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54)  Apparatus  and  method  for  controlling  the  operation  of  a  cigarette  maker. 

The  moisture  content  of  the  cigarette  rod  of  a  cigarette 
maker is  controlled  by  sensing  the  rod  moisture  content  and 
utilizing  the  sensed  moisture  content  to  adjust  the  moisture 
content  of the  input tobacco  to  the  maker. 





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

and,  in  p a r t i c u l a r ,   to  c o n t r o l   of  c i g a r e t t e   m a n u f a c t u r e   a t  

the  c i g a r e t t e   m a k e r .  

In  c i g a r e t t e   m a n u f a c t u r e ,   i t   is  cus tomary   t o  

p r o v i d e   c o n d i t i o n i n g   of  the  t obacco   in  the  p r imary   p r o c e s s i n g  

of  same.  As  p a r t   of  t h i s   c o n d i t i o n i n g ,   the  tobacco   i s  

s u b j e c t e d   to  p r o c e d u r e s   where in   t o b a c c o   m o i s t u r e   c o n t e n t   i s  

measured ,   and  m e a s u r e d  m o i s t u r e   c o n t e n t   used  to  c o n t r o l  

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

m o i s t u r e   c o n t e n t .   P r o c e d u r e s   of  t h i s   type  are  d i s c l o s e d   i n  

U.S.  p a t e n t s   3 , 8 4 0 , 0 2 5 ;   3 , 4 8 2 , 1 6 2 ;   and  3 , 5 0 2 , 0 8 5 .  

A f t e r   p r imary   p r o c e s s i n g ,   the  tobacco   is  u s u a l l y  

s t o r e d   for   a  p e r i o d   of  t ime,   which  may  be  up  to  t h r e e   d a y s ,  

in  s t o r a g e   a r e a s   b e f o r e   being  f u r t h e r   p r o c e s s e d   in to   a c t u a l  

c i g a r e t t e s   at  a  c i g a r e t t e   maker.  In  c o n v e n t i o n a l   p r a c t i c e ,  

t he se   s t o r a g e   a r e a s   are  s u b j e c t e d   to  a  c o n t r o l l e d   c l i m a t e   i n  

o rde r   to  m a i n t a i n   the  t obacco   m o i s t u r e   c o n t e n t   a t   t h e  

p r e d e t e r m i n e d   l e v e l   e s t a b l i s h e d   d u r i n g   the  p r imary   p r o c e s s i n g .  

This  s t o r a g e   p r o c e d u r e   is  c o s t l y   and  the  tobacco   may  s t i l l  

undergo  m o i s t u r e   changes  du r ing   s u b s e q u e n t   t r a n s p o r t   of  t h e  

t obacco   to  the  c i g a r e t t e   maker.  These  m o i s t u r e   c h a n g e s  

a d v e r s e l y   a f f e c t   m a k e r ' o p e r a t i o n ,   p a r t i c u l a r l y   in  c a s e s  

where  the  maker  is  p r o v i d e d   with  c o n t r o l s   for  e s t a b l i s h i n g  

p r e s e l e c t e d   v a l u e s   for  v a r i o u s   c i g a r e t t e   rod  p a r a m e t e r s   s u c h  

as,  for   example ,   rod  d e n s i t y   and /o r   rod  f i r m n e s s .   This  i s  

men t ioned   in  B r i t i s h   S p e c i f i c a t i o n   1 , 3 7 6 , 7 4 7   which  d i s c l o s e s  

a  microwave  sys tem  for  c o n t r o l l i n g   t obacco   rod  d e n s i t y .   I n  

t h i s   sys tem,   s i n c e   the  microwave  energy  is  a f f e c t e d   by 



m o i s t u r e   as  wel l   as  t o b a c c o   c o n t e n t ,   the  system  is  c o n s t r u c t e d  

to  p e r m i t   o b t a i n i n g   v a l u e s   of  each  of  t h e s e   p a r a m e t e r s   f r o m  

microwave   s i g n a l s   which  depend  on  b o t h .  

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

more  e f f e c t i v e   m o i s t u r e   c o n t r o l   in  the  m a n u f a c t u r e   of  c i g a r -  

e t t e s .  

I t   is  a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  method  and  a p p a r a t u s   for  improved   c i g a r e t t e   m a k e r  

o p e r a t i o n .  

SUMMARY  OF  THE  INVENTION 

In  a c c o r d a n c e   wi th   the  p r i n c i p l e s   of  the  p r e s e n t  

i n v e n t i o n ,   the   above  and  o t h e r   o b j e c t i v e s   a re   r e a l i z e d   in  a  

p r a c t i c e   for   c i g a r e t t e   m a n u f a c t u r e   w h e r e i n   a  c i g a r e t t e   m a k e r  

is  p r o v i d e d   wi th   means  for   d e t e r m i n i n g   the   m o i s t u r e   c o n t e n t  

of  the  rod  of  the   maker   and  where in   means  r e s p o n s i v e   to  t h e  

d e t e r m i n e d   m o i s t u r e   c o n t e n t   is  p r o v i d e d   for   c o n t r o l l i n g  

m o i s t u r e   c o n t e n t   of  the   i n p u t   t o b a c c o   to  the  m a k e r .  

