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ROTARY MACH L N C  I N S T H L l M E N T A T I t J N  i 'OR P R O D U C T I O N  P U R P O S E S  _____ ~ _ _  

W 1 1'H P A  R' r  1 C 11 1 .ill< FIEF E R E  Nc' E TO QUA L I 'r Y ASS U KANC E 

Tr t , vo r  M. Jones 

l ) i r ( J c t ( > r  o f  'I'm I i n i c a l  Iwvt I u p i n e n t  - T h t  Wrl lcomt Pout idat ion L i m i t e d ,  D a r t f o r d ,  

K c A r i t .  

In  consuquence, d u r i i i q  r r < . e n t  y c d r s ,  a t  t < ? n t i o n  h a s  been t u r n e d  from 

s o p h i s t  i ca t .ed  means o f  cont.rc~lli i iq t h e  f i n a l  p r o d u c t  1 1 1  t h e  l a b o r a t o r y  ( Q u a l i t y  

C o n t r o l )  t o  ar i  q r e a t e r  e m p h a s i s  011 t h e  d e s i g n  of c o r r e c t  o p e r a t i n g  c o n d i i ~ i o n s  

1:oqc.ther with t h e i r  rnoni tor inq  and c o n t r o l  i n  r o u t i n e  p r o d u c t i o n .  Such 

p r o c e d u r e s  a re  r e l e v a n t  ,+t d l  1 s t a q c s  { lur inq  t h c  m d n u f a c t u r e  u f  t a b l e t s .  
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5 4  JONES 

T h i s  paper c o r i r e n t r a t e s  on mothods  u s c d  f o r  i n s t r u m e n t a t i o n  of t h e  c o m p a c t i o n  

p r o c e s s  i n  r o t d r y  t a b l e t  m a c h i n e s .  I t  s h o u l d  b e  r emembered ,  h o w e v e r ,  t h a t  t h e  

m o n i t o r i n g  a n d  cont.ro1 o f  t h e  x m p , i c t i o r l  p r o c e s s  i s  no s u b s t i t u t e  f o r  <3dequat t .  

p r o d u c t  d e s i g n  a n d  m o n i t r ~ r i r i q  ~ I I C ~  coritrol o f  t h e  L a t l i e r  s t a q e c  o f  p r o c e s s ,  

p d r t i c u l a r l y  q r - a r ~ u l ~ i t i o n  atid d r y i n g .  Whereas  a p p r o p r i a t e  i n s t r u m e n t a t i o n  of 

t h e  c o m p a c t i o n  p r o c e s s  cat, dccommdddte cc , r t a i r j  v a r i a b i l i t y  i n  t h e  b u l k  

c h a r a c t e r i s t i c s  of t h e  f o m u l , i L i i i r ,  or i t s  c o m p o n e n t s ,  i t  i s  e s s e n t i a l  t h a t  t h c  

p r o d u c t  b e i n q  c o m p r e s s e d  i s  t r , r r n u l d t c d  i n  s u c h  a mdnner  that v a r i a t i o n s  i n  

p r o c e s s  t e c h n i q u e  (eq. c l :  t ~ ~ : : i i I t  of m a n u f a r t u r i n q  i n  d i f f e r e n t  l o c a t i o n s  o r  

u s i n g  d i f f e r e n t  cqu ipmer i t l  n1.t accommoda ted .  I n  g e r ~ c r a l ,  p r o v i d e d  s u f f i c i e n t  

. ~ t t e n t i o n  is q i v e n  d u r i r v j  t h e  t 'ormii la t~iot i  s tdgc .  t o  r a w  mater ia l  v a r i a b i l i t y  a n d  

t h e  p r o c e s s  of p r e p a r i r t y  t h e  fi.na1 q r ~ a n u l e  i s  c o n t r o l l e d  w i t h i n  t i g h t  limits, 

t h e  c o m p a c t i o n  process shoiila h r e l a t i v e l y  t r o u b l e  f r e e  r e q u i r i n q  o n l y  m i n i m a l  

c o n t r o l .  F a i l u r e  t o  a c h i e v t .  1 - e p r o d u c i b l e  f o m u l  a t i c n  c h a r a c t e r i s t i c s  p r i o r  t o  

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

c o m p a c t i o n  s t a g e  w h c r c  t h c .  dcqi-( ,c.s  o f  f recdcm tc i n f l u e n c e  p r o d u c t  p r o p e r t i e s  

d r c i  l i m i t e d .  

The, a d v e n t  of. r e l d t i v e l y  , : I i t v . i l ,  rni<'rr, t : lc , ( . t roi i i t .  : v c k , r i < ~  Iuqy  i - t ~ r i y  l e d  w i t l i  

s i g n i f i c a n t  a d v a i c e s  i n  datd <I( q u i s i t  ion ilnd h i q h  s p e e d  c o m p u t i n q  h a v e  l e d ,  1 1 1  

r t ' c r n t  yea r s ,  t.c t h r  s v a i l C 1 b i  1 1  t.y r ) f  t . t~cFiniquPs of p r o v i d i n q  r a l i i d  i n f o r i n s i t  I.C,II 

d u r i n g  t h e  c u m p a c t i n n  p r o c e s s  a s  we1 I cis p r n v i d i r i r j  more d e t a i l e d  r e r o r d s  of 

q u a l l t y  c o n t r o l  dnd a s s u r a n c e .  A s  t h i s  t r c n d  c o n t i n u e s  t h e  d c c e p t a h i l j t y  o f  

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

DESIGNING ROTARY MACHINES FOR OPTIMUM QUALITY ASSUMNCI: 

The l a s t  d e c a d e  h a s  s e e n  a r e v o l u t l u t ,  in thc  <ippcdraticc' o f  r o t a r y  t a b l e t  

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

e f f i c i e n c y  a n d  Good M a n u f a c t u r i n g  P r d c t i c c .  

The mater ia l s  of c o n s t r u c t i o n  of modern m a c h i n e s  c o u p l e d  w i t h  p a i n t  f r e e  a n d  

1d):t: f r e e s u r f a c e s  make c l ea r1  down r o u t i n e s  a n d  t h e  avcj idanct .  of d u s t  b u i l d  u p  

more s i m p l e .  
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ROTARY MACHINE INSTRUMENTATION 55 

By e n c l o s i n g  t h e  cornpact iur i  p r o c e s s  w i t h i n  y l d s c  f rn r l t e r l  c a b i n e t s ,  

e n v i r o n m e n t a l  e m i s s i o n  of powder  p d r t i c l e s  i r  i c d u c e d  ( o r  + x l . i m i n a t e d )  l e d d i n y  

t o  q r e a t e r  o p e r a t o r  s a f e t y  a n d  r e d u c t i o n  of cros" c o n t a m i n a t i o n .  

