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@  Method  and  apparatus  for  longitudinally  compressing  web  material. 

Longitudinal  compressive  treatment  of  web  materials 
by  features,  that  perform  in  concert.  For  driving  a  web  lon- 
gitudinally  a  stationary  low  friction  member  (20)  pressed 
down  upon  a  driven  roll  (12)  provides  multiple  lines  of 
pressure-concentration  against  the  driven  roll.  These  lines 
can  provide  a  positive  web  drive  over  varying  conditions, 
can  isolate  the  final  point  of  drive  from  supply  tension,  and 
can  establish  a  relatively  tensionless  state  in  the  web  be- 
fore  final  drive  and  longitudinal  compressive  treatment. 
When  webs  undergo  longitudinal  compression  while  con- 
fined  under  a  continuation  of  the  stationary  low  friction 
surface,  minute  steps  in  the  stationary  surface  define  a 
succession  of  slightly  enlarging  treatment  cavities  that 
stabilize  the  treatment  under  differing  conditions.  For  re- 
tarding  the  web  a  flat,  fluid-expansible  envelope,  overlying 
a  stationary  retarding  surface,  acts  through  a  mediating 
member  to  regulate  downward  pressure  between  retarding ' 
surface  and  web.  A  spring  sheet  member  having  a  de- 
coupling  hinge  notch  formed  in  its  upper  surface  between 
feeding  and  retarding  regions  can  decouple  downward 
pressures  in  these  regions,  while  providing  smooth  transi- 
tion  geometry  between  the  regions.  Mechanical  work  ener- 
gy  provided  by  the  longitudinal  compressive  treatment 



under  regulated  treatment  conditions  provides  heat  that 
enables  drying  of  treated  paper  and,  in  the  case  of  treated 
thermoplastic  webs,  can  cause  permanent  setting  of  the 
longitudinal  treatment  effects  as  they  are  produced  in  the 
web.  In  the  case  of  a  web  that  comprises  thermoplastic 
fibers,  permanent  setting  of  a  compressively  bloomed  state 
of  the  fibers  is  achieved  by  prewarming  the  web  below  the 
softening  temperature  of  its  thermoplastic  fibers,  control- 
ling  the  web  drive  speed  to  exceed  a  critical  level,  e.g. 
about  15  yards  per  minute,  longitudinally  compressing  the 
web  using  a  stationary  retarding  surface  that  applies  a  drag 
force  to  the  web,  the  longitudinal  compression  step  impart- 
ing  heat  to  the  fibers  through  conversion  of  work  energy, 
and  chilling  the  web  following  the  longitudinal  compres- 
sive  treatment.  Special  patterns  in  the  web,  and  regulated 
degrees  of  strechiness  are  provided  by  special  periodic 
variations  in  the  retarding  surfaces  across  the  running 
width  of  the  web. 



F i e l d   of  t he   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  t h e   l o n g i t u d i n a l  

c o m p r e s s i o n a l   t r e a t m e n t   of  f l e x i b l e   web  m a t e r i a l s   s u c h   a s  

k n i t t e d   and  woven  t e x t i l e   f a b r i c s ,   p a p e r s ,   p l a s t i c   f i l m s ,  

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

s y n t h e t i c   s u b s t a n c e ,   f o r m e d   i n t o   webs  e . g .   as  by  a i r  

l a y i n g   or  wet   l a y i n g   of  f i b e r s .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

In  t h e   l a b o r a t o r y   f rom  w h i c h   t he   p r e s e n t   - 
i n v e n t i o n   c o m e s ,   we  have   d e v o t e d   many  y e a r s   to   d e v e l o p -  

men t   of  t h e   t r e a t m e n t   of  webs  in  w h i c h   l o n g i t u d i n a l  

c o m p r e s s i o n a l   f o r c e s   a r e   a p p l i e d   in  t h e   p l a n e   of  t h e  

f l e x i b l e   web  m a t e r i a l .   From  t h i s   w o r k  h a s   come  a  n u m b e r  

of  i n v e n t i o n s ,   i n c l u d i n g   t he   c o m p a c t o r ,   U . S .   P a t e n t s   N o s .  

2 , 7 6 5 , 5 1 3   and  2 , 7 6 5 , 5 1 4 ;   t h e   b l a d e d   m i c r o c r e p e r ,   U . S .  

P a t e n t s   Nos .   3 , 2 6 0 , 7 7 8   and  3 , 4 2 6 , 4 0 5 ;   and  t h e   b l a d e l e s s  

m i c r o c r e p e r ,   U . S .   P a t e n t s   Nos .   3 , 8 1 0 , 2 8 0 ;   3 , 8 6 9 , 7 6 8   a n d  

3 , 9 7 5 , 8 0 6 .   As  i m p l e m e n t e d   by  t h e s e   i n v e n t i o n s ,   t h e  

u n t r e a t e d   web  is   d r i v e n   l o n g i t u d i n a l l y   by  u s i n g   a  l o w  

f r i c t i o n   s u r f a c e   to  p r e s s   t h e   web  a g a i n s t   a  r o t a t i n g  

d r i v e   r o l l ,   and  t h e n   w i t h i n   a  s h o r t   d i s t a n c e   of  t h e   d r i v e  

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

web.   The  o p p o s i t i o n   b e t w e e n   t h e   d r i v i n g   and  r e t a r d i n g  

f o r c e s ,   w h i l e   t he   m a t e r i a l   r e m a i n s   c o n f i n e d   in  t h e  

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

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

t h i c k n e s s   and  e l a s t i c i t y .  

In  t h e   c a s e   of  t e x t i l e   and  t e x t i l e - l i k e  

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

i t s   own  p l a n e ,   w i t h o u t   f o l d i n g   of  t he   web  upon   i t s e l f   o r  

f o r m a t i o n   of  a  c r e p e ,   bu t   w i t h   c r i m p i n g   in  s i t u   of  t h e  

t i n y   i n d i v i d u a l   f i b e r s   ( " m i c r o c r e p i n g "   of  t he   f i b e r s )  

t h a t   make  up  t he   t h r e a d s   or  y a r n s   of  t he   f a b r i c .  



In  t h e   c a s e   of  s o l i d   t h i n   s h e e t s   s u c h   as  p a p e r  

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

can   fo rm  b a r e l y   p e r c e p t i b l e   u n d u l a t i o n s   or  c r e p e s   in  t h e  

web  as  a  w h o l e   ( " m i c r o c r e p i n g "   of  t h e   w e b ) ,   in   w h i c h   t h e  

o v e r a l l   a p p e a r a n c e   of  t h e   f a c e s   of  t h e   web  is   s t i l l   o n e  

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

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

t h i s   can   be  a c h i e v e d   by  s u i t a b l e   e n l a r g e m e n t   of  t h e  

t r e a t m e n t   c a v i t y .  

In   many  c a s e s   d e s i r a b l e   q u a l i t i t i e s   p r o d u c e d   b y  

t h e   l o n g i t u d i n a l   t r e a t m e n t   r e m a i n   in  t h e   web  a f t e r   s o m e  

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

r e m o v e d   by  s t r e t c h i n g .  

In  s p e c i f i c   e x a m p l e s   t h e   t r e a t m e n t   can   i n c r e a s e  

t h e   s o f t n e s s   or  d r a p a b i l i t y   of  a  web,   i n c r e a s e   i t s  

c o v e r i n g   e f f e c t   and  o p a c i t y ,   make  t h e   s u r f a c e   t e x t u r e   o f  

t h e   web  more   a p p e a l i n g ,   r e n d e r   t h e   web  s h r i n k p r o o f ,   a p p l y  

d e c o r a t i v e   e f f e c t s   to   t he   web,   or  c a u s e   c o m p o n e n t s   of  t h e  

web  to  be  more   i n t i m a t e l y   i n t e r e n g a g e d   in  a  way  t h a t   i s  

u s e f u l .  