In  the   i l l u s t r a t i v e   form  of  t he   i n v e n t i o n   d i s -  

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

u t i l i z e d   to  c o n t r o l   the   m o i s t u r e ' c o n t e n t   of  the   i n p u t  

t o b a c c o   as  i t   is  be ing   conveyed  to  the  maker .   C o n t r o l   i s  

e f f e c t e d   by  d e t e r m i n i n g   the   d i f f e r e n c e   be tween   the  o u t p u t  

rod  m o i s t u r e   c o n t e n t  a n d   a  d e s i r e d   t a r g e t   m o i s t u r e   c o n t e n t  

and  u s i n g   t h i s   d i f f e r e n c e ' t o   c o n t r o l   the   a d d i t i o n   or  s u b -  

t r a c t i o n   of  m o i s t u r e   to  the   i npu t   t o b a c c o   u n t i l   ou tpu t   r o d  

m o i s t u r e   c o n t e n t   is  at  t a r g e t   m o s i t u r e .  

The  i n v e n t i o n   f u r t h e r   c o n t e m p l a t e s   u t i l i z a t i o n   o f  

a  number  of  t e c h n i q u e s   for   d e t e r m i n i n g   rod  m o i s t u r e   c o n t e n t .  

These  t e c h n i q u e s   r e q u i r e   a  number  of  s e n s o r s   for   g e n e r a t i n g  

s e n s o r   s i g n a l s   r e l a t e d   to  o u t p u t   rod  p a r a m e t e r s   such  a s  



m o i s t u r e ,   f i r m n e s s ,   d e n s i t y   and  s p e e d .  

Also  c o n t e m p l a t e d   is  u t i l i z a t i o n   of  the  m o i s t u r e  

c o n t r o l   sys tem  with  a  f i r m n e s s   c o n t r o l   system  to  provide   a 

rod  of  a  p r e s e l e c t e d   or  t a r g e t   f i r m n e s s   at  a  p r e s e l e c t e d   o r  

t a r g e t   m o i s t u r e .  

B r i e f   D e s c r i p t i o n   of  the  D r a w i n g s  

The  above  and  o t h e r   f e a t u r e s   and  a s p e c t s   of  t h e  

p r e s e n t   i n v e n t i o n   w i l l   become  more  a p p a r e n t   upon  r e ad ing   t h e  

f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   in  c o n j u n c t i o n   wi th   t h e  

accompany ing   d r a w i n g s ,   in  w h i c h :  

FIG.  1  shows  a  system  for   c o n t r o l l i n g   c i g a r e t t e  

rod  m o i s t u r e   c o n t e n t   at  a  c i g a r e t t e   maker  in  a c c o r d a n c e   w i t h  

the   p r i n c i p l e s   of  the  p r e s e n t   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n  

FIG.  1  shows  a  system  in  a c c o r d a n c e   w i t h  t h e  

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

c o n t r o l   at  a  c i g a r e t t e   maker  1.  The  l a t t e r   maker  can  be  o f  

c o n v e n t i o n a l   type  such  as  t h a t   m a n u f a c t u r e d   by  Molins  L t d .  

of  the  Uni ted   Kingdom  under  model  number  MK8  or  MK  9.  

In  t y p i c a l   o p e r a t i o n ,   the  maker  1  p r o v i d e s   f rom 

the  i n p u t   t o b a c c o   s t ream  2  a  c o n t i n u o u s   c i g a r e t t e   rod  w h i c h  

is  cut   i n t o   l e n g t h s   to  p r o v i d e   i n d i v i d u a l   c i g a r e t t e s .   I n  

a c c o r d a n c e   wi th   p r a c t i c e   under   the  p r e s e n t   i n v e n t i o n ,  

c i g a r e t t e   maker  o p e r a t i o n   is  c o n t r o l l e d   such  t h a t   the  c i g a r e t t e  

rod  has  a  m o i s t u r e   c o n t e n t   which  is  s u b s t a n t i a l l y   equal  to  a  

d e s i r e d   or  t a r g e t   m o i s t u r e   va lue   Mt.  In  t h i s   manner,   i n d i v i d -  

ual   c i g a r e t t e s   r e s u l t i n g   from  the  rod  have  a  s u b s t a n t i a l l y  

equa l   p r e c i s e l y   d e t e r m i n e d   m o i s t u r e   c o n t e n t ,   t h e r e b y   p r o v i d i n g  

enhanced   u n i f o r m i t y   in  c i g a r e t t e   p r o d u c t i o n   and  improved  

q u a l i t y   c o n t r o l .  