S e v e r a l  machincs now permit ease of 11ccc'ss t o  t.hr. c r m p d c t i o r i  cliamber r e s u l t  i n q  

i n  r e d u c e d  c h a n g e o v e r  times a n d  C ' d s t  of e r i y l n e f ? r i n g  ma in t6 ,nancc .  I n  a d d i t i o n ,  

"modu la r "  u n i t s  w i t h i n  t h c  comp-lct i < J r .  chamher cdn be  remuvcd b p t w r v n  p r o d u c t l o t i  

r u n s  t h u s  f u r t h e r  r e d u c i r i q  c h a n q e o v e r  t ime. 

l 'hesc d c s i q r i  f e a t u r e s  ( s e v t l r d l  o f  wh ich  itrc' r , d s i l y  moriit.orf,d hv 1 ~ ~ ~ ~ 1 - ~ 1 p r i ~ i I  t: 

i n s t . r u m e n t a t i o r i )  c o u p l e d  wit.h the  m o n i t o r i n g  o f  the i o m p ~ ~ c - t . i o i ~  ~ ) I I C ~ ? S ~  i t s ~ l  f 

l e a d  t o  t h e  p o s s i b i l i t y  of r e d u c e d  s u p e r v i s i o n  w h i c h ,  t ~ s p ~ c i ~ ~ l l y  f u r  t i i q h l y  

p o t e n t  d r u g  s u b s t a n c e s ,  can r e s u l t  111 unmannrd o p r a t  1 0 1 1  i i s inq r e m o t -  cunt rol. 

T t  i s  p o s s i b l e  t,o c o n s i d e r  o p e r a t i n y  s e v e r a l  m d < . l l i  iie2.c f r i m  .I 

c o n s o l e  t h u s  i n c r e a s i n q  p r o d u c t i v i t y  a n d  f u r t h e r  r c d w - i n < j  c . x p ~ r ; u r  c . i f  o t w r a t . f , r s  

t i 3  h a z a r d s .  

MON I TOK ING MACH I NC PCRE'ORMANCE: 

U n t i l  r e c e n t l y ,  t a b l e t  m a c h i n e s  w e r e  d r i v e n  hy  '1 r ' r imary  moto r  w i t h  l i t t l e  01- 

no  a n c i l l a r y  c l e c t r i c a l  s y s t e m s .  1 1 1  c o n s e q u e n c e ,  mc~i:; i ircment ot t . l ic ,  1)owrr 

consumed by t h c  p r i m a r y  motor c o u l d  bt. r e q a r d e d  ah i t i i  o v e r a l  I i . n d i c a t i o n  < i f  

mcicliine e f f i c i e n c y  c o u p l e d  w i t h  operator obscrvrlt i o n  of t h e  p r o c e s s .  NowddayS, 

m a c h i n e s  a r e  f i t t e d  w i t h  a v a r i e t y  of a d d i t i o i i a l  mot-ortc corit r o l l i n q  or 

a s s i s t i n g  m a c h i n e  p e r f o r m a n c e  b y ,  f o r  e x a m p l e ,  f o r c e  f f , r d i n q  o f  p o w d e r s  i n t c .  

t h e  d i e s ,  r e g u l a r  l u b r i c a t i o n  of punch  g u i d e s .  F u r t h e r m u r t t ,  d i r  h a n d l i r i q  

s u p p o r t  s y s t e m s  a n d  f o r c e :  w e i q h t  m o n i t o r s  ( s e e  b e l o w )  nlso invo lve ,  e l e c t r i c  

m o t u r s .  
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JONES 56 

The per formance  o f  t h e s e  motors can  be  moni tored  r o u t i n e l y  such  t h d t  i f  

per formance  d e v i a t e s  f rom n o r m a l i t y ,  warn ing  l i g h t s  o r  a u d i b l e  systcinis can  be 

a c t i v a t e d ,  o r  a l t e r n a t i v e l y ,  machine o p e r a t i o n s  stopptxd. 

M O N I T O R I N G  LUBRICATION 

Mechanica l  l u b r i c a t i o n  of  r o t a r y  I a b l e t  machi lies call h e  d i v i d e d  ( ~ ~ > n v c r ~ i e n i -  l y  

i n t o  three: g r o u p s ,  v i z :  

a .  T r a n s m i s s i o n  

b .  A n c i i l a r y  components 

c .  T o o l i n g  

?'tic= t y p e  of  m o n i t o r i n g  d e v i c e  used  w i l l  depend upon t h e  pdrt.j,:ular sys tem 

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

c h a n g e s ,  c o n d u c t i v i t y  and  machine per formance  i n d i c e s .  

Perhaps  t h c  commonest sys tem u s e d  i s  t h a t  of rnoni tor inq  o i l  p r e s s u r e  t u  

d e t e r m i n e  t h e  changes  which r e q u i r e  t h e  a d d i t i o n  of f u r t h e r  l u b r i c a n t  or sudden  

s h o r t a g e s  which c o u l d  g i v e  r ise t o  s e v e r e  damage of  machinc p a r t s .  

L u b r i c a t i o n  o f  t o o l i n g  c a n  be e f f e c t e d  by s e c o n d a r y  e v a l u a t i o n  o f ,  f o r  example ,  

l u b r i c a t i o n  j e t s  o r  machine per formance .  

Tempera ture  measurements  d u r i n g  compact ion 

S i n c e  a l l  compact ion p r o c e s s e s  i n v o l v e  t h e  e x p e n d i t u r e  o f  work i n  o r d e r  t o  form 

c o h e r e n t  compacts ,  f o r c e s  e x e r t e d  by a x i a l  p r e s s u r e  i n  t h e  c o n f i n e d  s p a c e  o f  a 
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ROTARY MACHINE 1NSTRUMENTATION 

dice r e s u l t  i n  the, v e n e r a t i o n  o f  h e a t  whicl i  i s  c o n d u c t e d  q r d d u , l l  l y  t h r o u q l i  

mach ine  parts a n d  r e s u l t s  i n  a r ise i n  m a c h i n e  t e m p e r a t u r e .  

5 7  

I n  a d d i t i o n ,  t h e  p r o c e s s  of t x j c c t i o n  of t a b l e t : :  f rom die:, r e q u i r e s  b o u n d a r y  

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

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

i n v a r i a b l y  r e q u i r e  t h e  a d d i t i o n  of l u b r i c a n t s  s u c h  as maynesium s t e a r a t e .  

