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5};  Manufacture  of  an  expanded  web  of  sheet  material. 
g)  A  sheet  of  material  is  passed  through  meshing  rotary 
shearing  and  forming  dies  to  form  rows  of  convolutions  16 
which  in  each  row  are  separated  by  an  undeformed  neutral 
:one  N  between  each  pair  of  adjacent  convolutions.  The  rows 
ire  staggered  so  that  the  peak  of  a  convolution  in  c 
:oincides  with  the  troughs  in  adjacent  rows  and  vie 
jut  the  neutral  zones  coincide  to  maintain  the  integrit 
sxpanded  web.  The  expanded  web  12  can  then  be  lar 
o  a  plane  sheet  11.  The  resulting  structure  is  usef 
:igarette  wrapper  which  is  wrapped  around  a  tobai 
hrough  which  the  longitudinal  air  flow  is  as  shown 
irrow.  The  dimensions  and  periodicity  of  the  convc 
:an  be  adjusted  to  control  air  flow  through  the  wrap 
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@  A  sheet  of  material  is  passed  through  meshing  rotary 
shearing  and  forming  dies  to  form  rows  of  convolutions  16 
which  in  each  row  are  separated  by  an  undeformed  neutral 
zone  N  between  each  pair  of  adjacent  convolutions.  The  rows 
are  staggered  so  that  the  peak  of  a  convolution  in  one  row 
coincides  with  the  troughs  in  adjacent  rows  and  vice  versa 
but  the  neutral  zones  coincide  to  maintain  the  integrity  of  the 
expanded  web.  The  expanded  web  12  can  then  be  laminated 
to  a  plane  sheet  11.  The  resulting  structure  is  useful  as  a 
cigarette  wrapper  which  is  wrapped  around  a  tobacco  rod 
through  which  the  longitudinal  air  flow  is  as  shown  by  the 
arrow.  The  dimensions  and  periodicity  of  the  convolutions 
can  be  adjusted  to  control  air  flow  through  the  wrapper. 



The  p re sen t   i n v e n t i o n   r e l a t e s   to  the  manu fac tu r e   of  an  expanded 

web,  the  product   being  s u i t a b l e   amongst  o ther   t h ings   for  making  a 

c i g a r e t t e   w r a p p e r .  

In  the  mass  p roduc t ion   of  c i g a r e t t e s ,   ma in tenance   of  s t a n d a r d  

c h a r a c t e r i s t i c s   from  c i g a r e t t e   to  c i g a r e t t e   is  i m p o r t a n t .   One 

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

c i g a r e t t e   f i rmnes s ,   which  g e n e r a l l y   is  a  f u n c t i o n   of  tobacco  r od  

d e n s i t y .   Firmness  a f f e c t s   smoking  c h a r a c t e r i s t i c s   and  c o n t r i b u t e s   t o  

the  s u b j e c t i v e   fee l   of  the  c i g a r e t t e   in  the  smoker ' s   h a n d .  

The  c o n v e n t i o n a l   c i g a r e t t e   wrapper  is  r e l a t i v e l y   f l imsy   paper  
which  impar t s   l i t t l e   or  no  s t r e n g t h   or  r i g i d i t y   to  the  c i g a r e t t e  

rod,   but  r a t h e r   serves  p r i m a r i l y   to  con t a in   the  tobacco .   Thus,  t h e  

c i g a r e t t e   rod  de r ives   i t s   s t r e n g t h   and  f i rmness   almost  e n t i r e l y  

from  the  d e n s i t y   of  tobacco  in  the  rod.  Reduc t ion   of  rod  d e n s i t y  

u s u a l l y   r e s u l t s   in  a  l ess   firm  c i g a r e t t e .  

T h e r e f o r e ,   the re   e x i s t s   a  need  for  a  c i g a r e t t e   wrapper  which 

wi l l   p rov ide   de s i r ed   fimness  and  s t r e n g t h   in  a  c i g a r e t t e   r od  

r e l a t i v e l y   i n d e p e n d e n t l y   of  tobacco  rod  d e n s i t y .  

In  accordance   with  the  p resen t   i n v e n t i o n   the re   is  provided  a 

method  of  making  an  expanded  web  compris ing   s h e a r i n g   and  forming  a 

web  of  formable  sheet   m a t e r i a l   to  c r e a t e   rows  of  g e n e r a l l y  

s i n u s o i d a l   c o n v o l u t i o n s ,   the  rows  ex tend ing   l o n g i t u d i n a l l y   a long  

the  web  and  each  convo lu t i on   in  a  row  ex tend ing   above  and  below  t h e  

o r i g i n a l   plane  of  the  web  and  being  jo ined   to  the  n e x t  

l o n g i t u d i n a l l y   succeeding   c o n v o l u t i o n   by  a  f l a t   p o r t i o n   of  the  web 

l y ing   s u b s t a n t i a l l y   in  the  o r i g i n a l   plane  of  the  web.  

P r e f e r a b l y   the  c o n v o l u t i o n s   in  each  row  are  formed  to  be  180° 

out  of  phase  with  the  c o n v o l u t i o n s   in  a d j a c e n t   rows,  the  f l a t  

p o r t i o n s   in  each  row  being  in  a l ignment   with  those   of  ad jacen t   r o w s .  