A  m o i s t u r e   s enso r   3  at  the   c i g a r e t t e   maker  1 

m o n i t o r s   the  c i g a r e t t e   rod  and  g e n e r a t e s   an  o u t p u t   e l e c t r i c a l  

s i g n a l   Ms  i n d i c a t i v e   of  rod  m o i s t u r e   c o n t e n t .   The  m o i s t u r e  

s e n s o r   s i g n a l   Ms  is  fed  t o . a   s i g n a l   p r o c e s s o r   4  which  d e v e l o p s  

an  o u t p u t   c o n t r o l   s i g n a l   C  f o r  c o n t r o l l i n g   the  m o i s t u r e  

c o n t e n t   of  t h e  r o d .   In  a c c o r d a n c e   w i th   the  i n v e n t i o n ,   s u c h  

c o n t r o l   is  e f f e c t e d   by  chang ing   or  v a r y i n g   the   m o i s t u r e  

c o n t e n t   of  the   i n p u t   t obacco   2  u n t i l   the  o u t p u t   rod  m o i s t u r e  

c o n t e n t   is  a t   the   t a r g e t   m o i s t u r e   v a l u e .   This  may  be  a c c o m p -  

l i s h e d   by  u t i l i z i n g   the  s i g n a l   C  to   a p p r o p r i a t e l y   c o n t r o l  

c o n v e n t i o n a l   m o i s t e n i n g   means  a n d / o r   d r y e r   means  s i t u a t e d  

a d j a c e n t   the  conveyance   pa th   of  the   i n p u t   t o b a c c o .  

In  the   i l l u s t r a t i v e   ca se   of  FIG.  l , . a   m o i s t e n i n g  

u n i t   5,  which  might   c o m p r i s e ,   for   example ,   a  s team  s o u r c e  

f o l l o w e d   by  a  c o n t r o l l a b l e   v a l v e ,   and  a  d r y e r   6  a re   r e s p o n s i v e  

to  the   s i g n a l   C  and  add  and  s u b t r a c t   m o i s t u r e ,   r e s p e c t i v e l y ,  

to  and  from  the   i n p u t   t o b a c c o   2.  With  t h i s  f o r m   of  c o n t r o l ,  

the  c o n t r o l   s i g n a l   C  b r i n g s   the  m o i s t e n i n g   u n i t   5  i n t o  

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

is  below  t a r g e t   m o i s t u r e   and  b r i n g s   the  d r y e r  6   i n t o   o p e r a t i o n  

d u r i n g   p e r i o d s   when  the  o u t p u t   rod  m o i s t u r e   c o n t e n t   is  a b o v e  

t a r g e t   m o i s t u r e .  

In  m o d i f i e d   p r a c t i c e s   in  a c c o r d a n c e   w i th   t h e  

i n v e n t i o n ,   o p e r a t i o n   is  c a r r i e d   out  u t i l i z i n g   the   m o i s t e n i n g  .  

u n i t   5  or  the   d r y e r   6  o n l y .   In  the   f o r m e r  m o d i f i e d   p r a c t i c e ,  

the  t o b a c c o   2  is   p r o c e s s e d   du r ing   p r i m a r y   p r o c e s s i n g   a n d  

s t o r a g e   s u c h   t h a t   i t s   m o i s t u r e   c o n t e n t   is  a lways   below  t h e  

t a r g e t   va lue   Mtupon  e n t r y   to  the  m o i s t e n i n g   u n i t ,   t h e r e b y  

a lways   r e q u i r i n g   the  a d d i t i o n   of  m o i s t u r e   t h e r e t o   to  o b t a i n  

a  m o i s t u r e   c o n t e n t  o f   Mt  for  the  o u t p u t   rod .   In  the  l a t t e r  



m o d i f i e d   p r a c t i c e ,   on  the  o t h e r  h a n d ,   the  t o b a c c o   2  i s  

p r o c e s s e d   du r ing   p r imary   p r o c e s s i n g   such  t h a t   i t s   m o i s t u r e  

c o n t e n t   is  a lways  above  the  t a r g e t   va lue   Mt  upon  en t ry   t o  

the  d r y e r   6  t h e r e b y   always  r e q u i r i n g   the  s u b t r a c t i o n   o f  

m o i s t u r e   to  o b t a i n   a  m o i s t u r e   c o n t e n t   of  Mt  for   the  o u t p u t  

r o d .  

The  p r o c e s s i n g   o p e r a t i o n s   of  the  s i g n a l   p r o c e s s o r  

4  i n v o l v e   the  g e n e r a t i n g   of  a  rod  m o i s t u r e   c o n t e n t   s i g n a l   M 
c  

from  the  m o i s t u r e   s e n s o r   s i g n a l   M  and  the  f o r m a t i o n   of  t h e  
s  

c o n t r o l   s i g n a l   C  from  compar i son   of  the  g e n e r a t e d   s i g n a l   M 

with  the  t a r g e t   m o i s t u r e   M .  G e n e r a t i o n   of  the   s i g n a l   Mc 

by  the  p r o c e s s o r   4  depends  to  a  l a r g e   degree   on  the  p a r t i c u l a r  

m o i s t u r e   s enso r   be ing   used  and  such  g e n e r a t i o n   is  c a r r i e d  

out  b y  p r o c e s s i n g   the  s i g n a l   M  to  p r o v i d e   a  s i g n a l   which  i s  

r e p r e s e n t a t i v e   of  the  a c t u a l   or  t r u e   rod  m o i s t u r e   c o n t e n t .  