I n e f f i c i e n t .  l u b r i c d t - i o n  - f o r  e x a m p l e  duc to  p o o r  mixednes t ;  o f  ar, a d d e d  

L u b r i c m t  or by g r a d e  v a r i a b i l i t y  - car1 tw m o n i t o r e d  by measu remen t  o f  t h e  

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

Temperature nieLisurement c a n  be d i v i d e d  intr . ,  t w o  c a t c x l o r i e s ,  v i z ;  

d .  r u n t  ~ n u o u s  t e m p e r d t u r e  m e a s u r e m e n t .  

T h e r e  a r e  now a v d i l a b l e  d v d r - i e t y  o f  s o p h i s t i c a t e d ,  r e l a t i v e l y  c h e a p ,  

t r a n s d u c e r s  t h a t  c a n  b e  t i t t e d  t o  m a c h i n e  p a r t - s  t e q .  a d i e  s u r f a c e )  

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

hdvC p r o v e d  useful i r i  t h i s  c o n t e x C  a s  h a v e  s c , m j  - c o n d u c t o r  t e m p e r a t u r e  g a u g e s .  

b .  S i n g l e  p o i n t  t e m p e r a t u r e  e v a l u a t i o n  

A l t e r n a t i v e l y ,  t e m p e r a t u r e  s e n s i t i v e  compounds - u s u a l l y  r x i s t i n y  a s  l i q u i d  

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

det  r c t e d  by v i s u a l  n r  p h o t u g r a p h i c  means .  ( I n  a d d i t i o n ,  t l i e s e  compounds m i g h t  

tJe i n c l u d e d ,  e x p e r i i n c i r t a l l y ,  w i t h i n  f o r m u l , i t ~ r m s  t o  d e t c c t  o v e r d l  I t emp( . r a tu rc .  

ri.ses d u r i n y  compac t - ion )  . T h e s e  l i q u i d  c r y t . t a l  l i n e  m a t . e r i a l s  - c h d r ~ i c t e r i s e d  

by d i f f e r e n c e s  i n  t h e i r  1 , i t t i oc I  s t r u C ' t u r t ? s  - shuw c h a n q e s  i n  t h e i r  v i s i b l c  

spiect-rum p a r t i c u l a r l y  when u s i n g  t h e  c h o l e s t e r i c  m e s o p h a s e .  

R f u r t h e r  me thod  t h a t  miyht  b e  u s e d  i s  t h e  a p p l i c a t i o r i  o f  i n f r a - r e d  

t h e r m o y r a p h y  t o  m o n i t o r  e i t h e r  a s a m p l e  of t a t j l e t s  a b s t r d c t e d  f rom t h e  m a c h i n e  

d u r i n g  r o u t i n e  c o m p a c t i o n  or d l t e r n a t i v c l y ,  s t a t i c  or moving m a c h i n e  p a r t s .  
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58 JONES 

N u r n b e r g  and  Hop11 h a v e  shown t h d t  o v e r a l l  t e m p e r a t u r e  r ises of upto 2OoC c a n  b e  

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

C l e d r l y ,  t h e  a b i l i t y  t o  s h u t  down p r o c e s s e s  w h i c h  a r e  l i k e l y  t o  yrl o u t  o f  

con t . rn l  i s  aii i m p o r t a n t -  means of a v o i d i n g  p roduc t .  and  m a c h i n e  f a i l u r e .  

E j e c t i o n  Force M o n i t o r i n g  

The f r i c t i o n  betwc,en a compact  a n d  a d i e  w a l l  c a n  b r  m o n i t o r e d  by m e a s u r i n g  

c o i i t i n u o u s l y  t h e  f o r c e  r e q u i r e d  t o  e j e c t  t a b l e t s .  

T h i s  has beer, d c h i e v c d  by i n s t r u m e n t i n g  t h e  e ] t ' c . t i on  c a m  o f  tlie m a c h i n e  s u c h  

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

( x s t a b l i s h e d  at c e r t a i n  t h r e s h h o l d  l e v e l s  o f  e j e c t i o n  f o r c e .  

( I n  a d d i t i o n ,  i n  the: d e v e l o p m e n t  p h a s e  o f  a p r o d u c t ,  t h e  c h o i c e  a n d  

o p t i m i s a t i o n  o f  a l u b r i c a n t  dnd  i t s  met-hod o f  i n c o r - p o r a t i o n  caii b e  s t u d i e d  i n  

t h i s  mann-r)  . 

U n f o r t u n a t e l y ,  t h e  [ m i n t  u t  c o n t a c t .  betweei i  il b o t t o m  p u n c h  a n d  t h e  e j e c t i o n  c d m  

w i l l  v c j i ~ \  , i ~ ~ r o r d i n u  t c ,  t h e  s h a p  ( r i i r l  p r o f i l r  r i i  L h c  p u n c h  ht:<id and, i t ,  

p d ~ t  i c u l a r ,  t h e  [ m s i t l c l i i  o f  t h e  b o t t o m  p r e s s u r e  r o l l .  I n  c o n s e y u e n c c ,  i t  i s  

n t ~ c ( ~ s . c , i r y  t o  m t ' d c , L l r l ~  ccpar . i i t r . ly  t h e  forct .  c .xt . r ted hy 'III}~ i j iver i  puiicli r , l t h e r  

thc3n t h e  s u m d t i o n  of  e v e n t s  r e s u l t . i n g  f r o m ,  s a y ,  t w r i  pur i ( .ht . :  r i s i n q  u p  t h e  

t q e c t i o n  cam a t  t h e  same t i m e .  T h i s  c d n  h e  a c h i e v e d  by d i v i n i r i w  t h e  cam i n t o  

s m a l l  s e g m e n t s  s u c h  t h a t  t h e  f o r c e  e x e r t e d  by d s i n y l t ?  p u n c h  o n l y  15 mr -asu red .  

By t h i s  m e a n s ,  i n d i v i d u a l  e j e c t i o n  f o r c e s  c a n  be mtlasured dnd t h r  c h a n g e s  i n  

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

PUNCH TIGHTNESS MONITORS 

S t i c k i n g  o f  punche:; d u r i n q  r o u t i n e  t a b l e t t i n q  o p e r a t i o n s  can <Arise f r o m  t w o  

s o u r c e s ,  v i z ;  
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ROTARY MACHlNE INSTRUMENTATION 

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

b .  F u s i o n  o f  punch  t i p s  w i t h i n  t h e  d i e .  

59  

I n  t h e  f o r m e r  case t h i s  mtty dr-ise a s  a resu1. t  o f  i n e f f i c i e n t  1 u b r i c a t . i o n  of t h e  

g u i d e  t r a c k s ,  i m p r o p e r  p u n c h :  b o r e  t o l e r a n c e  d u e  t o  i m p e r f e c t  tools  o r  t h f  

p r e s e n c e  of powder  f rom t h e  f o r m u l a t i o n  w i t h i n  t h ~  g u i d e  t r a c k s .  