The  formed  web  may  be  laminated   to  the  s u r f a c e   of  a  second  web 

of  shee t   m a t e r i a l   to  form  a  composite  web. 

The  p resen t   s p e c i f i c a t i o n   d e s c r i b e s   a  s p e c i f i c   embodiment  o f  

the  method  which  is  s u i t a b l e   for  making  an  expanded  or  composite  web 

for  use  as  a  c i g a r e t t e   wrapper .   Also  d e s c r i b e d   is  appa ra tus   f o r  

c a r r y i n g   out  the  method  at  high  speed  and  d i r e c t l y   on  l ine   with  a 



c i g a r e t t e   making  machine.   In  t h i s   a p p a r a t u s   a  p lanar   web  of  f o r m a b l e  

shee t   m a t e r i a l   is  sheared  and  formed  to  c r e a t e   an  expanded  web 

having  rows  of  g e n e r a l l y   s i n u s o i d a l   c o n v o l u t i o n s   ex tend ing   a c r o s s  

i t s   width  and  down  i t s   l o n g i t u d i n a l   a x i s .   The  expanded  web  i s  

l a m i n a t e d   to  a  second  web,  p r e f e r a b l y   c o n s i s t i n g   of  c o n v e n t i o n a l  

c i g a r e t t e   paper ,   which  forms  the  outer   l a y e r   of  a  c i g a r e t t e   wrappe r  
when  the  composi te   web  is  cu r led   about  i t s   l o n g i t u d i n a l   axis  t o  

form  a  tube  e n c i r c l i n g   a  tobacco  r o d .  

The  i n v e n t i o n   wi l l   be  d e s c r i b e d   in  more  d e t a i l   with  the  aid  o f  

example  i l l u s t r a t e d   in  the  accompanying  d r a w i n g s ,   in  w h i c h : -  

F igure   1  is  a  p a r t i a l l y   cut-away  p e r s p e c t i v e   view  of  c i g a r e t t e  

having  a  wrapper  formed  from  a  composi te   web,  

F igure   2  is  a  p e r s p e c t i v e   view  of  the  compos i te   web  used  in  t h e  

c i g a r e t t e   of  Figure   1 ,  

F igu re   3  is  a  p a r t i a l   schematic   view  of  an  a p p a r a t u s   f o r  

forming  the  composi te   web, 

F i g u r e  4   is   a  p a r t i a l   plan  view  of  one  pa i r   of  r o t a r y   s h e a r i n g  

and  forming  d ies   s u i t a b l e   for  use  in  the  a p p a r a t u s   of  Figure  3 ,  

F i g u r e  5   is  a  p a r t i a l   plan  view  of  two  p a i r s   of  r o t a r y   s h e a r i n g  

and  forming  d i e s ,  

F i g u r e s   6,  7  and  8  are  s e c t i o n a l   views  taken  along  l i n e s   6 - 6 ,  

7-7 ,   and  8-8 ,   r e s p e c t i v e l y ,   of  Figure   5 ,  

F igure   9  is  a  plan  view  of  the  shea red   and  formed  web, 

Figure  10  is  a  s e c t i o n a l   view  of  the  sheared  and  formed  web 

taken  along  l i n e s   10-10  of  Figure  9 ,  

F i g u r e s   11  to  13  are  schemat ic   views  showing  the  forming  and 

c u r l i n g   of  the  composi te   web  about  i t s   l o n g i t u d i n a l   axis  to  form  a  

t u b e ,  

F igure   14  is  a  p a r t i a l   s e c t i o n a l   view  of  a  c i g a r e t t e   having  a 

wrapper  formed  from  the  composi te   web, 

F igure   15  is  a  side  s e c t i o n a l   view  of  an  a l t e r n a t i v e   form  o f  

the  sheared   and  formed  web, 

F igu re s   16  to  18  are  schemat ic   views  showing  a  normal,   a 

condensed ,   and  an  extended  expanded  web,  r e s p e c t i v e l y ,   and 

F igure   19  is  a  d iagrammat ic   view  of  machinery   i n c o r p o r a t i n g   a  

modi f ied   form  of  the  a p p a r a t u s   of  F igure   3 .  

As  seen  in  F igure   2,  a  composite  web  10  g e n e r a l l y   comprises   a  



l aye r   of  paper  11  a t t a c h e d   to  an  expanded  web  12.  In  i t s   use  as  a 

c i g a r e t t e   wrapper  13,  the  composite  web  is  cur led   about  i t s  

l o n g i t u d i n a l   axis   to  e n c i r c l e   a  tobacco  rod  14,  which  may  then  be  

a t t a c h e d   to  a  f i l t e r   15  by  known  means.  As  can  be  seen,  t h e  

c o n v o l u t i o n s   16  in  the  expanded  web  12  run  in  rows  e x t e n d i n g  

l o n g i t u d i n a l l y   down  the  web  and  the  rows  l i e   s i d e - b y - s i d e   ac ross   t h e  

wed  w i d t h .  