Where  the  c h a r a c t e r i s t i c s   of  the  m o i s t u r e   s e n s o r   are  s u c h  

t h a t   the  s enso r   s i g n a l   M  is  i t s e l f   r e p r e s e n t a t i v e   of  t r u e  

rod  m o i s t u r e   c o n t e n t ,   then  t h i s   p r o c e s s i n g   is  c a r r i e d   out  by 

e q u a t i n g   M  to  M .  On  the   o t h e r   hand,  where  the  s e n s o r  

c h a r a c t e r i s t i c s   r e s u l t   in  an  Ms  s i g n a l   v a r y i n g   from  t r u e   r o d  

m o i s t u r e   c o n t e n t ,   a d j u s t i n g   f a c t o r s   are  p r o v i d e d   to  a c c o u n t  

for  the  i n f l u e n c e   of  the  s e n s o r   c h a r a c t e r i s t i c s .   In  a c t u a l  

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

for  each  p a r t i c u l a r   m o i s t u r e   s e n s o r .  

As  w i l l   be  d i s c u s s e d   h e r e i n b e l o w ,   in  f u r t h e r  

p r a c t i c e   in  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,   f u r t h e r  

s e n s o r s   7  and  8  for   m e a s u r i n g   the  mass  o r   d e n s i t y   and  t h e  

f i r m n e s s   of  the  c i g a r e t t e   rod  are  employed  for   e n a b l i n g  

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

under  the  p r e s e n t   i n v e n t i o n ,   a  speed  or  v e l o c i t y   s enso r   9 



may be  p r o v i d e d   for  c i g a r e t t e   rod  speed  d e t e r m i n a t i o n   and  

i n c l u d e d   for  s e n s o r   s i g n a l   a d j u s t m e n t .  

A  f i r s t   s e n s o r  w h i c h   migh t   be  employed  for  t h e  

s e n s o r   3  is  a  r e s i s t a n c e   type  m o i s t u r e   s e n s o r .   Such  a  

s e n s o r   might   be  formed  on  the   a b o v e - m e n t i o n e d   c o n v e n t i o n a l  

maker  by  i n s e r t i n g   p robes   t h r o u g h  a p e r t u r e s   spaced  a long  t h e  

l e n g t h   of  the   s o - c a l l e d   tongue  of  the  m a k e r  w h e r e a t   the  r o d  

is  be ing   formed,   the  p robes   b e i n g   of  s u f f i c i e n t   l e n g t h   t o  

e n t e r   i n t o   the  t o b a c c o   rod.  A  c u r r e n t   or  v o l t a g e   could  t h e n  

be  s u p p l i e d   to  the  probe  and  the   r e s u l t a n t   v o l t a g e   or  c u r r e n t  

t h r o u g h   the  p robe   c i r c u i t   measured   to  d e t e r m i n e   the  t o b a c c o '  

rod  r e s i s t a n c e ,   and,  t h e r e f o r e ,   the   r o d  m o i s t u r e   c o n t e n t .  

In  p a r t i c u l a r ,  s u c h   p robes   cou ld   s e r v e   as  i n p u t s   to  t h e  

i n t e r n a l   c i r c u i t r y   of  a  model  No.  TM-80  s enso r   m a n u f a c t u r e d  

by  T e s t r o n   to  p r o v i d e . t h e   m o i s t u r e   m e a s u r e m e n t .  

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

a  m o i s t u r e   s e n s o r   s i g n a l   M  r e q u i r i n g   a d j u s t m e n t   for  a r r i v i n g  
.  s  

at  the  a c t u a l   rod  m o i s t u r e   c o n t e n t   M .  In  p a r t i c u l a r   i t   h a s  

been  found  t h a t   the  s e n s o r   m o i s t u r e   s i g n a l   Ms  r e q u i r e s  

a d j u s t m e n t   r e l a t e d   to  rod  f i r m n e s s   and  rod  speed.   Thus,  f o r  

t h i s   s e n s o r ,   m o i s t u r e   c o n t e n t   can  be  e x p r e s s e d   as  f o l l o w s :  

Where  AO-A3  a re   c o n s t a n t s   which  can  be  e m p i r i c a l l y   d e t e r m i n e d  

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

With  the   r e s i s t a n c e   type   s e n s o r ,   the   s i g n a l   p r o c e s s o r   4 

u t i l i z e s   the  s e n s o r   s i g n a l   M ,  the   f i r m n e s s ' s e n s o r   s i g n a l   F 
s  s  

and  the   speed  s e n s o r   s i g n a l   S  to  d e r i v e   the  m o i s t u r e   c o n t e n t  

s i g n a l   M  based   on  the  e x p r e s s i o n   ( 1 ) .  
c  

Other   t e c h n i q u e s   fo r   m o n i t i o r i n g   rod  m o i s t u r e  

c o n t e n t   u t i l i z e   microwave  componen t s .   One  microwave  t e c h n i q u e  



depends   upon  the  measurement   o f  t h e   power  a b s o r b e d   l a r g e l y  

by  the  m o i s t u r e   in  the  c i g a r e t t e   rod  as  i t   moves  through  a 

s u i t a b l e   microwave  c a v i t y .   With  t h i s   type  of  m o i s t u r e  

s e n s o r ,   the  m o i s t u r e   s e n s o r   s i g n a l   M  is  a  f u n c t i o n   o f  
s  