P a p e r   webs  can   be  made  s t r e t c h y   and  have   t h e i r  

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

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

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

b e e n   r e n d e r e d   p e r m a n e n t   by  h e a t i n g   t h e   web  to   t h e  

h e a t - s e t   t e m p e r a t u r e   r a n g e   t h a t   has   been   u s e d   in  i n d u s t r y  

f o r   s e t t i n g   o t h e r   t r e a t m e n t s   of  webs  or  f i b e r s .  

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

as  has   been   known  f rom  our   e a r l i e r   work  has   b e e n  

i s u c c e s s f u l   in  c e r t a i n   c o m m e r c i a l   a p p l i c a t i o n s ,   bu t   in  a  

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

r e q u i r e d   in  o r d e r   to  d e a l   w i t h   c h a n g i n g   p r o d u c t i o n  

c o n d i t i o n s .   O f t e n   t h e   t r e a t m e n t   has   b e e n   l i m i t e d   to  s l o w  

s p e e d s   or  to  o n l y   a  l i m i t e d   r a n g e   of  s t a r t i n g   m a t e r i a l s  

i and   end  p r o d u c t s .  



A  l a r g e   n u m b e r   of   c a s e s   h a v e   r e m a i n e d ,  

p a r t i c u l a r l y   in   t h e   f i e l d   of   t h i n   w e b s ,   in   w h i c h  

c o m m e r c i a l i z a t i o n   h a s   n o t   h e r e t o f o r e   b e e n   p o s s i b l e  

b e c a u s e   o f   d i f f i c u l t y   in   s e t t i n g   up  t h e   t r e a t m e n t   or   i n  

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

F o r   t h e s e   r e a s o n s   t h e r e   h a s   b e e n   a  l o n g - s t a n d i n g  

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

c o m p r e s s i o n a l   t r e a t m e n t   of   f l e x i b l e  w e b s .  

To  e x p l a i n   t h e   l i m i t a t i o n s   o f   p r i o r   a p p r o a c h e s ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e r e   e x i s t   a  l a r g e   n u m b e r  

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

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

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

i n i t i a l   s e t   up  and   c o n t i n u e d   o p e r a t i o n .   F o r   e x a m p l e   a n y  

of   t h e   f o l l o w i n g   c a n   o c c u r :   c h a n g e   in   t h e   w e b - g r i p p i n g  

c h a r a c t e r   o f   t h e   d r i v e   r o l l ,   f o r   i n s t a n c e   due   to   w e a r   o f  

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

or  due   to   c h a n g e   in  r o l l   s p e e d ;   v a r i a t i o n s   in   p r e s s u r e   o f  

t h e   web  a g a i n s t   t h e   d r i v e   r o l l ,   f o r   i n s t a n c e   due   to   c h a n g e   i n  

: t h e   u n t r e a t e d   web  t h i c k n e s s   or  in   t h e   f o r c e s   t h a t   p r e s s  

t h e   c o n f i n i n g   s u r f a c e   and   web  a g a i n s t   t h e   d r i v e   r o l l   o r  
d u e   to   w e a r   or  c h a n g e   in   t h e   g e o m e t r y   of   t h e   c o n f i n i n g  

s u r f a c e s ;   v a r i a t i o n   in   t h e   s u p p l y   t e n s i o n  a p p l i e d   to   t h e  

u n t r e a t e d   web  as  i t   e n t e r s   t h e   t r e a t m e n t ;   c h a n g e   in  t h e  
s t i f f n e s s   or   s o f t n e s s   o f   t h e   u n t r e a t e d   web  as  may  o c c u r  

due  to  c h a n g e   in  m o i s t u r e   c o n t e n t   or   t e m p e r a t u r e   of   t h e  

o r i g i n a l   u n t r e a t e d   web ;   c h a n g e   in   t h e   d e p t h   of   t h e  

i r e t a r d i n g   p a s s a g e   t h r o u g h   w h i c h   t h e   web  p a s s e s ;   c h a n g e   i n  

o t h e r   r e t a r d e r   q u a l i t i e s   due   e . g . ,   to   d i m e n s i o n a l   o r  

s p e e d   c h a n g e ;   and   c h a n g e   in  s u s c e p t i b i l i t y   of   t h e   web  t o  

i t s   b e i n g   r e t a r d e d ,   e . g . ,   due   to   c h a n g e   in   t h e  

f r i c t i o n a l   q u a l i t i e s   o f   t h e   web  to  be  t r e a t e d ;   and  s o  

f o r t h .  

In   p r a c t i c e ,   m o r e   t h a n   one   of   t h e   v a r i a b l e  

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

more   c o m p l i c a t e d   b e h a v i o r .  



In  t he   c a s e s   w h e r e   webs  u n d e r g o   t h e i r  

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

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

t r e a t m e n t   of  t he   m a t e r i a l   ( i . e . ,   t h e   "O"  p o i n t   in  t h e  

c a s e   of  b l a d e l e s s   m i c r o c r e p i n g ,   as  shown  in  F i g .   1  of  o u r  

U . S .   P a t e n t   No.  3 , 8 1 0 , 2 8 0 )   t e n d s   t o  s h i f t   f o r w a r d   o r  

b a c k w a r d   in  t he   t r e a t m e n t   r e g i o n ,   f u r t h e r   a f f e c t i n g   t h e  

q u a l i t y   of  t h e   t r e a t m e n t .  

The  j o b   of  t he   o p e r a t o r   has   b e e n   to   t a k e   a l l  

c o n d i t i o n s   i n t o   a c c o u n t   when  e s t a b l i s h i n g   t h e   i n i t i a l  

r u n n i n g   a d j u s t m e n t s   of  t he   t r e a t m e n t   a n d  t h e n ,   d u r i n g  

o p e r a t i o n ,   to  o b s e r v e   c h a n g e s   in  t h e   c o n d i t i o n s   as  t h e y  

o c c u r   and  t a k e   s t e p s   in  a t t e m p t   to  c o u n t e r a c t   t h e s e  

c h a n g e s   by  c o m p e n s a t o r y   a d j u s t m e n t s .  

In  v iew  of  s u c h   d i f f i c u l t i e s ,   i t   is   an  i m p o r t a n t  

o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o v i d e   new  t e c h n i q u e s  

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

r e d u c e   or  e l i m i n a t e   s u c h   need   f o r   a d j u s t m e n t   and  e n a b l e   a  

u n i f o r m ,   h i g h   q u a l i t y   t r e a t e d   web  p r o d u c t   to  be  o b t a i n e d  

o v e r   a  w ide   r a n g e   of  web  m a t e r i a l s .   O t h e r   o b j e c t s   of  t h e  

i n v e n t i o n   a r e   to  a c h i e v e   i n c r e a s e   in  p r o d u c t i o n   r a t e s ,  

g r e a t e r   e n e r g y   e f f i c i e n c y ,   and  n o v e l   s p e c i f i c   t r e a t m e n t  

p r o c e s s e s   f o r   web  m a t e r i a l s .  

T h e s e   o b j e c t s   a p p l y   in  g e n e r a l   to  a  w ide   v a r i e t y  

of  means   f o r   t he   l o n g i t u d i n a l   t r e a t m e n t .  