I n  the* l a t t e r  c a s e ,  f u s i o n  may bi, t h e  r e s u l t  o f  c u m p a c t :  p u n c h  f a c e  a d h e r e n c e ,  

damaged punch  t i p s ,  o r  i n a d q u a t e  f o r m u l a t i o n  l u b r l c d t i o n .  

I n  e i t h e r  casc punch  t i q h t n e 5 s  may 'irise on d i  i n d i v i d u a l  pu l i ch ,  o r  p d i r  o f  

lnmcties, o r  d num1v.r c,€ p u n i  h r s  arvurid the3 t u r r e t .  

.$i,vtyral m a c h i n e s  i r i c n r p r c ~ t ~ ~  f o t  i.1 munitor?; w i t h i n  t - h t ,  I i t t i n q  l'rlinc whicli ~ l e r  t 

t h e  o p e r a t . u r  ti> e x c e s s  l i f t i n q  f o r t  rrsul t irio f rom 1 - i q h t t i e s s  w i t l i i r i  t h r  puncli 

q i i d ~ s  [ i f  the t 111 r t > t .  Whcr, i7rich r , r d > l i ~ m $ ;  , i r t '  d i : t e c t . c , c l  i t  i s  L Y ~ ~ ~ O I I  I'r'ict i c t  t o  

:strut down t h e  m a c h i n e ,  remove t h e  puiichcx? o i ~ ~ - h y - t ~ i i c ~ ,  c l t a i l i n q  down t h e  s y s t e m  

r o m p 1 e t : P l y  b e f o r e  r c s t a r t i n q  t h e  c ,p t - rd t in t ,  < > f  , - rmpac t io r i .  T h e s e  p r f x i c d u q e s  

r e s u l t  in c o n s i d e r a b l e  loss o f  CJUt.piIt dur t-0 p r ~ ~ l i m q e r i  down- t imes .  I n  

a d d i t r u n ,  u n l e s s  e a c h  a n d  e v e r y  puircli 1.c  c a r e f u l l y  i . i i spect t .d  t h e  p r o b l e m  rndy 

r e c u r  sooi-I a f t e r  s td r t . -up .  

F i i r t h c r m o r e ,  s u c h  m o n i t o r i n q  s y s t r m s ,  a l t h o u g h  mi>, ,s i i r ing t - i y h t n e s s  WI t h i n  t h e  

g u i d e s ,  d o  n o t  detect  f u s i o n  w i t h i i i  t h e  d i e  c a v i t y .  I n  c o n s e q u e n c e ,  e x p e n s i v e  

f a i l u r e  o f  t o o l i r i q  (arid p o t c n t i a l  l y  m a j o r  p a r t  ~ 1 1  c o m p a c t i o n  m a c h i n e s )  c a n  

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

W e  h a v e  d e v e l o p e d  a s y s t e m  w h i c h  is c a p a b l e  of m o i i i t o r i n q  b o t h  c a u s e s  of p u n c h  

t i g h t n e s s  a n d  i d e i i t i f y i n q  t h r  i n d i v i d u , i l  p u n c h e s  c o n c e r n e d  (Ho (1983) . 

T h e  s y s t e m  c o n s i s t s  o f  t h e  i n s e r t i o n  of a d d i t i o n a l  c a m 5 ,  (made of N y l a t r o n )  o n  

both t o p  and  b o t t o m  punch  s t d t i o n s .  1:ach cam i s  i n s t r u m e n t e d  w i t h  s t r a i n  
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6 0  J O N E S  

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

t h e i r  maximum d e p t h  of  t r a v e l ,  i e .  b o t h  wi t -h in  t i i i  d i e  a n d  a f t e r  r e m o v a l  f r o m  

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

A c o n t r o l  m o d u l e ,  l i n k e d  to p r o x i m i t y  d e t e c t o r s ,  permits t h e  d e t e c t i o n  n f  t h e  

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

n u m e r i c a l l y  s u c h  t h a t  thc:  , ) p e r a t o i  c . , i i i  f rr,c' t h < .  u f t e n d i n y  p u n c h  a v o i d i i i g  

p r o l o n g e d  downtimt?.  

TABLE'P THICKNESS MONITORINC; - 

T a b l e t  t h i c k n e s s e s  i s  c l e a r l y  a n  irnportd1.t p i i r l r n ~ : t  i ? L  i n  c f f  i c i e n t  p a c k a g i n g  

o p e r a t i o n s ;  i n  p a r t i c u l a r  d u r i n q  bli s t e r  1,nckinq o p c r a t i ~ o i i s  dnd i n  slat. 

c o u n t e r s  used  f o r  b o t t l e  f i l l i n q .  

I d e a l l y ,  t h e  d e s i g n  of a f o r m u l d t i n i ~  : ;hcwld  d c r m m n  o c i a t c  variability i n  

e x c i p i e n t  c h a r a c t e r i s t i c s  and  i r ,  proce,ss V ~ I L  i & I i , + ,  t( c . i l s l i r t :  t h a t  I r i c s p e c t i v e  

o f  c o i n p r e s s i v n  f o r c e ,  p r o v i d e d  a coherc,rii c o m p r ' t  is t u r m e d ,  t h e  t a b l e t  w i l l  be 

o f  a d e q u a t e  t h i c k n e s s  f u r  siich p d ~ k a r j i ~ ~ g  ~ L I . I ~ . J C ' I . ,  How?vf'r, if t h i s  is n o t  

t h c  case, t a b l e t  t h i c k r i  m u s t  bt. ~ ' a i c  f i i l l v  i ; o i , r r , , l  l e d  d u r i n g  m a n u f a c t u r e .  I t  

s h c n l d  b e  r emembered ,  h o w e v e r ,  t h a t  l l l c r e a s i i 1 g  conipic:t,ior, t o r c e  t o  r e d u c e  

t a b l e t  t h i c k n e s s  c a n  r e s u l t  i n  c h a n q e s  i n  i n t e r n a l  p r J r o s L t y  w i t h i r i  tiit. compac t  

w h i c h  may r e s u  1 t i n  i n f e r i o r  d i s i n t e q r a  t 1 on/d 1 s agqr  cqa 1. i o i i  /d is so l u  t i n n  

p r o p e r t i e s .  I n  a d d i t i o n ,  i n c r e a s e d  coinpacti oil f o r r . c  ('ail e x c e e d  c r i t i c a l  

f a i l u r e  stresses w i t h i n  t h t '  compact 1 t . ad ing  t o  a c t  ~ ~ 1 1  or i n c i p i ~ - n t  l a m i n a t i o n .  