r e f l e c t e d   and  t r a n s m i t t e d   microwave  power  v a l u e s   in  t h e  

a b s e n c e   and  p r e s e n c e   of  the  c i g a r e t t e   rod,  t h e s e   v a l u e s  

be ing   s u i t a b l y   a d j u s t e d   for   t e m p e r a t u r e   v a r i a t i o n s   in  t h e  

c a v i t y   and /o r   the  rod.  Hence,  M  is  as  f o l l o w s :  
s  

where  Ra and  T  a r e   t e m p e r a t u r e   a d j u s t e d   v a l u e s   of  t h e  

r e f l e c t a n c e   and  t r a n s m i t t a n c e   of  microwave  power  i n . t h e  

a b s e n c e   of  the  the  c i g a r e t t e   rod  and  Rp  and Tp  are  t e m p e r a t u r e  

a d j u s t e d   va lues   of  the  r e f l e c t a n c e   and  t r a n s m i t t a n c e   in  t h e  
p r e s e n c e   of  the  c i g a r e t t e   rod.   In  t h i s   c a se ,   the  o b t a i n e d  

s e n s o r   s i g n a l   M  r e q u i r e s   a d j u s t m e n t   r e l a t e d   to  the  mass  o f  

the  c i g a r e t t e   rod.  Hence,  the  m o i s t u r e   c o n t e n t   is  given  a s :  

In  t h i s   s i t u a t i o n   the  c o n s t a n t s   B a n d   B1  can  a l s o   b e  

e m p i r i c a l l y   d e t e r m i n e d   f o r   the  p a r t i c u l a r   t o b a c c c o   b l e n d  

and  microwave  s e n s o r   be ing   u s e d .  

As  a b o v e - n o t e d ,   the   s i g n a l   p r o c e s s o r   4  d e t e r m i n e s  

the  c o n t r o l   s i g n a l   C  based   upon  the  s e n s o r   s i g n a l   Ms  a d j u s t e d  

by  c e r t a i n   of  the  o t h e r   s e n s o r   s i g n a l   F ,   D  a n d   S  as  p r o v i d e d  

in  e q u a t i o n s   1,  2  and  3.  The  p r o c e s s o r   4  might   t y p i c a l l y  

t ake   the  form  of  a  g e n e r a l   or  s p e c i a l   pu rpose   d i g i t a l   c o m p u t e r  

programmed  in  a c c o r d a n c e   wi th   such  e q u a t i o n s   and  h a v i n g  

s t o r e d   t h e r e i n   the  t a r g e t   v a l u e s   and  a p p r o p r i a t e   c o n s t a n t s .  

A  t y p i c a l   m i c r o c o m p u t e r   might  be  an  I n t e l   System  80 /204  



p r o v i d e d   with  an  I n t e l   System  SBC  116  boa rd .   I n t e r f a c i n g  

such  m i c r o c o m p u t e r   wi th   the  ana log   s i g n a l s   Ms,  Fs,  D ,  S  a n d  

C  might   t y p i c a l l y   be  a  model  MP  8418-PGA-AO  Burr-Brown  A /D-  

D/A  c o n v e r t e r .  

The  f i r m n e s s   s e n s o r   3  u t i l i z e d   wi th   the  p r e s e n t  

i n v e n t i o n   can  be  of  a  s t r a i n   g a u g e  t y p e   and  may,  for  e x a m p l e ,  

be  of  a  type   as  shown  and  d e s c r i b e d   in  Uni ted   S t a t e s   P a t e n t  

No.  4 , 0 3 3 , 3 6 0 .   A d d i t i o n a l l y ,   the   d e n s i t y   s e n s o r   7  might  b e  

a  be t a   gauge  type   m a n u f a c t u r e d   by  Molins  L t d .  a n d   s u p p l i e d  

wi th   i t s   model  number  MK8  or  M K 9 ' c i g a r e t t e   maker .   The  s p e e d  

s e n s o r   9,  on  the  o t h e r   hand,   might   be  a  t a c h o m e t e r   of  c o n v e n -  

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

r e v o l u t i o n s   per  m i n u t e .  

The  p r a c t i c e   of  the   p r e s e n t  i n v e n t i o n   can  b e  

u t i l i z e d   wi th   o t h e r   c o n t r o l s   at  the  maker  to  enhance  o r  

promote  maker  e f f i c i e n c y .   Thus,  for   example ,   the   s i g n a l  

p r o c e s s o r   may  be  u t i l i z e d   to  a l so   g e n e r a t e   a  f i r m n e s s   c o n t r o l  

s i g n a l  C  d e s i g n e d   to  c o n t r o l   the  maker  such  t h a t   the  o u t p u t  

rod  has  a  p r e d e t e r m i n e d  o r   t a r g e t   f i r m n e s s   Ft  a t  t h e   t a r g e t  

m o i s t u r e   Mt.  S ince   the  m o i s t u r e   c o n t r o l   of  the   s y s t e m  

m a i n t a i n s   the  o u t p u t   rod  m o i s t u r e   c o n t e n t   s u b s t a n t i a l l y   a t  

t a r g e t   m o i s t u r e   M ,  the  f i r m n e s s   v a r i a t i o n s   r e q u i r i n g   c o r r e c t i o n  

w i l l   depend  a lmos t   s o l e l y   on  t obacco   c o n t e n t   v a r i a t i o n s .  