F u r t h e r m o r e ,   i t   i s   a  s p e c i f i c   o b j e c t   of  t h e  

i n v e n t i o n   to  i m p r o v e   t h e   " b l a d e l e s s "   t y p e   of  m i c r o c r e p i n g  

t r e a t m e n t .   In  " b l a d e l e s s "   m i c r o c r e p i n g   a  s t a t i o n a r y  

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

l i e   o v e r   t h e   d r i v e n   r o l l ,   f o r m i n g   t h e r e w i t h   a  r e t a r d i n g  

p a s s a g e   in  w h i c h   d r a g   f o r c e s   a r e   a p p l i e d   to  t h e   f a c e   o f  

t he   web.   T h i s   r e t a r d i n g   s u r f a c e   is   r o u g h   o r  

a b r a s i v e - l i k e   and  is  i n e x t e n s i b l e   in  t he   d i r e c t i o n   of  t h e  

web  t r a v e l .  



Use  of  s u c h   t r e a t m e n t   on  t e x t i l e   f a b r i c s   h a s  

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

a  h i g h l y   h e a t e d   (and  h e n c e   s o f t e n e d )   web  and  to  r e q u i r e  

s p e e d s   l i m i t e d   to   5  to   10  y a r d s   p e r   m i n u t e .   W h i l e   u n d e r  

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

s u c h   a  h e a t e d   web  h a v e   a  g l a z e d - l i k e   a p p e a r a n c e ,   and  w h e n  

t he   web  is   s u b s e q u e n t l y   s t r e t c h e d   and  c o o l e d   t h e   w e b  

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

f e e l i n g   of  h a r s h n e s s   to   t h e   h a n d .   S u b s e q u e n t   s c o u r i n g  

and  o t h e r   t r e a t m e n t s   have   b e e n   r e q u i r e d   to   make  s u c h   w e b s  

a c c e p t a b l y   s o f t   f o r   c o m m e r c i a l   u s e .  

S p o r a d i c   r e s u l t s   in  t h e   l a b o r a t o r y   h a v e  

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

f i b e r s   and  d e s i r e d   l e v e l   of  i n c r e a s e d   b u l k   c o u l d   b e  

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

w i t h o u t   need   f o r   s u b s e q u e n t   s c o u r i n g   or  t h e   l i k e ,   b u t   n o  

r e l i a b l e   means   has  been   a v a i l a b l e   to  a s s u r e   t h e s e   r e s u l t s  

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

p e r m a n e n c e   n e e d e d   to  w i t h s t a n d   a  s t a n d a r d   s e r i e s   of  w a s h  

t e s t s .   A l s o ,   d e f e c t s   known  as  " p i c k s "   s u c h   as  p r o d u c e d  

by  b r o k e n   f i b e r s ,   and  o t h e r   s u r f a c e   i m p e r f e c t i o n s   h a v e  

a p p e a r e d   when  webs  had  been   t r e a t e d   in  t h i s   w a y .  

Summary  of  t h e   I n v e n t i o n  

A c c o r d i n g   to  one  a s p e c t   of  t h e   i n v e n t i o n ,   a  w e b  

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

m a t e r i a l s  c o m p r i s e s   a  s p e c i a l   s t a t i o n a r y   l o w - f r i c t i o n  

s u r f a c e   f o r   p r e s s i n g   t h e   web  a g a i n s t   t h e   d r i v e n   r o l l ,  
t h i s   s u r f a c e   h a v i n g   a  s e r i e s   of  a d j a c e n t ,   e x p o s e d   e d g e s  

e x t e n d i n g   in  t h e   d i r e c t i o n   of  t h e   l e n g t h   of  t h e   r o l l   a n d  

h a v i n g   s u r f a c e   l a n d s   e x t e n d i n g   b e t w e e n   t h e s e   e d g e s .   B y  

u r g i n g   a  s e r i e s   of  t he   e d g e s   s i m u l t a n e o u s l y   i n  

p r e s s u r e - c o n c e n t r a t i n g   e n g a g e m e n t   a g a i n s t   t he   web,   t h e  

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

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

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



o v e r   v a r y i n g   c o n d i t i o n s .   P r e f e r a b l y   t he   e d g e s   a r e  

p r o v i d e d   in  t h e   u n d e r   s u r f a c e   of  a  s h e e t - f o r m   s p r i n g  

member   and  p r e s s u r e   t o w a r d   t h e   r o l l   is   c o n c e n t r a t e d   o n  

t h e   u p p e r   s u r f a c e   of  t h e   s h e e t - f o r m   member  a t   a  l o c a t i o n  

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

to   bend   t h e   s h e e t - f o r m   member  a b o u t  t h e   r o l l   and  p r e s s  

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

a g a i n s t   t h e   web.   P r e f e r a b l y   t h e   e d g e s   c o m p r i s e   i n t e g r a l  

f o r m a t i o n s   in  a  u n i t a r y   s p r i n g   s h e e t   s t e e l   m e m b e r ,   t h e  

e d g e s   a r e   a t   s t e p s   t h a t   l i e   no  more   t h a n   a b o u t   . 005   i n c h  

b e l o w   a d j a c e n t   l a n d   s u r f a c e s ,   and  t h e   e d g e s   a r e   s t r a i g h t  

w i t h   e a c h   o t h e r  

A n o t h e r   a s p e c t   of  t he   i n v e n t i o n   c o n c e r n s   t h e  

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

s t a t i o n a r y ,   low  f r i c t i o n   s u r f a c e   i s   f i r s t   u s e d   to  p r e s s  
t he   web  a g a i n s t   t he   d r i v e n   g r i p p i n g   s u r f a c e   in  a  d r i v e  

r e g i o n   to  d r i v e   t he   web  f o r w a r d   in  t h e   l o n g i t u d i n a l  

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

low  f r i c t i o n   s u r f a c e   i s   u s e d   to   c o n f i n e   t h e  

f o r w a r d - d r i v e n   web  o v e r   t h e   d r i v e n   s u r f a c e   in  an  e n l a r g e d  

c o n f i n i n g   r e g i o n .   D o w n s t r e a m   of  t h i s   c o n f i n i n g   r e g i o n  

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

to   a c c u m u l a t e   in  t he   c o n f i n i n g   r e g i o n   so  t h a t   t h e  

f o r w a r d - d r i v e n   u n t r e a t e d   m a t e r i a l   l o n g i t u d i n a l l y  

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

i t   l e a v e s   t h e   c o n f i n i n g   r e g i o n .   A c c o r d i n g   to  t h i s   a s p e c t  

of  t h e   i n v e n t i o n ,   t h e   f o r w a r d - d r i v e n   web  i s   e x p o s e d  

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

e n l a r g e m e n t s   of  t he   s p a c e   b e t w e e n   t h e   l o w - f r i c t i o n  

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

e n l a r g e m e n t s   i n c r e a s i n g   p r o g r e s s i v e l y   a l o n g   t he   t r a v e l  

d i r e c t i o n   in  m i n o r   a m o u n t s ,   t h e r e b y   p r e s e n t i n g   to  t h e  

t r a v e l i n g   web  a  s e r i e s   of  a d j a c e n t ,   d i m e n s i o n a l l y   s i m i l a r  

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

o c c u r .   Wi th   t h i s   a r r a n g e m e n t ,   as  d i f f e r e n t   t r e a t m e n t  



c o n d i t i o n s   o c c u r ,   t he   t r e a t m e n t   can  r e l i a b l y   o c c u r   in  t h e  

c o n f i n i n g   r e g i o n ,   b u t   in  d i f f e r e n t   o n e s   of  t h e   s e r i e s   o f  

a d j a c e n t   s i m i l a r   z o n e s   t h a t   make  up  t h e   c o n f i n i n g   r e g i o n .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   t h e  

web  is   e x p o s e d   to  a t   l e a s t   two  s u c c e s s i v e   d i s c r e t e  

s t e p p e d   p o r t i o n s   of  t h e   s t a t i o n a r y   s u r f a c e   in  t h e   d r i v e  

r e g i o n ;   t he   f i r s t   s t e p   is  e m p l o y e d   to   d e f i n e   a  

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

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

and  d raw  t h e   web  f o r w a r d   to  o v e r c o m e   web  s u p p l y   t e n s i o n .  