I n  t h e  l a t t e r  case p r o b l e m s  may riot be a p p a r e n t  d u r i n q  c o m p a c t i o n  b u t  o c c u r  

d u r i n g  s u b s e q u e n t  p a c k a y i n q .  

- 

Few d e v i c e s  e x i s t  f o r  a n  adequatra  measu remcn i  o t  t d b l c t  t h i c k n e s s  d u r i n g  

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

d i s t a n c e  b e t w e e n  t h e  u p p e r  and  l o w e r  p r e s s u r t .  r o l l  axes a n d ,  by a s s u m i n g  

c o n s t a n c y  o f  p u n c h  l e n g t h ,  i n f e r  a n  a c i u a l  t ; l b l ~ ~ l  1 - h i s k n e s s  d t  t h e  p o i n t  of  

c ompre s s i o n .  
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ROTARY MACHINE INSTRUMENTATION 0 1 

I t  s h o u l d  be  a p p r e c i a t e d  t.hdt such  m e a s i i r ~ i n i ~ i n t  : t i t  ! h i c . k i i i . s s  a r e  r t . l a t i v e l y  

poor  i n d i c e s  of e v e n t u a l  t a h l c t  p r o p e r t i f s  s i n c t ,  t . i L l e t  t o o l i n q  can and dol-,s 

v a r y  i n  d t s o l u t c  l e n q t h  a n d ,  m i i c  inipuri  , i i i t ~ l y ,  t'l'ist I C  ~c .covt?ry  f~ol lowir i r r  

compact ion r e s u l t s  i n  c o n s i d c r a b l e  e x p i i i i o n  of t a b l e t s  b o t h  immedla te ly  

f o l l o w i n g  t h e  removal  of compdct inq forces  .inti d u r i n q  s u h s e q u e n t ~  s t o r a g e  pi-ior 

t o  p a c k i n g .  

Provided  t-hese e f f e c t s  have bvcii q u a n t i f  i cd  a d e q u a t e l y  t h e n  i t  is p o s s i b l e  t o  

use  t h e s e  a r b i t r a r y  measurements  of " i n - d i e "  t a b l e t  t h i c k n e s s  a s  d g u i d e  t n  

t a b l e t  t h i c k n e s s  r e p r o d u c i b i l i t y .  

TABLET WEIGHT CONTROL 

D e s p i t e  c o n s i d e r a b l e  advances  i n  machine i n s t r u m e n t - d t i o n ,  it i s  a r g u a b l e  t h a t  

t h e  m a j o r i t y  of t a b l e t s  produced  i n  t h e  world are' s t i l l  c o n t r o l l e d  for-  weight  

by the o p e r a t o r  a b s t r a c t i n g  t h e  sample dt r e a s o n a h l y  t r e q u e n t  t ime i n t e r v a l s  

d u r i n q  t h e  p r o d u c t i o n  r u n ,  w e i g h t i n g  2 0  t a b l e t s  ma makinq a p p r o p r i a t e  

a d l u s t m e n t s ,  i f  n e c e s s a r y ,  t c ,  t h e  machine.  I r ~ v a r i a b l y  such  " in-proc :ess"  

r e c o r d s  a r e  supplemented  by f i n a l  Q.C.  c h e c k s  where f u r t h e r  samp1t.s a r e  

a b s t r a c t e d  from t h e  f i n a l  bu lk  o f  t a b l e t s  and t h e i r  w p i g h t  d i s t r i b u t i o n  

c h a r a c t e r i s t i c s  d e t . e m i n e d .  Most compact ion machin(. m a n u f a c t u r e r s  , however ,  

now p r o v i d e  sys tems f o r  weight  m o n i t o r i n g  and c o n t r r i l  b a s e d  upon two p r i n c i p a l s  

v i z ;  

i .  F o r c e  m o n i t o r i n g  

i i .  I n d i v i d u a l  t a b l e t  weighing  and feedback  

Force  C o n t r v l  

' 1 % ~ ~  forcc. e x e r t e d  by t h e  uprw?r ,ind Inwcr punche:, vf r o t a r y  c:ompactiori machi n f ' s  

call be  monit.ored u s i n g  s t r a i n  gauges  o r  p i e z o  e l e c t r i c  l o a d  w a s h e r s  a t t a c h e d  t o  

dll a p p r o p r i a t e  p a r t  of  t h e  t a b l e t  machine.  The s e n s i t i v i t y  (of such  measur ing  
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J O N E S  6 2  

d e v i c e s  v a r i e s  f rom m d c h i n r  t o  m a c h i n e  d e p e t d i r i q  upon t h e i r  p o i n t  o f  

a t t a c h m e n t .  P e r h a p s  t h e  most a p p r o p r i d t c :  p l a c e  t o  m o u n t  f o r c e  meas i i r j  nq d e v i c e s  

i n  t h e  m d j o r i t y  o f  m a c h i n e s  i.s on  t h e  r o l l  p i r i  o r  oii t h ?  c a r r i a g c  p i n .  A 

number o f  ' i i i t ho r s  hdvti r e v i e w e d  t h i s  s u b j e c t  i n  d e p t h .  Any q i v e r i  syst.em m u s t  

h e  c c i p a b l c  ot i t ivdsurinq t h e  f o r c e  e x e r t e d  by  e a c h  dnd e v e r y  p u n c h  ( $ 5  i t  passe- 

nnder  t h e  c o m p r e s s i o n  roll a n d  s h o u l d  not  r e f l e c t  t h e  coinhincd c f f c c t  o f  twu O K  

iwrc. p u n c h c s .  