A  sys tem  for   c o n t r o l l i n g   f i r m n e s s   i n   t h i s   m a n n e r  

is  d i s c l o s e d   in  commonly  a s s i g n e d   U.S.  p a t e n t   a p p l i c a t i o n  

S e r i a l   No.  1 1 6 0 7  .   In  the  system  of  the  l a t t e r   p a t e n t  

a p p l i c a t i o n ,   the  c o n t r o l   s i g n a l   C'  is  e x p r e s s e d   as  f o l l o w s :  

where  Fsm  is  f i r m n e s s   c o n t e n t   in  the  t obacco   a t t r i b u t a b l e   t o  

m o i s t u r e   r e f e r e n c e d   to  t a r g e t   m o i s t u r e   and  is  g iven   a s  



The  l a t t e r   e x p r e s s i o n ,   in  t u rn ,   is  d e r i v a b l e   from  rod  f i r m n e s s  

a t t r i b u t a b l e   to  m o i s t u r e   which  can  be  e x p r e s s e d   a s :  

where  K   is  a  c o n s t a n t   d e t e r m i n e d   by  the  t o b a c c o   b lend  a n d  

the  rod  we igh t   per  u n i t   volume  and  K1  is  a  n e g a t i v e   c o n s t a n t  

d e t e r m i n e d   by  the  t o b a c c o   b lend  o n l y .  

In  a  system  of  t h i s   type  f i r m n e s s   c o n t r o l   can  b e  

a c h i e v e d   by  u t i l i z i n g   the  c o n t r o l   s i g n a l   C'  to  a d j u s t   t h e  

h e i g h t   of  the  e c r e t e u r  b l a d e   used  to  cut  the  t o b a c c o   s t r e a m  

at  a  g iven   d e p t h  d u r i n g   rod  f o r m a t i o n .   A l t e r n a t i v e l y ,   t h e  

c o n t r o l   s i g n a l   C'  might   be  used  to  c o n t r o l   the   maker  d i s t r i b -  

u to r   t o  o b t a i n   the  d e s i r e d   c o n t r o l .   Such  p r a c t i c e s   a r e  

d i s c l o s e d ,   for  example ,   in  U.S.  p a t e n t   No.  3 , 5 9 5 , 0 6 7 .  

In  a l l   c a s e s ,   i t   is  u n d e r s t o o d   t h a t   the   a b o v e -  

d e s c r i b e d   a r r a n g e m e n t s   a re   mere ly   i l l u s t r a t i v e   of  the  many 

p o s s i b l e   s p e c i f i c   embodiments   which  r e p r e s e n t   a p p l i c a t i o n s  

of  the  p r e s e n t   i n v e n t i o n .   Numerous  and  v a r i e d   o t h e r   a r r a n g e -  

ments  can  r e a d i l y   be  d e v i s e d   in  a c c o r d a n c e   wi th   the  p r i n c i p l e s  

of  the  p r e s e n t   i n v e n t i o n   w i t h o u t   d e p a r t i n g   from  the  s p i r i t  

and  scope  of  the  i n v e n t i o n .  



1.  A p p a r a t u s   f o r  c o n t r o l l i n g   the  o p e r a t i o n   of  a  

c i g a r e t t e   maker ,   s a id   maker  be ing   fed  input   t obacco   f r o m  

which  i t   p r o v i d e s   a  c i g a r e t t e  r o d ,   sa id   a p p a r a t u s   i n c l u d i n g :  

f i r s t   s enso r   means  for   p r o v i d i n g   a  m o i s t u r e   s e n s o r  

s i g n a l   r e l a t e d   to  the   m o i s t u r e   c o n t e n t   of  sa id   r o d ;  

and  m e a n s  r e s p o n s i v e   to  s a id   m o i s t u r e   s e n s o r  

s i g n a l   for   c o n t r o l l i n g   the  m o i s t u r e   c o n t e n t   of  s a i d   i n p u t  

t o b a c c o .  

2.  A p p a r a t u s   in  a c c o r d a n c e   with  c la im  1  f u r t h e r  

c o m p r i s i n g :  

a  second   sensor   means  for   p r o v i d i n g   a  f i r m n e s s  

sensor   s i g n a l   r e l a t e d   to  the  f i r m n e s s   of  sa id   r o d .  

3.  A p p a r a t u s   in  a c c o r d a n c e   with  c l a i m  2   f u r t h e r  

c o m p r i s i n g :  

means  r e s p o n s i v e   to  s a id   f i r m n e s s  s e n s o r   s i g n a l  

for  c o n t r o l l i n g   the   f i r m n e s s   of  s a i d   r o d .  