The  p o r t i o n   of  t h e   web  e x t e n d i n g   d o w n s t r e a m   f rom  t h i s  

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

d r i v e   s u r f a c e   in  a  r e l a t i v e l y   t e n s i o n l e s s   s t a t e ,  

e s s e n t i a l l y   w i t h o u t   c o m p a c t i o n   or  s l i p p a g e   of  t h e   w e b  

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

s t e p   is   u s e d   to  e n l a r g e   t he   h e i g h t   b e t w e e n   t h e   s t a t i o n a r y  

s u r f a c e   and  t h e   d r i v e n   s u r f a c e   to  p r e s e n t   to  t he   web  a  

s u f f i c i e n t l y   e n l a r g e d   c o n f i n i n g   zone   in  w h i c h   l o n g i t u d i n a l  

c o m p r e s s i v e   t r e a t m e n t   can  o c c u r ,   t h e   edge   a t   t h i s   s e c o n d  

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

p r e s s u r e   p o i n t   to  p r e s s   t h e   web  a g a i n s t   t he   d r i v e n  

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

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

c a s e   t o o ,   t h e   f o r w a r d - d r i v e n   web,   s t a r t i n g   a t   t h e   s e c o n d  

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

d i s c r e t e   s t e p p e d   e n l a r g e m e n t s   of  t he   s p a c e   b e t w e e n   t h e  

l o w - f r i c t i o n   s t a t i o n a r y   and  t h e   d r i v e n   s u r f a c e s ,   t o  

p r e s e n t   to  t h e   t r a v e l i n g   web  a  s e r i e s   of  a d j a c e n t ,  

d i m e n s i o n a l l y   s i m i l a r   z o n e s   in  w h i c h   l o n g i t u d i n a l  

c o m p r e s s i v e   t r e a t m e n t   can  o c c u r   w h i l e   t h e   web  is   s t i l l  

c o n f i n e d   b e n e a t h   t he   low  f r i c t i o n   s u r f a c e .  

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

t h e   i n v e n t i o n   a r e :   a  s t a t i o n a r y   s u r f a c e   in  t h e   d r i v e   a n d  

c o n f i n e m e n t   r e g i o n s   w h i c h   p r e s e n t s   to  t h e   web  a  s e r i e s   o f  

e s s e n t i a l l y   p l a n a r ,   s m o o t h   p o l i s h e d   l a n d s   e x t e n d i n g   i n  

t h e   d i r e c t i o n   of  t he   web  t r a v e l   and  d i s c r e t e ,   m i n o r   r i s e r  



p o r t i o n s   a t   t h e   s t e p s ,   w i t h   t h e   r i s e r   p o r t i o n s   e x t e n d i n g  

a t   s u b s t a n t i a l   a n g l e s   to  t h e   p l a n a r   l a n d s   and  f o r m i n g  

dams  t h a t   r e s i s t   b a c k w a r d   m i g r a t i o n   of   t h e   c o m p r e s s e d  

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

member   as  an  e x t e n s i o n   of  t he   p r e s s i n g   s u r f a c e ,  

p r e f e r a b l y   b e i n g   of  b l u e   s p r i n g   s t e e l ;   s t e p s   of  t h e   o r d e r  

of   0 . 0 0 3   i n c h e s   h e i g h t ;   p o r t i o n s   of  t h e   s t a t i o n a r y   l o w  

f r i c t i o n   s u r f a c e   b e t w e e n   a d j a c e n t   s t e p s   e x t e n d i n g  

l o n g i t u d i n a l l y   in  l e n g t h   b e t w e e n   a b o u t   10  and  30  t i m e s  

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

t h e   o r d e r   of  0 . 0 5 0   i n c h e s   l o n g ;   f o r   t r e a t m e n t   of  c e r t a i n  

p r e d e t e r m i n e d   web  m a t e r i a l s ,   t h e   h e i g h t   of  e a c h   s t e p  

b e i n g   no  more   t h a n   a b o u t   one  t h i r d   of  t h e   t h i c k n e s s   o f  

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

web  a t   l e a s t   t h r e e   of  t he   m i n u t e   s t e p s   t h a t   b o u n d  

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

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

p r o v i d i n g   a  m i n o r   s t e p   a t   t h e   p o i n t   of  t r a n s f e r   of  t h e  

web  f rom  t h e   c o n f i n i n g   p a s s a g e   to   t h e   r e t a r d i n g   p a s s a g e  
w i t h o u t   s u b s t a n t i a l   c h a n g e   in  p a s s a g e   d i m e n s i o n ,  

p r e f e r a b l y   t h i s   s t e p   b e i n g  o f   t h e   o r d e r   of   0 . 0 0 3  i n c h ,  

and  p r e f e r a b l y   t h e   r e t a r d i n g   e f f e c t   b e i n g   p r o v i d e d   by  a  

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

and  d e f i n i n g   t h e r e w i t h   t h e   r e t a r d i n g   p a s s a g e ,   t h e  

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

r e t a r d i n g   p a s s a g e   in  a  p a t h   s u b s t a n t i a l l y   p a r a l l e l   to   t h e  

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

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

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

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

e f f e c t   or  f o r   r e g u l a t i n g   the   s p r i n g   q u a l i t y   of  a  

s t r e t c h a b l e   web  t h e   r e t a r d i n g   s u r f a c e   is   in  t h e   fo rm  o f  

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

b e t w e e n   t h e   f i n g e r s .  



A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n  

a d d i t i o n a l   b e n e f i t s   can   be  r e a l i z e d   by  i s o l a t i n g   t h e  

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

a p p l i e d   when  r e g u l a t i n g   t h e   r e t a r d i n g   p a s s a g e .   In  t h i s  

way  t h e   s p e c i a l   g e o m e t r y   of  t h e   c o n f i n i n g   p a s s a g e   can   b e  

k e p t   r e l a t i v e l y   c o n s t a n t   d u r i n g   c h a n g e s   in  t h e   d o w n w a r d  

p r e s s u r e   a t   t h e   r e t a r d i n g   p a s s a g e .   In  p r e f e r r e d  

e m b o d i m e n t s   of  t h i s   a s p e c t   of  t he   i n v e n t i o n ,   in  w h i c h  

s t a t i o n a r y   o v e r l y i n g   s h e e t   f o rm  m e m b e r s   d e f i n e   t h e  

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

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

s h e e t   member   a t   a  p o i n t   i m m e d i a t e l y   d o w n s t r e a m   of  t h e  

c o n f i n i n g   p a s s a g e .   T h i s   h i n g e ,   w h i l e   e n a b l i n g   c o n t i n u i t y  

b e t w e e n   t h e   w e b - c o n f i n i n g   and  r e t a r d i n g   s u r f a c e s ,   e n a b l e s  

b e n d i n g   of   t h e   d o w n s t r e a m   end  of  t h e   s h e e t - f o r m   member   t o  

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

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

c o n f i n i n g   p a s s a g e .   T h i s   can  a v o i d   t e n d e n c i e s   to  c h o k e  

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

d r i v e   f o r c e   a t   t h e   o u t l e t   end  of   t h e   c o n f i n i n g   p a s s a g e ,  
and  h e l p   r e d u c e   wear   of  t he   p r i m a r y   c o n f i n i n g   s u r f a c e .  