In  forming  the  composi te   web  10,  a  web  of  formable  m a t e r i a l   17 

is  fed  off  of  a  bobbin  18  (F igure   3).   Web  17  passes   between  m e s h i n g  

r o t a r y   s h e a r i n g   and  forming  dies  19  and  20.  Dies  19  and  20  c o m p r i s e  

a  p l u r a l i t y   of  meshing  pa i r s   of  die  e lements   A-B  and  C-D  e x t e n d i n g  

ac ros s   the  wed  wid th ,   the  meshing  face  of  each  die  element  having  a  
width  c o r r e s p o n d i n g   to  the  des i r ed   width  of  c o n v o l u t i o n s   16.  As  t h e  

web  17  passes   th rough  dies   19  and  20,  each  c o n v o l u t i o n   16  is  s h e a r e d  

along  i t s   l a t e r a l   bounda r i e s   by  t e e th   on  the  d i e s ,   which  also  s e r v e  

to  form  the  web  17  in to   the  convolu ted   c o n f i g u r a t i o n .  

After  s h e a r i n g   and  fo rma t ion ,   expanded  web  12  (formed  f rom 

o r i g i n a l   web  17)  pas ses   between  guides  21  to  accumula tor   wheel  2 2 .  

Accumulator  wheel  22  is  in  nip  r e l a t i o n   to  glue  wheel  23  which  

a p p l i e s   a  l i n e   of  glue  24  along  the  c e n t r e   l i n e   of  formed  web  1 7 .  

A l t e r n a t i v e l y ,   glue  wheel  23  may  be  s i t u a t e d   to  apply  glue  l i ne   24 

along  the  c e n t r e   l i n e   of  web  25  feed ing   from  bobbin  26.  As  y e t  

another   a l t e r n a t i v e   web  12  and  web  25  may  be  simply  drawn  into  a 

l amina ted   c o n f r o n t i n g   r e l a t i o n s h i p   and  guided  t oge the r   downs t ream 

without   the  p lacement   of  a  glue  l ine   t h e r e b e t w e e n .  

If  glue  wheel  23  is  loca ted   to  apply  glue  l ine   24  to  web  25,  a  

nip  r o l l e r   must  be  placed  in  nip  r e l a t i o n   to  accumula tor   wheel  22  t o  

a s s i s t   in   c o n t r o l l i n g   the  feed  of  web  17  pas t   the  a c c u m u l a t o r r   I f  

d e s i r e d ,   the  a d d i t i o n a l   r o l l e r   may  be  ano the r   accumula tor   w h e e l .  

Web  25  is  the  paper  web  which  wi l l   form  the  outer   l ayer   11  o f  

the  composi te   wrapper .   Web  25  is  fed  th rough  press  r o l l e r s   27  t o  

con f ron t   the  u n d e r s i d e   of  expanded  web  12  and  so  be  secured  t o  

expanded  web  12  along  glue  l ine   24.  The  nip  between  press  r o l l e r s  

27  should  be  s u f f i c i e n t l y   small  to  urge  the  c o n f r o n t i n g   webs 

t o g e t h e r   for  a  secure   bond,  but  not  so  small  as  to  p e r m a n e n t l y  

deform  the  c o n v o l u t i o n s   16  in  expanded  web  12.  The  web  bonding  i s  

p r e f e r a b l y   a s s i s t e d   by  a  heat  source  to  aid  in  s e t t i n g   the  glue  l i n e  



24.  Af ter   bonding  of  the  webs  t o g e t h e r ,   the  compos i te   web  10  may  be 

fed  d i r e c t l y   in to   a  c i g a r e t t e   making  machine  for  forming  i n t o  

expanded  c i g a r e t t e   w r a p p e r s .  
Web  17  p r e f e r a b l y   compr i ses   a  d u c t i l e   c e l l u l o s i c   m a t e r i a l   w i t h  

s u f f i c i e n t   r e s i l i e n c y   so  tha t   i t   wi l l   not  tear   at  the  e x t r e m i t y   o f  

each  c o n v o l u t i o n   16  dur ing  forming  by  d ies   19  and  20.  It  a l s o  

should  be  s u f f i c i e n t l y   s h e a r a b l e   tha t   i t   wi l l   cut  along  the  l a t e r a l  

b o u n d a r i e s   of  each  c o n v o l u t i o n   dur ing   shea r ing   by  d ie s   19  and  2 0 .  

The  m a t e r i a l   should  be  s t rong   enough  to  r e t a i n   the  form  imparted  t o  

i t   by  the  d i e s .   S u i t a b l e   m a t e r i a l   may  be  paper ,   r e c o n s t i t u t e d  

tobacco ,   f l ax   paper ,   or  m ix tu re s   t h e r e o f .   The  m a t e r i a l   should  have  

a  t h i c k n e s s   c o r r e s p o n d i n g   to  the  c l e a r a n c e   between  d ies   19  and  2 0 ,  

and  tha t   c l e a r a n c e   is  p r e f e r a b l y   on  the  order   of  3  m i l s .  

