o b l e m  i s  t h e  f o l l o w i n g  : t h e  o r i g i n a l  

p r o d u c t  h a s  a wa te r  c o n t e n t  o f  3 0  %. C o m p a c t i o n  i s  

e a s y ,  b u t  t h e  g r a n u l a t i o n  o f  t h e  compacts is  

d i f f i c u l t  b e c a u s e  t h e r e  is  a c l o g g i n g  u p  o f  t h e  

g r i d .  A t  t h e  o p p o s i t e ,  a f t e r  t h e  d r y i n g  o f  t h e  

p r o d u c t  ( w a t e r  c o n t e n t  of 1 4  % ) ,  c o m p a c t i o n  i s  

d i f f i c u l t  a n d  r e s u l t s  i n  a c r i t i c a l  h e a t i n g  o f  t h e  
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1585 

250 - 

h U d i t y O f t h P p a r d e r  
0 
17 19 22 29 

FIGURE 9. level of the resulting force 
against humidity percentage of the powder 

p r o d u c t .  T h e  g r a n u l a t i o n  of t h e  c o m p a c t s  i s  e a s y  

b u t  w e  o b t a i n  too many f i n e s .  I t  i s  n e c e s s a r y  t o  

f i n d  a c o m p r o m i s e  b e t w e e n  t h e  water  c o n t e n t  o f  30 

a n d  1 4  % ,  b u t  w i t h o u t  i n s t r u m e n t a t i o n  i t  i s  v e r y  

d i f f i c u l t  b e c a u s e  w e  d o  n o t  g e t  a n y  i n f o r m a t i o n  

d u r i n g  t h e  c o m p a c t i o n  p h a s e .  

F i r s t  t h e  c u r v e s  o b t a i n e d  ( f i g .  9 )  show t h a t  

t h e  l e v e l  o f  t h e  r e s u l t i n g  f o r c e  i n c r e a s e s  w i t h  

t h e  decrease of t h e  w a t e r  c o n t e n t  o f  t h e  p r o d u c t ,  

p a r t i c u l a l y  u n d e r  2 0  %. T h i s  is  l o g i c a l  b e c a u s e  

t h e  i n c r e a s e  i n  t h e  p l a s t i c i t y  of t h e  m i x t u r e  is  

i n  r e l a t i o n  t o  t h e  wa te r  c o n t e n t  o f  t h e  p o w d e r .  
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1586 JEROME ET AL. 

800 - 

400 - 

25 50 75 100 125 150 175 

FIGURE 10. Compaction profiles in correlation 
with the humidity of the powder 

Secondly, we see (fig. 1 0 )  that the profile 

of the curve for a water content of 17 % is quite 

different, characterised by the repetition of the 

same pattern and indentations. For the water 

content of 17 % ,  we can observe that there is no 

more heating during compaction and no more 

clogging up of the grid. Moreover the granulation 

does not produce too many fines. This demonstrates 

clearly that the instrumentation is useful to 

define the best compaction conditions. 

Thanks to this instrumentation, the 

conditions proposed allow us to obtain the result 
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MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 1587 

mmber precomparlion rompartion prgMlrp 
of the C U W  screw speed wheelspeed dppkd 

(w) (rpm) (baIs) 
1 27 5.7 120 
2 215 5.7 120 
3 215 5-7 150 

4 Reference (original produd withwt compaction) 

forre measured during compression ( d a  N )  
I I 

I 000  2000 3000 

FIGURE 11. Capacity of powders for giving hard tablets, 
in correlation with their compaction conditions 

aimed at without degradation of the product 

(controlled by an analysis). 

The s e c o n d  example is the study of the 

modification of the tablettibility of Elcema G 250 

in relation to the compaction conditions. 

The compacts obtained are granulated in the 

same conditions. The mixture is compressed on an 

instrumented single punch machine at different 

adjustments of the eccentric. For each adjusment 

of the eccentric, we measure the maximum force 

during compression and the tablet hardness. We 

compare the linear phase of the curves of the 
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1588 JEROME ET A L .  

h a r d n e s s  a g a i n s t  t h e  m a x i m u m  f o r c e  m e a s u r e d  d u r i n g  

c o m p r e s s i o n .  The s t e e p e r  t h e  s l o p e  i s ,  t h e  b e t t e r  

t h e  m i x t u r e  i s ,  a s  f a r  a s  t a b l e t t i b i l i t y  i s  

c o n c e r n e d  ( 1 6 ) .  