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

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

w h i c h   a c t s   t h r o u g h   a  m e d i a t i n g   member   to  d e f l e c t   t h e  

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

e x p a n s i o n .   P r e f e r a b l y   t h i s   f e a t u r e   i s   e m p l o y e d   i n  

c o n j u n c t i o n   w i t h   t h e   s p e c i a l l y   n o t c h e d   or  h i n g e d  

s h e e t - f o r m   member   m e n t i o n e d   a b o v e .  

A c c o r d i n g   to  t h e   i n v e n t i o n   we  h a v e   f u r t h e r m o r e  

made  d i s c o v e r i e s   t h a t   i m p r o v e   t he   t r e a t m e n t   of  w o v e n ,  
k n i t t e d   and  n o n w o v e n   t e x t i l e s ,   in  o r d e r   to  p r o d u c e  

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

c o n d i t i o n s .   As  m e n t i o n e d   a b o v e ,   p r i o r   a r t   m i c r o c r e p e r s  

( s u c h   as  t he   b l a d e l e s s   m i c r o c r e p e r   d e s c r i b e d   in  our   ' 2 8 0  



p a t e n t )   h a v e   been   f o u n d   w i t h   d e l i c a t e   f a b r i c s   to  p r o d u c e  

p i c k s   ( s m a l l   d i s r u p t i o n s   or  b r e a k s   in  i n d i v i d u a l   f i b e r s ) ,  

and  to  u n e v e n l y   move  t h e   f a b r i c   d u r i n g   t h e   m i c r o c r e p i n g .  

We  h a v e   d e t e r m i n e d   t h a t   one  c a u s e   of  p i c k s   i s   t h a t  

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

a r e a s   of  i n c r e a s e d   t h i c k n e s s ,   become   l o c a l l y   c h o k e d  

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

i t   s l i p s   p a s t   t he   f a b r i c ,   t e a r s   a t   t h e   t h r e a d s .  

E x a m i n a t i o n   of  f a b r i c s   t h a t   h a v e   b e e n   r e m o v e d   f rom  p r i o r  

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

s t o p p e d   h a v e   shown  t h a t   t h e   l i n e   a t   w h i c h   c o m p a c t i o n  

i n i t i a l l y   o c c u r s   d o e s   n o t   e x t e n d   s t r a i g h t   a c r o s s   t h e  

f a b r i c ,   b u t   r a t h e r   t e n d s   to   f o l l o w   a  wavy  p a t t e r n .   I n  

some  i n s t a n c e s   t h e   l i n e   a p p e a r s   as  a  s e r i e s   of  e n d - t o - e n d  

h a l f   m o o n s .   Our  i n v e n t i o n   s o l v e s   t h i s   p r o b l e m   b y  

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

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

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

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

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

f u l l   w i d t h   of  t h e   w o v e n ,   k n i t t e d   or  n o n w o v e n   f a b r i c   b e i n g  

t r e a t e d ,   i r r e s p e c t i v e   of  l o c a l i z e d   v a r i a t i o n s   in  t h e  

web.   The  r e s u l t   can   be  a  s m o o t h ,   p i c k - f r e e   c o m p r e s s i o n a l y  

t r e a t e d   f a b r i c .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n   we 

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

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

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

web,   t h r o u g h   c o n v e r s i o n   of  m e c h a n i c a l   work  e n e r g y   to   h e a t .  

Thus   in  t h e   c a s e   of  h e a t   s e t t a b l e   w e b s ,   when  we  

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

a c h i e v e d   by  h e a t i n g   t h e   web  to  i t s   r e c o g n i z e d   h e a t   s e t  

r a n g e ,   we  o n l y   p r e w a r m   the   f a b r i c   to  a  t e m p e r a t u r e  

s u b s t a n t i a l l y   b e l o w   t h i s   r a n g e ,   and  we  d r i v e   t h e   f a b r i c  

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



s u f f i c i e n t   s p e e d   t h a t   t he   w o r k - e n e r g y   i m p a r t e d   by  t h e  

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

be  o b t a i n e d .   By  i n t r o d u c i n g   t h e   web  in  a  r e l a t i v e l y   c o o l  

c o n d i t i o n ,   t h e   f a b r i c   r e t a i n s   a  d e g r e e   of  t o u g h n e s s   t h a t  

e n a b l e s   a  s u b s t a n t i a l   q u a n t i t y   of  work  to  be  p e r f o r m e d ,  

r e s u l t i n g   in  e f f e c t i v e   l e v e l s   of  s e l f - g e n e r a t e d   h e a t .  

T h i s   a s p e c t   of  t h e   i n v e n t i o n   i s   of  p a r t i c u l a r  

i m p o r t a n c e   in  r e s p e c t   of  f a b r i c s   c o m p r i s e d   of  y a r n s   o r  

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

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

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

t e m p e r a t u r e   of  t h e   o r d e r   of  50°  F  b e l o w   t h e   r e c o g n i z e d  

h e a t - s e t   t e m p e r a t u r e   r a n g e   of  t he   m a t e r i a l ,   b u t  

o r d i n a r i l y   a b o v e   200°  F,  t h e   s p e e d   t h r o u g h   t h e   t r e a t m e n t  

is   m a i n t a i n e d   a t   a b o u t   15  y a r d s   p e r   m i n u t e   or  f a s t e r   a n d  

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

t r e a t m e n t .   When  t he   f a b r i c   e m e r g e s   f rom  t h i s   t r e a t m e n t  

i t   has   a  s o f t   hand   and  d o e s   n o t   e x h i b i t   h a r s h n e s s   or  h e a t  

s t r a i n s   t h a t   a r e   a s s o c i a t e d   w i t h   p r e h e a t i n g   to  t h e  

h e a t - s e t   r a n g e .   I t s   b l o o m e d   and  d e n s i f i e d   c o n d i t i o n   i s  

n e v e r t h e l e s s   p e r m a n e n t l y   s e t   and  s t a b l e ,   ( i n   t he   m a n n e r  

n o r m a l l y   a c h i e v e d   o n l y   by  h e a t i n g   t h e   web  i n t o   t h e   h e a t  

s e t   r a n g e )   as  d e m o n s t r a t e d   by  r e t e n t i o n   by  t h e   web  of  i t s  

d i m e n s i o n s   a f t e r   a  s t a n d a r d   s e r i e s   of  wash  t e s t s .   T h i s  

p r o c e s s   t h e r e f o r e   e n a b l e s   t he   p e r m a n e n t   t r e a t m e n t   of  a  
k n i t t e d   f a b r i c   as  t h e  f i n a l   s t e p   in  i t s   m a n u f a c t u r e ,   w i t h  

p r e w a r m   t e m p e r a t u r e s   b e l o w   300°  F,  o r d i n a r i l y   a b o v e  

200°  F,  and  w i t h o u t   t he   n e e d   of  s u b s e q u e n t   s c o u r i n g ,  

h e a t - s e t t i n g ,   t e n t e r i n g   or  t r i m m i n g .  