Accumulator   wheel  22,  in  a d d i t i o n   to  c o o p e r a t i n g   with  g l u e  

wheel  23  to  form  a  nip  at  the  poin t   of  glue  a p p l i c a t i o n ,   a l s o  

s e r v e s   to  meter  the  expanded  web  12  onto  web  25.  Accumulator   w h e e l  

22,  which  may  be  a  r o t a t i n g   brush  wheel,   runs  at  s u b s t a n t i a l l y   t h e  

same  l i n e a r   speed  as  the  l i n e a r   speed  of  web  25,  whi le   dies   19  and 

20  may  run  at  v a r i a b l e   speeds .   If  the  d ies   run  at  a  l i n e a r   speed  
'  f a s t e r   than  tha t   of  web  25  and  wheel  22,  the  p e r i o d i c i t y   of  t h e  

g e n e r a l l y   s i n u s o i d a l   c o n v o l u t i o n s   16  imparted  to  web  17  by  dies  19 

and  20  w i l l   be  r educed ,   r e s u l t i n g   in  a  condensed  expanded  web  170 

( F i g . 1 7 ) .   Conve r se ly ,   o p e r a t i o n   of  dies  19  and  20  at  a  l i n e a r   speed  

slower  t h a n  t h a t   of  wheel  20  and  web  25  w i l l   i n c r e a s e   t h e  

p e r i o d i c i t y   of  c o n v o l u t i o n s   16  and  give  an  extended  expanded  web  180 

(F igu re   18).   And  o p e r a t i o n   of  the  dies   at  the  same  l i n e a r   speed  a s  

wheel  22  and  web  25  wi l l   produce  a  normal  expanded  web  160  ( F i g u r e  

1 6 ) .  

F igure   4  i l l u s t r a t e s   the  p r e f e r r e d   c o n f i g u r a t i o n   of  the  meshing 

t e e t h   of  d ies   19  and  20.  A  r e p r e s e n t a t i v e   p o r t i o n   of  each  d i e  

i n c l u d e s   f l a t   s e c t i o n s   28  and  29,  g e n e r a l l y   s i n u s o i d a l   tooth   30  and 

c o r r e s p o n d i n g   g e n e r a l l y   s i n u s o i d a l   r ecess   31,  and  g e n e r a l l y  

s i n u s o i d a l   tooth   33  and  r ecess   32.  When  f l a t   s e c t i o n s   28  and  29  a r e  

at  bottom  dead  cen t re   and  top  dead  cen t re   of  t h e i r   r e s p e c t i v e  

r o t a t i o n s ,   they  are  s e p a r a t e d   by  a  c l e a r a n c e   s u b s t a n t i a l l y   equal  t o  

the  t h i c k n e s s   of  web  17,  and  the  midway  point   of  t ha t   c l ea r ance   l i e s  

in  the  c e n t r e   of  the  web  t h i c k n e s s .   Thus,  t he re   is  r e a l i z e d   a 



n e u t r a l   zone  N  in  which  the re   is  no  d e f o r m a t i o n   of  the  web  by  t h e  

f l a t   s e c t i o n s   of  dies  19  and  2 0 .  

As  dies  19  and  20  f u r t h e r   r o t a t e ,   too th   30  meshes  with  r e c e s s  

31  while  m a i n t a i n i n g   a  c l e a r a n c e   equal   to  web  t h i c k n e s s .   The  web  17 

is  thus  formed  into  the  lower  ha l f   of  a  g e n e r a l l y   s i n s u o i d a l  

p a t t e r n .   Fur ther   r o t a t i o n   of  dies  19  and  20  meshes  tooth  33  w i t h  

r e c e s s   32  to  gene ra t e   the  upper  ha l f   of  the  s i n u s o i d a l   c o n v o l u t i o n  

and  then  both  d ies   r e t u r n   to  the  n e u t r a l   zone  de f i ned   by  f l a t  

s e c t i o n s   34  and  35,  where  no  forming  of  the  web  occurs .   The  l e n g t h  

of  each  die  t o o t h ,   as  de f ined   by  the  d i s t a n c e ,   for  example,  from  t h e  

bottom  of  r ecess   31  to  the  t ip   of  too th   33,  is  on  the  order  of  1 

m i l l i m e t e r ,   a l though  th i s   d imension   may  be  va r i ed   as  de s i r ed   t o  

c r e a t e   an  expanded  web  having  any  r e q u i r e d   t h i c k n e s s .  

Each  i n d i v i d u a l   die  is  p r e f e r a b l y   about  1  mm.  wide  and  each  d i e  

se t   19  and  20  p r e f e r a b l y   compr ises   20  such  1  mm.  d i e s .  

A d d i t i o n a l l y ,   a  die  about  3  mm.  wide  is  l o c a t e d   at  each  l a t e r a l   end 

of  each  die  s e t .   With  th i s   die  a r r a n g e m e n t ,   an  expanded  web  12 

a p p r o x i m a t e l y   22  mm.  wide  can  be  formed  wi thou t   any  f e a t h e r i n g   o f  

the  web  edges  which  might  r e s u l t   from  commonly  encoun te r ed   l a t e r a l  

web  d r i f t   as  the  web  feeds  th rough  d ies   19  and  20.  Despi te   s l i g h t  

web  d r i f t ,   the  outer   3  mm.  d ies   are  s u f f i c i e n t l y   wide  so  tha t   t h e  

web  edges  wi l l   be  uni formly   sheared  and  f o r m e d .  