Tlii  p r i i i c i p . r l  irpori w h i c h  w e i g h t  c o n t r o l  by f o r c e  m c ' n i t o r i n q  i: basf?d 1 5  t h a t  

t h e r c  is f i x e d  r e l a t i o n s h i p  b e t w e e n  a x i a l  f o r c e  a p p l i e d  a n d  t a b l t - t  w e i g h t .  

l ' l ius ,  f o r  idcia1 b u l k  s o l i d  w i t h  an absolutely r-orist.ant h u l k  dens i t i ;  t i !  1 f . d  

i n t  c~ d i e  c a v i t i e s  of i d e n t i c a l  vo lumt~  .ind s u b j c c t k % d  t o  cornpact.ior1 w i t  li  p i i n c t e s  

C J ~  i den t i c ; l l  L e n g t h ,  m y  c h a n g e  i t i  f< , r re  rneasiired m u s t  r e f l e c t  a ctrancic L: I  

t ab le t  w e i g h t .  I t  w i l l  be a p p r e c i d t e d  t h a t  redl  b u l k  s o l i d s  v a r y  i n  t h c i r  

p,ii t i 1 . 1 e .  s i z c  d i s t r i b u t i o n  w i t h i n  tdbl i71. t i r ig  r u n b  ? s p f : c i a l l y  a t  l c , , h  tioppcL I I C C I ?  

hciqhts a n d  t - h a t ,  f u r t h e r m o r e ,  d u e  t o  some segreqdt ion o c c u r r i n q  d u r l i i q  hr:pper 

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

p t ~ s s i b l ~ .  t h r o u q h w t  a r u n .  I11 a d d i t i o n ,  e v e n  w i t h  aclc,quate cart' o f  t:&let 

t.oolirtq s l i g h t  v a r i a t i o n  in pu!:ch l e n g t h  w i l l  o c c u r  w h i c h ,  a l t h o u g h  p a i r c r i  

i t e l y ,  w i l l  l e a d  to s l i y h t  v a r i a t i o n  i n  ~ p ) . j l i f ? d  f o r c e  f r o m  d i t ,  t c '  d 1 e .  

'l'wo L i l t  f o r c e  c o n t r o l  ~- 

E a r l y  system!; w h e r e  t a b l e t  w e i y h t .  w d s  c o n t r o l l r - d  b y  force m u r i i t c > r i n g  ~ r i v c , l v t : d  

a b l  i s h m c n t  o f  ,i m < i x i m u m  a n d  i i i i r i i m t i m  f c > i - c t .  u l  -ompactioii.  011 s6.f I l t i i j  U I I  

a m a c h i n e ,  t h e  o p e r a t i n g  c h i i r d c t e r i s t  J<.:: were a d l i i ' t  , i i l  f 1 ~ r t  t c q i v t  the, 

corr~'t ' t  t a r g e t  w t ) i q h t  a n d  thc i i  t o  i r i c ' r (  c this a x i a l  tc1rt.c- t.c- p r o v ~ d e  t d b l e t s  

o f  d e s i r a b l e  c h a r a c t e r i s t i c s  ( e q .  b r e a k i n q  s t r e n g t h ) .  

Mdximum a n d  minimum f o r c e  v a l u e s  wercx t h e t i  se t  mdt iua l ly  i n t c  t h e  f o r c e  

m O n i  t o r i n g  s y s t e m  w h i c h ,  d u e  t o  t h c  r e l d t i v e l y  ~ i r ~ ~ o p h l s t ~ c d t e d  P l e C t r o t i i C  

c o n t r o l s  i n v o l v e d ,  consistcd u f  s y n i r t r i c d l  l i m i t 5  round t h e  t a r g e t  mean f o r c e  
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ROTARY MACHINE INSTRUMENTATlON 6 3  

FORCE 

MAX 

MEAN 

MTN 

/ 

MIN MEAN WAX W E I t i t i T  

ASSUMCU LINEAR COMPACTION 1 0  I: CL - 1 AUL i 1 W E  1 I; t I T  RE L A 1 I [INS t i  If ’ 

F i g u r e  1. 

va lue .  F i g u r e  1.  d e m o n s t r a t e s  t h a t  s u c h  synrtstry .assumes t h a t  t h r  r e 1 a t i o n s h i . p  

b e t w e e n  force a p p l i e d  a n d  t d b l e t  we igh t  v , i r i a t l o n  I!; ,_I l i r ~ n a r  f u n c t i o n .  

A1 t h o u g h  s u c h  l i n e a r i t y  m , i y  I J V  dpprvx1rrldted at  s n i ~ l  i i . h a n g c s  of i-ahlet w c i q h t ,  

i n  f a c t ,  t h e  r e l a t i o n s h i p  hetwcer, a p p l i e d  f o r c e  a n d  t a b l e t  w e i g h t  i s  c o m p l e x  

d e p e n d i n q  upon the  c h a r a c t e r i s t i c s  of t h e  m a t e r i a l  b e i n y  c o m p r e s s e d  - i n  

p a r t i c u l a r  i t s  p a c k i n g  c h a r a c t e r i s t i c s .  I n  g e n c r a i ,  the, E o r c e :  w e i q h t  

r e l a t i o n s h i p  i s  c u r v i l i n e a r  as  d e m o n s t r a t e d  i n  F i g u r e  2 .  T h u s ,  e s t a 1 ) l i s h i n q  a n  

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

t a b l e t  w e i g h t  t h a n  n e c e s s a r y .  
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6 4  J O N E S  

FOiZCE 

MAX 

MEAN 

M I N  

2 I 

I 
I 
I 
I 
I 
I 
I 

/ 

WIN ri i~ A r,J M A X  WLIGt-11 

TY i ’L i lAL  COMPACT ION FORCE-TABLEI W I I 1 l ; t i l  H t l - A 1  IUNStiIP 

F i g u r e  2 .  

I n  t h e i r  s implest  form s u c h  f o r c e  : w e i g h t  m o t i i t o r i n y  d e v i c e ?  c o u l d  be 

c o n n e c t e d  t o  c u t  o u t  s w i t c h e s  (or a u d i b l e / v i s i b l e  s i c ~ r 1 ~ 1 l s )  s u c h  t h a t  i f  e i t h e r  

t h e  u p p e r  o r  l o w e r  l i m i t i n q  v a l u e s  w e r e  e x c e e d e d  t h e ,  o p e r a t o r  w a s  alerted a n d  

manua l  a d j u s t m e n t s  made t o  t a b l e t  w e i g h t .  To civoid s u c h  operdtor i n t e r v e n t i o n  

S e r v o - m o t o r s  were added t o  t h e  w r i q h t  a d i u s t i r l r j  s c r e w  t(~ a l t - e r  i t s  p o s i t i o n  by 

a f i x e d  d e p t h .  T h u s ,  whrn t h e  machine r r a c h e d  ii f1,rr-c. a t  cithci- of t h e  prc-set 
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ROTARY MACIHINE INSTRUMENTATION b 5 

extremes, t h e  volume of  the. d i e  c a v i t y  &'as , id jus t t>d  by a f i x e d  i n c r c m e n t  

upw.irds o r  downwards. Sever ,+]  dc:viccr; ~ ' r c ~ v i d e d  f t l r  m i i l t  ip lc .  iri~cremerit 31 :;tcps 

t o  be t a k e n  a t  t h e s e  a c t i o n  Limits t o  h r i n q  I h e  t -dblet  weight  w i t h i t i  t h e  

o p e r a t  i r i q  r dng t ' .  