In  one  p r e f e r r e d   e m b o d i m e n t   of  t h i s   a s p e c t   o f  

t he   i n v e n t i o n   the   m a t e r i a l   c o m p r i s e s   n y l o n   t r i c o t   k n i t  

f a b r i c   of  a  t h i c k n e s s   of  a b o u t   .010  i n c h ,   t h e   t e m p e r a t u r e  

of  t he   web  a p p r o a c h i n g   t he   c o m p r e s s i v e   t r e a t m e n t   s t e p   i s  

m a i n t a i n e d   in  t he   r a n g e   fo  240°  F  to   300°  F,  and  t h e  

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



m a i n t a i n e d   in  t he   r a n g e   of  15  to  30  y a r d s   p e r   m i n u t e ;   i n  

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

t r i c o t   k n i t   f a b r i c   of  a  t h i c k n e s s   of  a b o o u t   .010   i n c h ,  

t h e   t e m p e r a t u r e   of  t h e   web  a p p r o a c h i n g   t h e   c o m p r e s s i v e  

t r e a t m e n t   s t e p   is   m a i n t a i n e d   in  t h e   r a n g e   of  220°  F  t o  

280°  F,  and  t h e   s p e e d   t h r o u g h   t h e   l o n g i t u d i n a l  

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

15  to   30  y a r d s   pe r   m i n u t e .  

P r e f e r a b l y ,   f o r   t h e   s e l f - s e t t i n g   p r o c e s s   j u s t  

d e s c r i b e d ,   t h e   r e t a r d i n g   member  i s   of  t h e   d r a g - p r o d u c i n g  

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

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

t h e   f a b r i c   a g a i n s t   t h e   r e t a r d i n g   s u r f a c e .   T h e  

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

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

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

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

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

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

a b o u t   50  t i m e s   t he   u n t r e a t e d   t h i c k n e s s   of  t h e   f a b r i c ,   t h e  

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

p r o v i d e   t h e   l i g h t e r ,   and  f i n a l l y   no  r e t a r d i n g   e f f e c t   a t  

t he   o u t e r   e n d .  

In  one  e m b o d i m e n t ,   t h e   r e t a r d i n g   e l e m e n t   i s   a  

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

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

a r e   e m b e d d e d   by  t h e   p l a s m a - c o a t i n g   p r o c e s s )   p r o v i d e   t h e  

d e s i r e d   g r i p   and  r e l e a s e   c h a r a c t e r i s t i c s   on  v e r y   d e l i c a t e  

f a b r i c s   t h a t   a r e   s u s c e p t i b l e   to  t e a r i n g   or  p i c k i n g .   W i t h  

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

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

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

From  the   d i s c o v e r y   of   u s e f u l   s e l f - h e a t i n g   in  t h e  

t r e a t m e n t   of  f a b r i c s   we  have   r e a l i z e d   t h a t   t h e   c o n c e p t  

may  h a v e   a  more  g e n e r a l   a p p l i c a t i o n   to  l o n g i t u d i n a l  



c o m p r e s s i v e   t r e a t m e n t   p r o c e s s e s   w h e r e   t he   m a t e r i a l  

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

l e v e l   of  t e m p e r a t u r e .   A c c o r d i n g   to  t he   i n v e n t i o n   s u c h  

p r o c e s s e s   a r e   c h a r a c t e r i z e d   by  t h e   s t e p s   of  m a i n t a i n i n g  

t he   m a t e r i a l   a p p r o a c h i n g   t he   c o m p r e s s i o n a l   t r e a t m e n t   s t e p  

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

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

e n a b l e   t h e   c o m p r e s s i v e   t r e a t m e n t   of  t h e   m a t e r i a l   t o  

c o n v e r t   work  e n e r g y   to  h e a t i n g   of  t h e   m a t e r i a l   to  t h e  

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

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

to  c o n t i n u a l l y   p r o d u c e   h e a t   r i s e   in  t h e   m a t e r i a l   to  t h e  

p r o c e s s - d e m a n d   l e v e l   t e m p e r a t u r e ,   and  r e l y i n g   upon  s u c h  

t e m p e r a t u r e   r i s e   in  t h e   c o m p l e t i o n   of  t h e   p r o c e s s .  

In  p r e f e r r e d   e m b o d i m e n t s   of  t h i s   p r o c e s s   t h e  

m a t e r i a l   is   a  t h e r m o p l a s t i c   s y n t h e t i c   p o l y m e r ,   t h e  

p r o c e s s - d e m a n d   l e v e r   of  t e m p e r a t u r e   is  a  t e m p e r a t u r e   a t  

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

c o m p r e s s i v e   t r e a t m e n t   c o n d i t i o n s   and  t h e   m a t e r i a l   has   a  

h e a t   s e t   t e m p e r a t u r e   of  t he   o r d e r   of  350°  or  h i g h e r ,   a n d  

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

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

s t e p   a t   a  t e m p e r a t u r e   b e l o w   a b o u t   300°  F  b u t   a b o v e   200°  F .  

In  o t h e r   e m b o d i m e n t s   of  t h i s   p r o c e s s   t h e   m a t e r i a l  

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

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

t e m p e r a t u r e   is   d e f i n e d   as  a  t e m p e r a t u r e   r e q u i r e d   t o  

e n a b l e   e v a p o r a t i o n   of  a  m a j o r   p a r t   of  t h e   v o l a t i l e   l i q u i d  

when  t h e   web  is  e x p o s e d   to  a m b i e n t   c o n d i t i o n s .   I n  

p r e f e r r e d   e m b o d i m e n t s   t he   m a t e r i a l   c o m p r i s e s   a  p a p e r   w e b ,  

t he   v o l a t i l e   l i q u i d   is  s u b s t a n t i a l l y   w a t e r ,   l i m i t e d  

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

t he   web  r e m a i n   t o u g h ,   and  t h e   p r o c e s s   demand   l e v e l  

t e m p e r a t u r e   i s   d e t e r m i n e d   by  t he   d r y i n g   r e q u i r e m e n t   o f  

t he   p a p e r .   To  p r o d u c e   a  t r e a t e d   k r a f t   p a p e r   s u i t a b l e  



f o r   use   in  w r a p p i n g s   and  p a p e r   b a g s ,   t h e   l o n g i t u d i n a l l y  

c o m p r e s s i v e   t r e a t m e n t   s t e p   i s   a d a p t e d   to  i m p a r t   a  r e g u l a r  
e f f e c t   to  t h e   web  in  w h i c h   f i b e r s   of  t h e   web  a r e   b e n t  

i n t o   a  f i n e l y ,   b a r e l y ,   p e r c e p t i b l e   m i c r o c r e p e   t e x t u r e ,  
and  t h e   p r o c e s s   demand  l e v e l   t e m p e r a t u r e   is  s e l e c t e d   t o  

d r y   t h e   k r a f t   p a p e r   to  p e r m a n e n t l y   s e t   t h e   m i c r o c r e p e  

t e x t u r e ;   t h e   c o n c e n t r a t i o n   of  l i q u i d   t h a t   r e m a i n s   in  t h e  

web  is   m e a s u r e d   as  i t   l e a v e s   t he   p r o c e s s   and  t he   l i q u i d  

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

t r e a t m e n t   s t e p   is   r e g u l a t e d   on  t h e   b a s i s   of  t h a t  