In  p r a c t i c i n g   the  i n v e n t i o n ,   meshing  p a i r s   of  die  e lements   A-B 

and  C-D  are  p r e f e r a b l y   extended  across   the  width  of  web  17,  each  A 

die  element  lying  180°  out  of  phase  from  the  next  con t iguous   B  d i e  

element  and  each  C  die  element  l y ing   180°  out  of  phase  from  the  n e x t  

con t iguous   D  die  element  ( F i g u r e s   5 -8 ) .   The  r e s u l t   of  t h i s  

a r rangement   is  tha t   a l t e r n a t e   rows  of  c o n v o l u t i o n s   extend  across  t h e  

web  width ,   each  row  ly ing  180°  out  of  phase  from  i t s   a b u t t i n g   rows .  

Moreover,   each  row  of  c o n v o l u t i o n s   is  j o ined   to  the  next  row  by  a 

f l a t   segment  which  l i e s   in  the  o r i g i n a l   plane  of  web  17  and  r e s u l t s  

from  lack  of  fo rmat ion   in  the  n e u t r a l   zone  N  de f ined   by  f l a t   d i e  

s e c t i o n s   34  and  35  and  28  and  2 9 .  

Rotary  dies   19  and  20  may  be  d r iven   in  any  known  manner .  

P r e f e r a b l y ,   they  are  dr iven  by  a  v a r i a b l e   speed  D.C.  motor  c o n n e c t e d  

to  t he i r   axles  in  known  manner.  L ikewise ,   accumula to r   wheel  22  and 

glue  wheel  23  are  dr iven  in  c o n v e n t i o n a l   manner,  as  are  r o l l e r s   2 7 ,  



which  draw  web  25  off   of  bobbin   26.  Bobbins  18  and  26  a r e  

p r e f e r a b l y   mounted  on  f r e e - w h e e l i n g   a x l e s .  

Figures   6-8  i l l u s t r a t e   the  c o o p e r a t i o n   of  dies   19  and  20  d u r i n g  

s u c c e s s i v e   p o i n t s   in  t h e i r   r o t a t i o n .   When  the  f l a t   s e c t i o n s   28  and 

29  of  the  d ies   mesh,  they  abut  web  17  wi thout   de fo rma t ion   of  the  web 

(F igu re   6) .   As  r o t a t i o n   o c c u r s ,   too th   30  forms  web  17  while  t o o t h  

33  forms  the  web  in  the  o p p o s i t e   d i r e c t i o n   to  gene ra t e   the  n e x t  

a d j a c e n t   c o n v o l u t i o n   1800  away.  Fu r the r   r o t a t i o n   of  the  d i e s  

r e v e r s e s   t h e i r   r e s p e c t i v e   e f f e c t s   on  the  web.  A d d i t i o n a l l y ,   as  d i e s  

19  and  20  r o t a t e ,   the  s c i s s o r   formed  by  the  l a t e r a l   edges  o f  

s u c c e s s i v e   pa i r s   of  t e e th   30  and  33  shears   the  web  l o n g i t u d i n a l l y  

from  the  end  of  one  n e u t r a l   zone  to  the  beginning   of  the  next ,   t h u s  

a l lowing   the  d ies   to  more  r e a d i l y   form  the  c o n v o l u t i o n s   in  web  1 7 .  

Web  fo rmat ion   a lso  may  be  a s s i s t e d   by  a d j u s t i n g   the  m o i s t u r e  

con ten t   of  web  17  p r io r   to  f o r m a t i o n   fol lowed  by  drying  of  t h e  

formed  web  12  to  set   the  shea red   and  formed  c o n f i g u r a t i o n .   S e t t i n g  

agents   also  may  be  a p p l i e d   to  the  web  to  help  in  r e t a i n i n g   t h e  

formed  c o n f i g u r a t i o n ,   and  those  s e t t i n g   agents   may  f u r t h e r   c o n t a i n  

f l a v o r a n t s   or  a d d i t i v e s   as  d e s i r e d .  

After   web  17  is  c o n v e r t e d   by  d ies   19  and  20  in to   expanded  web 

12  and  l amina ted   to  web  25,  i t   is  a v a i l a b l e   for  use  as  a  c i g a r e t t e  

wrapper .   Web  25  p r o v i d e s   ou te r   wrapper  11,  which  is  p r e f e r a b l y  

s l i g h t l y   wider  than  expanded  web  12  (F igure   11).  When  the  c o m p o s i t e  

wrapper  10  is  c u r l e d  a b o u t   i t s   l o n g i t u d i n a l   axis  to  form  a  tube  f o r  

e n c i r c l i n g   a  tobacco  rod,   the  a d d i t i o n a l   width  of  wrapper  11 

p rov ides   s u f f i c i e n t   m a t e r i a l   for  forming  a  s u i t a b l e   o v e r l a p p i n g   g l u e  

seam  by  known  means.  The  ou t e r   edges  of  expanded  web  12  meet  t o  

f o r m  b u t t   j o i n t   50  which  is  covered  and  held  in  place  by  t h e  

ove r l app ing   glue  seam.  

Curl ing  of  the  composi te   wrapper  in to   a  tube  causes  s u c c e s s i v e  

rows  of  c o n v o l u t i o n s   to  o v e r l a p   s l i g h t l y   at  t h e i r   r a d i a l l y   i n w a r d  

e n d s  a n d  t o   spread  s l i g h t l y   at  t h e i r   r a d i a l l y   outward  e n d s .  