4.  A p p a r a t u s   in  a c c o r d a n c e   with  c l a im  3  w h e r e i n :  

s a i d   m o i s t u r e   c o n t r o l   means  m a i n t a i n s   the  m o i s t u r e  

c o n t e n t   of  s a i d   i n p u t   t o b a c c o   at  a  l e v e l   to  cause  s a i d  

m o i s t u r e   c o n t e n t   of  s a id   rod  to  be  at  a  p r e d e t e r m i n e d   m o i s t u r e  

c o n t e n t ;  

and  s a i d   f i r m n e s s   c o n t r o l   means  m a i n t a i n s   t h e  

f i r m n e s s   of  a  s a i d   rod  at   a  p r e d e t e r m i n e d   f i r m n e s s   at   s a i d  

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

5.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c la im  2  f u r t h e r  

c o m p r i s i n g :  

a  t h i r d   s e n s o r   means  for   p r o v i d i n g   a  speed  s e n s o r  



s i g n a l   r e l a t e d   to  the  s p e e d  o f   sa id   r o d .  

6.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c la im  5  w h e r e i n :  

sa id   f i r s t   s ensor   means  is  a  r e s i s t a n c e   t y p e  

m o i s t u r e   s e n s o r .  

7.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c la im  2  f u r t h e r  

c o m p r i s i n g :  

a  f u r t h e r   s enso r   means  for   p r o v i d i n g   a  d e n s i t y  

sensor   s i g n a l   r e l a t e d   to  the  d e n s i t y   of  s a id   r o d .  

8.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c la im  7  w h e r e i n :  

sa id   f i r s t   s e n s o r  m e a n s   is  a  microwave  t y p e  

m o i s t u r e   s e n s o r .  

9.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c l a ims   1 , 2 , 5 , 6 , 7  

or  8  w h e r e i n :  

sa id   c o n t r o l   means  i n c l u d e s :  

a  s i g n a l   p r o c e s s o r   r e s p o n s i v e   to  s a id   s e n s o r  

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

to  the  a c t u a l   m o i s t u r e   in  sa id   r o d ;  

and  m o i s t u r e   c o n t r o l   means  r e s p o n s i v e   to  s a i d  

m o i s t u r e   c o n t e n t   s i g n a l   for  a d j u s t i n g   the  m o i s t u r e   c o n t e n t  

of  sa id   inpu t   t o b a c c o .  

10.  A p p a r a t u s   in  a c c o r d a n c e   wi th   c la im  9  w h e r e i n  

sa id   i npu t   t o b a c c o   is  at  a  m o i s t u r e   c o n t e n t   below  a  p r e -  

d e t e r m i n e d   m o i s t u r e   c o n t e n t   d e s i r e d   in  s a i d   rod  and  w h e r e i n :  

s a id   s i g n a l   p r o c e s s o r   g e n e r a t e s   a  c o n t r o l   s i g n a l  

dependen t   upon  a  compar i son   of  s a id   m o i s t u r e   c o n t e n t   s i g n a l  

and  sa id   p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t ;  

and  s a i d   m o i s t u r e   c o n t r o l   means  is  r e s p o n s i v e   t o  

sa id   c o n t r o l   s i g n a l   and  i n c l u d e s   means  for   adding  m o i s t u r e  



t o  s a i d   i n p u t   t o b a c c o .  

11.  Appa ra tu s   in  a c c o r d a n c e   wi th   c l a im   9  w h e r e i n  

s a i d   i n p u t   t o b a c c o   is  a t  a   m o i s t u r e   c o n t e n t   a b o v e  a   p r e -  

d e t e r m i n e d  m o i s t u r e   c o n t e n t   d e s i r e d  i n   sa id   r o d  a n d   w h e r e i n :  

s a i d   s i g n a l   p r o c e s s o r   g e n e r a t e s   a  c o n t r o l   s i g n a l  

d e p e n d e n t   upon  a   compar i son   of  s a i d  m o i s t u r e   c o n t e n t   s i g n a l  

and  s a i d   p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t ;  

and  s a i d  m o i s t u r e   c o n t r o l   means  is  r e s p o n s i v e   t o  

s a i d   c o n t r o l   s i g n a l   a n d  i n c l u d e s   means  for   s u b t r a c t i n g   m o i s t u r e  

from  s a i d   i n p u t   t o b a c c o .  

12.  A  method  f o r  c o n t r o l l i n g   the  o p e r a t i o n   of  a  

c i g a r e t t e   maker ,   s a i d   maker  be ing   fed  i n p u t   t o b a c c o   f r o m  

which  i t   p r o v i d e s   a  c i g a r e t t e   rod,   sa id   method  c o m p r i s i n g :  

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

a  m o i s t u r e   s e n s o r   s i g n a l ;  

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

t o b a c c o   b a s e d   on  s a i d  m o i s t u r e   s enso r   s i g n a l .  

13.  A  method  in  a c c o r d a n c e   with  c l a i m   12  f u r t h e r  

c o m p r i s i n g :  

s e n s i n g   the  f i r m n e s s   o f   s a id   rod  t o  p r o v i d e   a  

f i r m n e s s   s e n s o r   s i g n a l .  

14.  A  m e t h o d  i n   a c c o r d a n c e   wi th   c l a i m   13  f u r t h e r  

c o m p r i s i n g :  

c o n t r o l l i n g   t h e  f i r m n e s s   of  s a id   rod  based   on  s a i d  

f i r m n e s s   s e n s o r   s i g n a l .  