___ 

Thus,  d u r i n g  r o u t i n e  o p e r a t i o n ,  t h e  i .nd iv idua i  for(.(.:; e x e r t e d  d u r i n q  .my ~ I V P I I  

t u r r e t  r e v o l u t i o n  were ine,isured and t h t ,  inachinc pt>rmit- tcd t o  c o n t i n u e  t o  

produce  t a b l e t s  u n t i l  a n  e x t r c m e  v a l u e  w d s  r e d c h e d .  Only a t  t h i s  p o i n t  wa:j 

a c t i o n  t a k e n  and t h e n  by a f i x e d  increment  of  rhanqc  i n  d i e  volume. In  

consequence ,  i f  t h e  incremt,nt o f  changt  w d s  t o o  s m a l l ,  t a b l e t  weight  " h o v r r e d "  

around e i t h e r  t h e  maximum o r  minimum s e t t i n g .  Altcsrnat i v e l y ,  i f  t h e  increincnt  

of change of t h e  d i e  volume was t o o  y r e a t  t h f n  extrctmc f l u c t u a t i o n  between 

mdxitnum and m i n i m u m  forcc: (and w e i q h t )  o c c u r r e d .  

C o n t  l n u o u b  k'orce Moni tor ing  

Systems in t rc iducrd  more r e c e n t l y  a r e  based upoil t h e  p r i n c i p l e  of  m o n i t o r i n g  tht. 

meail f o r c e  t a k e n  from i n d i v i d u a l  compact ion e v e n t s  d u r i n g  a t u r r e t  r e v o l u t i o n  

dnd comparinu t h i s  w i t h  a p r e - s e t  mean t a r g e t  t o r c c  o b t a i n e d  from i n i t i a l  

c a l i b r a t i o n .  O n  s e t t i n g  up t h e  machine,  t a b l e t  w e i q h t s  a r e  v a r i e d  t o  e s t a b l i s h  

t h e  unique  r e l a t i o n s h i p  between f o r c e  and w e i y h t  t o r  t h e  p a r t i c u l a r  f o r m u l a t i o r i  

be inq  compressed .  

The mean t a r g e t  f o r c e  i s  t h e n  d e t e r m i n e d  and i n p u t t e d  i n t o  t h e  m o n i t o r .  As 

r o u t i n e  p r o d u c t i o n  p r o c e e d s  a c t u a l  mean f o r c e  v a l u e s  are compared w i t h  t h e  

t a r g e t  mean f o r c e  and a u t o m a t i c ,  p r o p o r t i o n a l ,  a d j u s t m e n t s  made t o  t h e  w e i g h t  

a d j u s t i n g  screw.  I n  consequence ,  t a b l e t  w e i y h t  v a r i e s  c l o s e l y  a round a t a r g e t  

meail. Extreme d e v i a t i o n s  from mean f o r c e  ( a n d  hence mean w e i g h t )  t h u s  r e f l e c t  

"rogue" t a b l e t s  and p r e - s e t  l i m i t s  f o r  s u c h  e v e n t s  can  be e s t a b l i s h e d  from t h e  

c a l i b r a t i o n  c u r v e .  T a b l e t s  formed bryond t h e s e  l i m i t s  a r e  r e  j c c t e d  b y  s p e c i a l  

g a t i n g  sys tems a t  t h e  e j e c t i o n  p o r t .  
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66 

Weigh t  Meas l i r emen t  w i t h  Feedbdck  - 

JONES 

S i n c e  f o r c e  m m i t o r s  cat1 o p e r a t e  .it v e r y  h i q h  spt2t:ds t h e y  drt: u s e f u l  ti, r emove  

" r o g u e "  t a h l t % t s  a n d  to  p r o v i d e  J pornial ient  r e c o r d  ( i f  r e q u i r e d )  o f  e d c h  a n d  

ev r ' ry  c ~ ~ m ~ ) a c i - i o n  e v e n t .  I t  w i l l  b e  d p p r e c i d t e d ,  I iowi.ver,  t h c  t h a t  m o n i t  ( J i - i n q  

o f  cornpactic,n f - o r c c  i s  o n l y  z s r c o n d , i r y  measurcmwnt of t a h l c t  w e i q h t .  T h u s ,  

d r i f t s  i r l  f u r - c f ,  (whr th t z r  ut 'ward: c)r downwdrds )  m,ly not r e f l e c t  changer;  i n  

tablet w e i q h t  €or t h e  r e a s o n s  cj ivcn ,ibovtx ( i  . e .  chdriqc5 i n  t h e  p h y s i c a l  

p r o p e r t i e s  { i f  t h e  t o r m u l s t  i o n ) .  I n  coni,equetl('t=, i t  1 5  p r e f e r a b l e ,  i n  d r l c l i t i o n  

t o  f a r c e  m o n i t n r i n q ,  t o  c n n t r o l  i a1,lt.j. w t . i qh t  v a r i a t i c > i ,  b y  a c t u ' i l  w c i q h t  

m e a s u r e m c n t .  

F o r  most tab1 et t o r m u l a t i o n s ,  w e i g h i i i g  e a c h  a r ~ d  +:vr'ry table1 is i i n n e c r s ! j d r y  

s i n c e  r - e p r o d u c i b i  L i t y  of vo lumct  r i c -  d i e  1 1  11 wiJ.1 b r  ,accccptabLc o v c r  s h o r t  

p e r i o d s  of t i m e .  T h u s ,  b y  d i v t j r t i i r r j  t a b l e t s  t c ,  J wcic jh iny  stdtlon a t  f r e q u e n t  

i n t e r v a l s ,  m e a s u r i n g  t h c , i r  inedn w e i y h t  a n d  s t a n d d r d  d e v i a t i o n ,  t r e n d s  i t 1  t a b l e t  

w e i g h t  c h a n q e  L a n  b e  m o n i t o r e d  and  appropriate,, a u t o r n d t i c ,  a d l u s t m e n t  c a r r i e d  

o u t .  

The  d a t a  so a c q u i r e d  is d p e r m a n e n t  record of Quality A s s l i r d n c e  a n d  obv ia t e s  

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

a c t i v i t y .  

i n  i t s  s i m p l c s t  f o r m  w c i g h t  i n t e r c e p t i o n  c u n s i s t s  of- p h y s i c a l l y  re ini ivinq 

s a m p l e s  f r o m  the  r n a i , h L t i l .  to a c o i n ~ ~ u t c r i s e r l  w ~ i g h i n r i  sys tem ( S u c h  3 s y s t e m  i s  

operated b y  Roclie ( I I K )  u s i r i q  a I'immodore 8 0 3 2  micrc c n m p u t e r  a n d  p r i n t e r  l i n k e d  

to i n d i v i d u d l  S C 3 r t r J r i u s  h i l a n c e s  w i t h  1'c.lmos w c i q h t  w a t c h ~ r  iriti?rfat:tl-. 1 1 1  c'dch 

c u b i c l e .  The operator e x t r a c t s  samples e v e r y  f i f t e e n  minutes m C 2 k j i ~ c ,  m a c h i n e  

a d j u s t m e n t s  as a p p r o p r i . a t e ) .  