S u r p r i s i n g l y ,   i t   has  been  found  t h a t ,   by  c o n t r o l l i n g   the  p e r i o d i c i t y  

of  the  c o n v o l u t i o n s   dur ing   f o r m a t i o n   of  expanded  web  12,  t h e  

cumulat ive   c r o s s - s e c t i o n a l   s i ze   of  l o n g i t u d i n a l l y - e x t e n d i n g   gaps  40 

can  be  r e g u l a t e d .   By  va ry ing   the  l i n e a r   speed  of  d ies   19  and  2 0 ,  

the  expanded  web  can  be  ex tended   or  condensed,   thus  r e s u l t i n g   i n  



v a r i a t i o n   of  the  size  of  gaps  40  when  the  composite  web  is  c u r l e d  

about  i t s   l o n g i t u d i n a l   axis   to  form  a  wrapper  for  a  smoking  a r t i c l e ,  

such  as  a  c i g a r e t t e .   Proper  s e l e c t i o n   of  the  size  of  gaps  40  c a n  

r e s u l t   in  a  t o t a l   gap  area  equal   to  the  t o t a l   p e r f o r a t i o n   a r e a  

c o n v e n t i o n a l l y   used  in  c i g a r e t t e   f i l t e r   wrap  and  t i p p i n g   des ign  and 

c o n s t r u c t i o n .   This  a d d i t i o n a l   means  for  c o n t r o l l i n g   gas  flow  g i v e s  

the  c i g a r e t t e   des igne r   ano the r   method  of  r e g u l a t i n g   smoke  d i l u t i o n  

and  d e l i v e r y .   A d d i t i o n a l l y   the  web  may  be  p e r f o r a t e d   or  may  be  made 

of  a  m a t e r i a l   with  any  d e s i r e d   p o r o s i t y   to  f u r t h e r   enhance  i t s  

d i l u t i o n   c h a r a c t e r i s t i c s .   Should  i t   be  des i red   to  c lose   off  gaps  

40,  an  annular   plug  or  o ther   b l o c k i n g   means  may  be  p l a c e d  a t   t h e  

j u n c t i o n   of  tobacco  rod  14  and  f i l t e r   15  to  preclude  gas  flow  f r o m  

gaps  40  into  the  f i l t e r .  

F igure   15  i l l u s t r a t e s   an  a l t e r n a t e   form  12'  of  the  expanded  web 

achieved  by  modifying  the  shape  of  the  t ee th   on  dies  19  and  20.  Any 

die  c o n f i g u r a t i o n   which  c r e a t e s   a  g e n e r a l l y   s i n s u o i d a l   c ross   s e c t i o n  

c o n v o l u t i o n   in  web  12'  may  be  used  w i t h i n   the  scope  of  t h e  

i n v e n t i o n .  

Turning  to  Figure  19  the  mach ine ry   shown  is  s u i t a b l e   for  use  i n  

a  c o n v e n t i o n a l   c i g a r e t t e - m a k i n g   machine ,   such  as  a  Molins  Mark  9 - 5  

machine.   The  appara tus   g e n e r a l l y   compr ises   a  bobbin  100  of  f o r m a b l e  

sheet   m a t e r i a l   17  to  be  formed  in to   expanded  web  12.  Web  17  p a s s e s  

through  c o n v e n t i o n a l   s p l i c e r   101  where  m a t e r i a l   from  a l t e r n a t e  

bobbin  hub  102  may  be  s p l i c e d   to  web  17  in  known  f a sh ion .   P i n c h  

r o l l e r s   103  pul l   web  17  off  of  bobbin  100  and  feed  the  web  i n t o  

accumula tor   104,  from  where  web  17  is  drawn  around  i d l e r   wheels  105 

and  106  and  through  r o t a r y   s h e a r i n g   and  forming  dies  19  and  2 0 .  

Shearing  and  forming  d i e s  19   and  20  act  on  web  17  to  f o r m  e x p a n d e d  

web  12  in  the  manner  d i s c u s s e d   a b o v e .  

Af te r   shear ing   and  forming,   expanded  web  12  is  metered  t h r o u g h  

accumula tor   wheels  107  and  108  and  fed  onto  web  25,  which  w i l l  

become  outer   wrapper  11  in  expanded  wrapper  13.  Web  25  is  drawn 

from  a  known  c i g a r e t t e   wrapper  feed  assembly  (not  shown)  p r e f e r a b l y  

l o c a t e d   p a r a l l e l   to  and  s l i g h t l y   o f f - l i n e   from  the  a p p a r a t u s .   The 

web  25  is  brought  on  l ine   with  expanded  web  12  by  passage  around  two 

45°  r o l l e r s   in  known  manner.  The  second  45°  r o l l e r   is  i l l u s t r a t e d  

at  110.  From  r o l l e r   110,  web  25  passes   through  p r i n t i n g   s t a t i o n   112 



where  i t   is  p r i n t e d   in  known  f a s h i o n   with  des i r ed   d e c o r a t i o n s   o r  

brand  m a r k s .  