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

T h e s e   and  o t h e r   f e a t u r e s   and  a d v a n t a g e s   of  t h e  

i n v e n t i o n   w i l l   be  u n d e r s t o o d   f rom  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   t a k e n   in  c o n j u n c t i o n   w i t h   t h e   d r a w i n g s  

w h e r e i n :  

D r a w i n g s  

F i g s .   1  t h r o u g h   4  a r e   h i g h l y   m a g n i f i e d   d i a g r a m -  
m a t i c   i l l u s t r a t i o n s   of  a  web  b e i n g   l o n g i t u d i n a l l y  

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

i n v e n t i o n ;  

F i g .   5  i s   a  d i a g r a m m a t i c   c r o s s - s e c t i o n a l   v i ew   o f  

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

m i n u t e   s t e p s ;  

F i g s .   6  and  7  a r e   v i e w s   s i m i l a r   to  F i g s .   1  a n d   2 

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

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

s u c c e s s i v e   l i n e s   of  f e e d ;  

F i g .   8  i s   an  end  v iew  of  a  m a c h i n e   a d a p t e d   t o  

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

of  a  w e b ;  

F i g s .   9  and  9a  a r e   m a g n i f i e d   v i e w s   of  t h e  

w e b - t r e a t i n g   c o m p o n e n t s   of  t he   m a c h i n e   of  F i g .   8 

i l l u s t r a t i n g   t h e   a d j u s t m e n t   r a n g e   of  t he   c o m p o n e n t s ;   F i g .  

9b  is   a  d i a g r a m m a t i c   p l a n   v i ew   of  F i g .   9a  and  F i g .   9c  i s  

a  s i d e   v i ew  of  t he   p r i m a r y   member  e m p l o y e d   in  t he   s y s t e m  

of  F i g s .   8  and  9 .  



F i g .   9d  i s   a  c r o s s - s e c t i o n   s i m i l a r   to   F i g .   9 c  

s h o w i n g  a   s p e c i a l l y   f l u t e d   f i n a l   l i p   w h i l e   F i g .   9e  i s   a  

c r o s s - s e c t i o n   t a k e n   on  l i n e   9 e - 9 e   of   F i g .   9 d .  

F i g s .   1 0 ,   1 0 a ,   11  and  12  i l l u s t r a t e   a l t e r n a t e  

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

F i g s .   1 - 7 .  

F i g s .   13  and  13a  a r e   c r o s s - s e c t i o n a l   v i e w s   a t  

d i f f e r e n t   d e g r e e s   of   m a g n i f i c a t i o n   o f   an  e x p a n s i b l e   a i r  

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

s t a t i o n a r y   b l a d e l e s s   r e t a r d e r   m e m b e r ;  

F i g .   14  i s   a  h i g h l y   m a g n i f i e d   v i e w   of   a  

p o l y e s t e r   t r i c o t   f l a t   k n i t   f a b r i c   s h o w i n g   t h e   e f f e c t   o f  

t r e a t m e n t   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g .   15  i s   a  v i e w   s i m i l a r   to   F i g .   14  a t   l e s s  

m a g n i f i c a t i o n ;  

F i g .   16  i s   a  v i e w   s i m i l a r   to   F i g .   15  of   t h e   s a m e  

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

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

F i g .   17  i s   a  p l a n   v i e w   s h o w i n g   t h e   e f f e c t   of   t h e  

t r e a t m e n t   on  a  f i b r o u s   n o n w o v e n   f a b r i c ;  

F i g .   18  i s   a  v i e w   s i m i l a r   to   F i g .   17  of   t h e  

e f f e c t   o f   t r e a t m e n t   u p o n   a n o t h e r   n o n w o v e n   w e b ;  

F i g .   19  i s   a  p e r s p e c t i v e   of   an  e m b o d i m e n t  

p r o d u c i n g   a  p l i s s e   e f f e c t   in   a  f a b r i c ;   F i g .   19a   s h o w s   t h e  

f a b r i c ;   w h i l e   F i g s .   20  and  20a  a r e   c r o s s   s e c t i o n s   t a k e n  

a t   l i n e s   20  and   20a  on  F i g .   1 9 .  

F i g .   21  i s   a  d i a g r a m m a t i c   v i e w   of   a  s y s t e m   f o r  

t r e a t i n g   a  s y n t h e t i c   t e x t i l e   f a b r i c   to   t a k e   a d v a n t a g e   o f  

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

s e t t i n g   t h e   t r e a t m e n t   e f f e c t s   p e r m a n e n t l y   in  t h e   f a b r i c ;  

F i g s .   22  and  23  a r e   d i a g r a m m a t i c   v i e w s   of   t h e  

c o m p r e s s i v e   h e a t - g e n e r a t i n g   w o r k i n g   a c t i o n   u p o n   a  f i b e r  

of  t h e   web ;   a n d  

F i g .   24  i s   a  v i e w   s i m i l a r   to   t h a t   of   F i g .   21  o f  

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

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

and  s e t   t h e   t r e a t m e n t   in  t h e   p a p e r .  



D e s c r i p t i o n   of  P r e f e r r e d   E m b o d i m e n t s  

In   F i g s .   1-4   m i n u t e l y   s t e p p e d ,   p o l i s h e d  

s t a t i o n a r y   p r i m a r y   s u r f a c e   10  l i e s   o v e r   g r i p p i n g   s u r f a c e  

12  of  d r i v e n   r o l l   14  to  fo rm  a  c o n f i n i n g   p a s s a g e   in  w h i c h  

c o m p r e s s i v e   t r e a t m e n t   of  a  web  can   o c c u r .   E a c h  

c r o s s - s e c t i o n   r e c t a n g l e   r e p r e s e n t s   an  e q u a l   w e i g h t   of  w e b .  

The  web  has   u n c o m p r e s s e d   t h i c k n e s s ,   t o .   A t  

t h e   l e f t   an  i n i t i a l   p a r t   of  t h e   s t a t i o n a r y   s u r f a c e  

p r e s s e s   t h e   web  a g a i n s t   r o l l   s u r f a c e   12  w i t h   p r e s s u r e   P ,  

to  c a u s e   r o l l   14  to  g r i p   and  c a r r y   t h e   web  f o r w a r d   a t  

r o l l   s p e e d   S.  P r o g r e s s i n g   to  t h e   r i g h t   a r e   s u r f a c e   s t e p s  

A,  B  a n d   C,  each   f o l l o w e d   by  a  r e s p e c t i v e   p o l i s h e d   l a n d  

11,   12  and  13.  S p a c i n g s   of  t he   l a n d s   f rom  g r i p p i n g  

s u r f a c e   12  e n l a r g e   p r o g r e s s i v e l y   by  t he   d i s c r e t e   m i n o r  

a m o u n t s  A t   of  t he   s t e p s ,   to   a l l o w   t h e   web  to   e l a s t i c a l l y  

e x p a n d   or  to  be  c o m p r e s s i o n a l l y   t h i c k e n e d   in  d i s c r e t e ,  

m i n u t e   i n c r e m e n t s .   Thus  t h e   web  i n c r e a s e s   f rom  p r e s s e d  

t h i c k n e s s   tp   to  t h i c k n e s s e s   t l ,   t2  and  t 3 .   I n  

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

t he   o r i g i n a l   p r e s s e d   t h i c k n e s s   tp  of  t he   web,   e . g .  A t  

=   .003   i n c h   or  l e s s .  