W e  c a n  see t h a t  m i x t u r e  2 o b t a i n s  t h e  same 

r e s u l t s  a s  t h e  o r i g i n a l  p r o d u c t  ( 4 )  ( f i g .  11). 

Wi th  t h e  same s p e e d s ,  t h e  i n c r e a s e  o f  t h e  p r e s s u r e  

a p p l i e d  r e s u l t s  i n  a d e c r e a s e  o f  t h e  

t a b l e t t i b i l i t y  ( 3 ) .  B u t  i f  w e  i n c r e a s e  t h e  s p e e d  

o f  t h e  p r e c o m p a c t o r  screw w i t h  t h e  same p r e s s u r e  

a s  f o r  m i x t u r e  2 ,  t h e  t a b l e t t i b i l i t y  i m p r o v e s  ( 1 ) .  

D u r i n g  c o m p a c t i o n ,  i t  would  b e  i m p o s s i b l e  t o  

p r e d i c t  t h i s  d i f f e r e n c e  b e c a u s e  t h e  a s p e c t s  o f  t h e  

c o m p a c t s  i n  t h e  d i f f e r e n t  c a ses  a r e  q u i t e  s i m i l a r .  

Conclusion 

J u s t  a s  i t  i s  w e l l  known i n  t a b l e t  

t e c h n o l o g y ,  s o  t h e  m e a s u r e m e n t  o f  t h e  f o r c e  d u r i n g  

c o m p a c t i o n  g i v e s  a n  i m p o r t a n t  p i e c e  o f  i n f o r m a t i o n  

on  t h e  b e h a v i o u r  o f  t h e  powder d u r i n g  c o m p a c t i o n .  

The i n s t r u m e n t a t i o n ,  t h a t  w e  h a v e  d e v e l o p e d ,  

a l l o w s  t h e  m e a s u r e m e n t  o f  t h e  powder  r e s i s t a n c e  

and  t h e  v i s u a l i s a t i o n  o f  t h e  f o r c e  e v o l u t i o n  

a g a i n s t  t i m e .  
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1589 MEASUREMENT OF RESULTING FORCES ON ROLLER COMPACTOR 

T h e  l e v e l  o f  t h e  f o r c e  m e a s u r e d  i s  a n  

i n d i r e c t  m e a s u r e m e n t  o f  t h e  e n e r g y  d e v e l o p e d  

d u r i n g  c o m p a c t i o n .  T h i s  e n e r g y ,  w h i c h  i s  t h e  

r e s u l t a n t  o f  a l l  t h e  p a r a m e t e r s  o f  t h e  p r o c e s s  a n d  

o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  p o w d e r  i t s e l f ,  

may h a v e  c r i t i c a l  c o n s e q u e n c e s  f o r  t h e  p r o d u c t .  W e  

h a v e  s e e n  t h a t  t h e  i n s t r u m e n t a t i o n  a l lows  u s  t o  

s e t  t h e  l i m i t s  f o r  i n d u s t r i a l  p r o d u c t i o n .  

D u r i n g  t h e  d e v e l o p m e n t  p h a s e  t h i s  

i n s t r u m e n t a t i o n  i s  v e r y  u s e f u l  t o  d e t e r m i n e  t h e  

o p t i m a l  c o m p a c t i o n  c o n d i t i o n s  f o r  a p r o d u c t .  

The  p r o f i l e  o f  t h e  c u r v e s  i s  v e r y  u s e f u l  t o  

v i s u a l i s e  t h e  b e h a v i o u r  o f  t h e  p o w d e r  d u r i n g  

c o m p a c t i o n  a n d  w e  h a v e  s e e n  t h a t  f o r  e a c h  p r o d u c t  

t h e r e  i s  a p a r t i c u l a r  p r o f i l e  c h a r a c t e r i s t i c  o f  

good c o m p a c t i o n  c o n d i t i o n s .  
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