Af te r   p r i n t i n g   web  25  pas ses   around  i d l e r   wheel  144  to  g l u e  

wheel  116  where  glue  l i n e   24  is  a p p l i e d   l o n g i t u d i n a l l y   down  t h e  

cen t re   l i n e   of  the  s u r f a c e   of  web  25  which  wi l l   con f ron t   e x p a n d e d  

web  12.  Web  25  is  then  passed  around  i d l e r   118  to  nip  r o l l e r s   120 

and  121  where  i t   c o n f r o n t s   and  is  urged  aga ins t   the  s u r f a c e   o f  

expanded  web  12.  From  nip  r o l l e r s   120  and  121,  the  now  c o m p o s i t e  

web  10  p a s s e s   t h rough   dryer   122  where  glue  l i ne   24  is  set   for  a  

secure  bonding   of  the  l amina ted   s t r u c t u r e .   After  drying  of  g l u e  

l ine   24,  c o m p o s i t e   web  10  is  t r a n s f e r r e d   in  known  f a s h i o n   to  t h e  

g a r n i s h e r   of  a  c i g a r e t t e   making  machine  where  the  web  is  c u r l e d  

about  i t s   l o n g i t u d i n a l   axis   for  r e c e i p t   of  tobacco  or  o t h e r  

c i g a r e t t e   f i l l e r   by  c o n v e n t i o n a l   c i g a r e t t e   making  means .  

A l t e r n a t i v e l y ,   the  webs  may  be  l a m i n a t e d   in  c o n f r o n t i n g   r e l a t i o n s h i p  

without   g l u i n g   and  t h e r e a f t e r   may  be  guided  t oge the r   to  t h e  

g a r n i s h e r .  



1.  A  method  of  making  an  expanded  web  compr is ing   shea r ing   and 

forming  a  web  of  formable   sheet   m a t e r i a l   to  c r ea t e   rows  of  g e n e r a l l y  

s i n u s o i d a l   c o n v o l u t i o n s ,   the  rows  ex tend ing   l o n g i t u d i n a l l y   along  t h e  

web  and  each  c o n v o l u t i o n   in  a  row  ex tend ing   above  and  below  t h e  

o r i g i n a l   plane  of  the  web  and  being  jo ined  to  the  n e x t  

l o n g i t u d i n a l l y   succeed ing   c o n v o l u t i o n   by  a  f l a t   po r t i on   of  the  web 

ly ing  s u b s t a n t i a l l y   in  the  o r i g i n a l   plane  of  the  web. 

2.  A  method  as  c la imed  in  c la im  1  in  which  the  upper  and  l o w e r  

e x t r e m i t i e s   of  the  g e n e r a l l y   s i n u s o i d a l   convo lu t i ons   are  g e n e r a l l y  

f l a t   and  l i e   s u b s t a n t i a l l y   p a r a l l e l   to  the  o r i g i n a l   plane  of  the  web 

of  formable  shee t   m a t e r i a l .  

3.  A  method  as  c la imed  in  c la im  1  or  2  in  which  the  web  o f  

formable  sheet   m a t e r i a l   compr i ses   a  shee t   m a t e r i a l   about  3  m i l s  

t h i c k .  

4.  A  method  as  c la imed  in  claim  1,  2  or  3  in  which  the  web  o f  

formable  shee t   m a t e r i a l   comprises   a  c e l l u l o s i c   m a t e r i a l .  

5.  A  method  as  c la imed  in  any  of  the  preceding  c laims  in  which  t h e  

c o n v o l u t i o n s   in  each  row  are  formed  to  be  180°  out  of  phase  with  t h e  

c o n v o l u t i o n s   in  ad j acen t   rows,  the  f l a t   p o r t i o n s   in  each  row  being  i n  

al ignment  with  those   of  ad j acen t   r o w s .  

6.  A  method  as  c la imed  in  any  of  the  preceding  c la ims  wherein   t h e  

formed  web  is  l a m i n a t e d   to  the  s u r f a c e   of  a  second  web  of  s h e e t  

m a t e r i a l   to  form  a  composite  web. 

7.  A  method  as  c laimed  in  claim  6  in  which  the  c o n v o l u t i o n s   a r e  

formed  by  a  con t inuous   p rocess ,   the  l a m i n a t i o n   of  the  two  webs  i s  

c a r r i e d   out  c o n t i n u o u s l y   and  the  r e l a t i v e   speeds  of  advance  of  t h e  

webs  are  a d j u s t a b l e   to  vary  the  p e r i o d i c i t y   of  the  c o n v o l u t i o n s .  



8.  A  method  aa  c la imed   in  c la im  6  or  7  in  which  the  second  web  i s  

c i g a r e t t e   p a p e r .  

9.  A  method  as  c la imed   in  c la im  6,  7  or  8  in  which  the  width  o f  

the  second  web  is  s u f f i c i e n t l y   g r e a t e r   than  t ha t   of  the  f i r s t   web  t o  

p r o v i d e   an  o v e r l a p   seam  upon  c u r l i n g   the  compos i t e   web  about  i t s  

l o n g i t u d i n a l   ax is   to  form  a  t u b e .  