15.  A method  in  a c c o r d a n c e   wi th   c l a i m   13  w h e r e i n :  

the   s t ep   of  c o n t r o l l i n g   the  m o i s t u r e   c o n t e n t   o f  

s a i d   i n p u t   t o b a c c o   is  c a r r i e d   o u t  b y   m a i n t a i n i n g   s a i d   m o i s t u r e  

c o n t e n t   of  s a id   i npu t   t o b a c c o   at  a  l e v e l   which  c a u s e s   t h e  

m o i s t u r e   c o n t e n t   of  s a i d   rod  to  be  at  a  p r e d e t e r m i n e d   m o i s t u r e  



c o n t e n t ;  

and  the  s tep  of  c o n t r o l l i n g   the  f i r m n e s s   of  s a i d  

rod  is  c a r r i e d   out  by  m a i n t a i n i n g   s a id   f i r m n e s s   at  a  p r e -  

d e t e r m i n e d   f i r m n e s s   at  sa id   p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t .  

16.  A  method  in  a c c o r d a n c e   wi th   c l a im  12  f u r t h e r  

c o m p r i s i n g :  

s e n s i n g   the  d e n s i t y   of  s a id   rod  to  p rov ide   a  

d e n s i t y   s enso r   s i g n a l ;  

and  sa id   s tep   of  c o n t r o l l i n g   sa id   m o i s t u r e   c o n t e n t  

of  s a i d   i npu t   t obacco   is  based  on  s a id   m o i s t u r e   and  d e n s i t y  

s e n s o r   s i g n a l s .  

17.  A  method  in  a c c o r d a n c e   wi th   c la im  13  w h e r e i n :  

sa id   s tep   of  c o n t r o l l i n g   the  m o i s t u r e   c o n t e n t   o f  

s a id   rod  is  based  on  sa id   m o i s t u r e ,   f i r m n e s s   and  s p e e d  

s e n s o r   s i g n a l s .  

18.  A  method  in  a c c o r d a n c e   wi th   c la im  1 2 , 1 3 , 1 5 , 1 6  

or  17  w h e r e i n :  

sa id   s tep   of  c o n t r o l l i n g   the  m o i s t u r e   c o n t e n t   o f  

s a id   i n p u t   t obacco   c o m p r i s e s :  

p r o c e s s i n g   sa id   s e n s o r   s i g n a l s   to  g e n e r a t e   a  

m o i s t u r e   c o n t e n t   s i g n a l   c o r r e s p o n d i n g   to  the  a c t u a l   m o i s t u r e  

in  s a id   r o d ;  

and  a d j u s t i n g   the  m o i s t u r e   c o n t e n t   of  sa id   i n p u t  

t o b a c c o   based  on  sa id   m o i s t u r e   c o n t e n t   s i g n a l .  

19.  A  method  in  a c c o r d a n c e   wi th   c l a im  18  w h e r e i n  

sa id   i n p u t   t obacco   has  a  m o i s t u r e   c o n t e n t   below  a  p r e d e t e r m i n e d  

m o i s t u r e   c o n t e n t   d e s i r e d   in  s a id   rod  and  w h e r e i n :  

sa id   s tep   of  p r o c e s s i n g   s a id   s enso r   s i g n a l s  

i n c l u d e s   compar ing  sa id   m o i s t u r e   c o n t e n t   s i g n a l   and  s a i d  

p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t ;  



and  s a id   s t e p  o f   a d j u s t i n g   sa id   m o i s t u r e   c o n t e n t  

of  s a i d   i n p u t   t o b a c c o   is  c a r r i e d   out  by  add ing   m o i s t u r e   t o  

sa id   i n p u t   t o b a c c o   based  o n  s a i d   compar i son   of  sa id   m o i s t u r e  

c o n t e n t   s i g n a l   and  sa id   p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t .  

20.  A  method  in  a c c o r d a n c e   wi th   c l a i m   18  w h e r e i n  

s a i d   i n p u t   t o b a c c o   has  a  m o i s t u r e  c o n t e n t   above  a  p r e d e t e r m i n e d  

m o i s t u r e   c o n t e n t   d e s i r e d   in  s a id   rod  and  w h e r e i n :  

s a i d   s t e p   of  p r o c e s s i n g  s a i d   s e n s o r   s i g n a l s  

i n c l u d e s   c o m p a r i n g   sa id   m o i s t u r e   c o n t e n t  s i g n a l   a n d  s a i d   p r e -  

d e t e r m i n e d   m o i s t u r e . c o n t e n t ;  

a n d  s a i d   s tep   of  a d j u s t i n g   s a i d   m o i s t u r e   c o n t e n t  

of  s a id   i n p u t   t o b a c c o   is  c a r r i e d  o u t  b y   s u b t r a c t i n g   m o i s t u r e  

from  s a i d   i n p u t   t o b a c c o   based  on  s a i d  c o m p a r i s o n   of  s a i d   m o i s -  

t u r e   c o n t e n t  s i g n a l   and  sa id   p r e d e t e r m i n e d   m o i s t u r e   c o n t e n t .  
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