The  Manes ty  micro PW s y s t e m  l i n k s  t a b l e t  w e i g h i n g  s y s t e m s  d i r e c t l y  t o  

c o m p a c t i o n  m a c h i n e s  s u c h  t h a t  operator i n v o l v e m e n t  i s  n o t  n e c e s s a r y .  Sdmples  
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ROTARY M A C H I N E  INSTRUMENTATION 67  

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

' iu tomatic  b a l a n c e .  I f  weight  c o r r e c t i o n  is r e q u i r e d ,  t h < >  new press u p c r a t i n g  

f o r c e  i s  computed and t h e  d i e  volume a d j u s t e d  a u t o m d t i c a l l y  u n t i l  t h e  new f o r c e  

i s  a c h i e v e d .  

A sirnildr approach  is o f f e r e d  by t la ta  and K i k u s u i .  

I n f o r m a t i o n  Obta ined  

A v a r i e t y  of d a t a  c a n  be genera t .ed  for  e x c e p t i o n  r e p o r t i n g  or as d t o t a l  r e c o r d  

of b a t c h  p r o d u c t i o n .  T a b l e  1 l i s t s  t h e  t y p e  of d d t d  t h a t  may he p r e s e n t e d .  

Al though,  c o n v e n t i o n a l l y ,  s u c h  d a t a  a r e  a b s t r a c t e d  i r ~  h a r d  copy for ininy p a r t  of 

t h e  b a t c h  rnanufac tur inq  r c c o r d s  s i n c e  i t  i s  a c q u i r e d  e l e c t r o n i c a l l y  i t  can be 

s t o r e d  as such  and d i s p l a y e d ,  a s  r e q u i r e d ,  u s i n q  V D T J ' s .  

AL)IIITIONAL DATA 

s e v e r a l  o t h e r  i t e m s  of " i n f o m a t  i o n "  can  bc t r ; insrni t t t+d e l e c t r o r i i c a l  l y  t o  il 

e:t!ntral console i n  o r d e r  to pruvidc ,  h i t h  mailayemerit i n f o r m d t i o n  a s  w e l l  as 

u p c r a t o r  i l l e r - t s .  l<x,mplc.s  o f  such d , i t , i  dre  prt:.entcd i n  'I'al,lc 2 .  

PRL AND POST COMPACTION MONITORS .- 

E f f i c i e n t  t a b l e t t i n g  w i l l  depend upon a u n i f o r m ,  c o n s t a n t ,  f e e d  of  t h e  b u l k  

s i r l i d  f o r m u l a t i o n .  The h e i g h t  o f  powder i n  f e e d  h o p p e r s  can bt- m o n i t o r e d ,  

s i m p l y ,  by i n s e r t i n g  c a p a c i t a n c e  m o n i t o r s  a t  a p p r o p r i a t  t p o s i t i o n s  i n  powder 

s t r e a m s  w i t h  a u d i b l e / v i s u d l  w a r n i n g s  i n  t h e  c a s e  of  p o t e n t i a l  " r u n - o u t " ,  

" b r i d y i n q "  c t c .  

S L I I ~ F  t h e  numbt7r 01 d c c e p t a b l c  t a b l e t s  emerglng from such  automdted p r e s s e s  i s  

moni tored  i t  is p o s s i b l e  t o  i n s t a l l  au tomated  s y s t e m s  o f  p r o d u c t  c d p t u r e .  Thus 

uni form q u a n t i t i e s  of b u l k  t a b l e t s  can  be c o l l e c t e d  f o r  s u b s e q u e n t  packaging  

o p e r a t i o n s .  
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JONES 

Table 1 

Typica l  Data from Force : Weight Monltors 

Product Name 

Product Code 

L o t  Number 

Ope r a t  o r  

Date 

Number of hour s  of machine oper.itiori 

Number of a c c e p t a b l e  t a b l e t s  

Number of r e j e c t  t a b l e t s  

Acccptable t a b l e t s  per h ix i r  

Number of machine adjustment 

Percentage  r e ] w t s  

Targe t  Weight, Mean ana stanclard devi.itic,ri 

Ind iv idua l  t a b l e t  we iqh t s ,  mean drrd stcjrv3ar(i devia t - iun  

Ilighest/Lowest t a b l e t  weights  

Times of sampling. 

Table 2 

Addi t iona l  d a t a  from Compaction Machine moni tors  

S t a t u s  o f  hopper f i l l  

Rota t ion  of p r e s s u r e  r o l l s  

Lubr i ca t ion  s t a t u s  

Sa fe ty  i n t e r l o c k  o p e r a t i o n s  ( e g .  Casinq) 

Punch S t i c k i n g  
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ROTARY MACHINE INSTRUMENTATION 69 

H a t a ,  f o r  example,  p r o v i d e  an a u t o m a t i r a l l y  c o n t r o l l e d  c o n t a i n e r  au to-changer  

which t i l l s  uni form q u a n t i t i e s  of bulk  t a b l e t s  i n t o  b i n s  f rom d b e l t  conveyor  

s i t u a t e d  at  t h e  d i s c h d r g e  p o i n t  of t h e  t a b l e t  p r e s s .  

I t  s h o u l d  h e  remembered, however ,  t h a t  t h e s e  a u t o m a t i c  s y s t e m s  do n o t  e x e r t  

c o n t r o l  o v e r  t h e  v i s u ( i 1  a p p e a r a n c e  of compacts  emerging  from machines .  Thus ,  

i n s i d i o u s  o i l  l e a k n q i .  or uver t  c o n t a m i n a t i o n  ( e g .  " b l a c k  specs") may p a s s  

u n d e t e c t e d  i n  o p e r a t o r  f r c c  compact i o n  p r o c e s s e s .  R e c e n t l y ,  Kanebo have  

i n t r o d u c e d  a t a b l e t  i n s p e c t i o n  machirle whereby t h e  sur facc ,  and edgc appearancrl  

o f  t a b l e t s  i s  compared w i t h  a s t d n d a r d  v i s u a l  image and t - a b l e t s  d e v i ; l t i n g  irom 

norma 1 i t.y r e  j rctrcd . 
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