10.  An  expanded  web  of  shee t   m a t e r i a l   c o m p r i s i n g   a  p l u r a l i t y   o f  

rows  of  g e n e r a l l y   s i n u s o i d a l   c o n v o l u t i o n s   formed  from  the  s h e e t , - t h e  

rows  l y ing   s ide   by  s ide   ac ross   the  width  of  the  web,  e a c h  

c o n v o l u t i o n   in  a  row  ex tend ing   above  and  below  the  plane  of  the  web 

and  being  connec ted   to  the  l o n g i t u d i n a l l y   succeed ing   c o n v o l u t i o n   by 

a  p o r t i o n   of  the  web  ly ing   s u b s t a n t i a l l y   in  the  plane  of  the  web.  

11.  A  c o m p o s i t e   web  compr i s i ng   a  l a m i n a t i o n   of  an  expanded  web  a s  

claimed  in  c la im  10  with  a  second  f l a t   web.  

12.  The  compos i t e   web  of  c la im  11  in  which  the  e x t r e m i t i e s   of  t h e  

c o n v o l u t i o n s   are  g e n e r a l l y   f l a t   and  l i e   s u b s t a n t i a l l y   p a r a l l e l   t o  

the  o r i g i n a l   p lane  of  the  f i r s t   web.  

13.  The  c o m p o s i t e   web  of  c l a i m  1 1   in  which  the  f i r s t   web  c o m p r i s e s  

a  sheet   m a t e r i a l   about  3  mils   t h i c k .  

14.  The  c o m p o s i t e   web  of  c la im  13  in  which  the  sheet   m a t e r i a l  

compr i ses   a  c e l l u l o s i c   m a t e r i a l .  

15.  The  c o m p o s i t e   web  of  c la im  11  in  which  the  second  web  c o m p r i s e s  

c i g a r e t t e   p a p e r .  

16.  The  c o m p o s i t e   web  of  c la im  11  in  which  the  width  of  the  second  

web  is  s u f f i c i e n t l y   g r e a t e r   than  the  width  of  the  f i r s t   web  t o  

p rov ide   an  o v e r l a p   seam  upon  c u r l i n g   the  compos i te   web  about  i t s  

l o n g i t u d i n a l   axis   to  form  a  t u b e .  



17.  A  composi te   web  as  c la imed   in  any  of  c la ims   11  to  16  in  wh ich  

the  c o n v o l u t i o n s   in  each  row  are  formed  to  be  180°  out  of  phase  w i t h  

the  c o n v o l u t i o n s   in  a d j a c e n t   rows,  the  f l a t   po r t ion   in  each  row 

being  in  a l ignment   with  those  of  ad j acen t   r o w s .  

18.  A  smoking  a r t i c l e   c o m p r i s i n g   a  rod  of  smoking  m a t e r i a l  

sur rounded   by  a  wrapper ,   the  wrapper  being  a  compos i te   web  a s  

claimed  in  any  of  c laims  11  to  1 7 .  

19.  Apparatus  for  m a n u f a c t u r i n g   an  expanded  web  by  the  method 

cla imed  in  any  of  c l a ims   1  to  5  compr i s ing   a  set  of  meshing  r o t a r y  

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

20.  Apparatus  as  c la imed  in  c la im  19  in  which  the  die  set  c o m p r i s e s  

a  p l u r a l i t y   of  h o r i z o n t a l l y - d i s p o s e d   pa i r s   of  d i e s ,   the  t e e t h   on 

each  die  ly ing  180°  out  of  phase  from  the  t e e t h   on  e a c h  

h o r i z o n t a l l y   a d j a c e n t   die  and  each  tooth  of  a  die  being  jo ined   t o  

the  next  recess   on  the  die  by  a  f l a t   segment,   the  f l a t   segments   o f  

the  die  se ts   d e f i n i n g   a  n e u t r a l   zone  in  which  s u b s t a n t i a l l y   no 

shea r ing   or  forming  of  the  web  o c c u r s .  

21.  Apparatus   as  c la imed  in  claim  19  or  20  for  m a n u f a c t u r i n g   a  

compos i te   web  in  accordance   with  the  method  c la imed  in  any  of  c l a i m s  

6  to  9  compr i s ing   f i r s t   feed  means  for  d e l i v e r y   of  a  web  of  f o r m a b l e  

sheet   m a t e r i a l   to  the  die  set ,   second  feed  means  for  supp ly ing   a 

second  web  of  p a p e r - l i k e   m a t e r i a l   for  l a m i n a t i o n   to  a  su r f ace   of  t h e  

f i r s t   web  a f t e r   passage   of  the  f i r s t   web  through  the  die  set  and 

d r ive   means  for  r o t a t i n g   the  die  s e t .  

22.  Apparatus  as  c la imed  in  c laim 21  compr i s ing   f i r s t   a c c u m u l a t o r  

means  for  m e t e r i n g   the  f i r s t   web  onto  the  second  web  a f t e r   p a s s a g e  
of  the  f i r s t   web  th rough   the  r o t a ry   d i e s .  

23.  Apparatus  as  c la imed  in  claim  21  or  22  in  which  the  dr ive   means  

for  the  die  set  is  o p e r a b l e   to  drive  the  r o t a r y   dies   at  d i f f e r e n t  



speeds  r e l a t i v e   to  the  speed  of  the  second  feed  m e a n s ,  t h e r e b y  

v a r y i n g   the  shape  of  the  c o n v o l u t i o n s .  
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