The  s t e p p e d   s u r f a c e   can   t h u s   be  c o n s i d e r e d   t o  

d e f i n e   w i t h   t he   r o l l   s u r f a c e   12  a  s e r i e s   of  d i m e n s i o n a l l y  
s i m i l a r   b u t   p r o g r e s s i v e l y   e n l a r g i n g   a x i a l l y   a l i g n e d  

c a v i t i e s   I ,   I I   and  I I I .   R e t a r d i n g   m e a n s ,   n o t   s h o w n ,  

a p p l y   r e t a r d i n g   f o r c e s   R  to  t h e   web  a t   t he   d o w n s t r e a m   e n d  

of  t he   l a s t   c a v i t y .  

F i g s .   1-4   show  t he   t r e a t m e n t s   of  d i f f e r e n t   w e b s  

in  d i f f e r e n t   c a v i t i e s .   In  F i g .   1,  a f t e r   web  16  h a s  

e n t e r e d   u n d e r   s t a t i o n a r y   s u r f a c e   10,   d o w n w a r d   p r e s s u r e   i s  

c o n c e n t r a t e d   a t   t he   edge   of  s t e p   A,  as  s u g g e s t e d   by  t h e  

a r r o w s   P.  In  t h i s   i l l u s t r a t i o n ,   t h e   f i r s t   e n l a r g e m e n t  

f rom  tp  to  t1  a t   s t e p   A  a c c o m o d a t e s   e l a s t i c   e x p a n s i o n  

of  t h i s   p a r t i c u l a r   web,   t he   e n l a r g e m e n t   b e i n g   i n s u f f i c i e n t  



to  r e l e a s e   t h e   web  f rom  the   g r i p p i n g   s u r f a c e   1 2 .  

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

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

a t   r o l l   s p e e d   S .  

The  edge   a t   s t e p   B  s e r v e s   a g a i n   as  a  c o n c e n -  
t r a t i o n   p o i n t   f o r   downward   p r e s s u r e   a g a i n s t   t h e   d r i v e n  

r o l l .  

As  web  16  p a s s e s   s t e p   B  and  e n t e r s   c a v i t y   I I   i n  

F i g .   1,  i t   is   c o n f r o n t e d   w i t h   an  a c c u m u l a t e d   c o l u m n   o f  

p r e v i o u s l y   c o m p r e s s e d   web  m o v i n g   a t   a  s l o w e r   s p e e d ,  

S r .   (When  t r e a t m e n t   c o m m e n c e d   t h e   c o m p r e s s e d   c o l u m n  

has   a c c u m u l a t e d   back   to  t h i s   p o i n t   f rom  t h e   r i g h t   due  t o  

t he   r e t a r d i n g   f o r c e s   R.)  At  c a v i t y   I I   t h e   f u r t h e r  

e n l a r g e m e n t   in  s p a c e   b e t w e e n   s u r f a c e s   12  and  10  and  t h e  

o p p o s i t i o n   p r o v i d e d   by  the   r e t a r d e d   co lumnm  c a u s e   t h e   w e b  

to  s l i p   r e l a t i v e   to  t he   m o v i n g   g r i p p i n g   s u r f a c e   12  w h i l e  

t h e   web  is   c o m p r e s s e d   l o n g i t u d i n a l l y   and  t h i c k e n e d .   T h e  

c o m p r e s s e d   s t a t e   is  i n d i c a t e d   by  t h e   n a r r o w e r - w i d t h  

r e c t a n g l e s   t h a t   f o l l o w   s t e p   B .  

The  c o l u m n   of  t h i c k e n e d   and  l o n g i t u d i n a l l y  

c o m p r e s s e d   web  is   moved  f o r w a r d   f rom  s t e p   B  a t   r e t a r d e d  

s p e e d   S r .   F o r c e s   p r o v i d i n g   t h i s   m o v e m e n t   a r e   t h e  

d r i v i n g   f o r c e   of  t he   u n t r e a t e d   m a t e r i a l   b e i n g   d e l i v e r e d  

to  t h e   c o m p r e s s i o n a l   p o i n t   a t   s t e p   B  and  t h e   f o r w a r d   d r a g  
f o r c e s   a p p l i e d   by  t h e   d r i v e n   g r i p p i n g   s u r f a c e   12  as  i t  

s l i d e s   f o r w a r d   u n d e r   t he   c o m p a c t e d   c o l u m n   in  c a v i t i e s   I I  

and  I I I .   As  t h e   c o m p a c t e d   c o l u m n   r e a c h e s   s t e p   C,  i t  

e n c o u n t e r s   a  f u r t h e r   m i n o r   e n l a r g e m e n t  A t .   B e c a u s e   o f  

the   c o m p r e s s e d   s t a t e   of  t he   web  a t   t h i s   p o i n t ,   t h e   w e b  

e l a s t i c a l l y   e x p a n d s   f rom  t2  to  t3  to  f i l l   t h i s   s m a l l  

c h a n g e   in  p a s s a g e   h e i g h t   w i t h   no  t e n d e n c y   f o r   t he   web  t o  

f o l d   i n t o   g r o s s   p l e a t s .   The  f u r t h e r - t h i c k e n e d   web  m o v e s  

t h r o u g h   c a v i t y   I I I   and  p a s t   t h e   r e t a r d i n g   m e a n s ,   n o t  

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

web  may  be  s u b j e c t e d   to  t a k e u p   t e n s i o n   to  r e m o v e   a l l   b u t  

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

t he   web  d e s i r e d   e f f e c t s   p r o d u c e d . b y   t he   t r e a t m e n t .  



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

t h e   web  o c c u r s ,   d e n o t e d   by  l e t t e r   0,  i s  a t   s t e p   B  in  F i g .  

1.  I f   t h e   t r e a t m e n t   i n i t i a l l y   s t a b i l i z e s   a t   t h i s   s t e p  

(as  a  r e s u l t   of  t he   p a r t i c u l a r   q u a l i t y   of  web  16,  i t s .  

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

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

t h e   web  16  or  i t s   c o n d i t i o n s   of  t r e a t m e n t ,   t h e   p o i n t   o f  

t r e a t m e n t   O  w i l l   t e n d   to  r e m a i n   s t a b l y   a t   s t e p   B  f o r   t h e  

f o l l o w i n g   r e a s o n s .   The  web  has   b e e n   d e l i v e r e d  w i t h   f u l l  

s p e e d   to  s t e p   B,  t h e   web  t h i c k n e s s   t l   h a v i n g   b e e n  

i n s u f f i c i e n t   to   p e r m i t   t h e   web  to   s l i p   upon   t h e   g r i p p i n g  

s u r f a c e   12.   I m m e d i a t e l y   a f t e r   s t e p   B,  h o w e v e r ,   due  t o  

t h e   d i s c r e t e   e x p a n s i o n   of  c h a m b e r   I I ,   a l b e i t   s m a l l ,   t h e  

d e g r e e   of  p r e s s u r e   of  t he   web  a g a i n s t   t h e   d r i v e n   g r i p p i n g  

s u r f a c e   12  has   s u d d e n l y   d e c r e a s e d   by  a  s t e p   v a l u e .   T h e  

r e t a r d i n g   f o r c e s   R,  a p p l i e d   a t   t h e   f a r   end  of  t h e  

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

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

T h e s e   c o n d i t i o n s   c a u s e   t h e   o n c o m i n g   web  to  s l i p   r e l a t i v e  

to  t h e   f o r w a r d   m o v i n g   r o l l   and  to   be  l o n g i t u d i n a l l y  

c o m p r e s s e d   and  a d d e d   to  t he   c o m p r e s s e d   c o l u m n .  

S u p p o s e ,   h y p o t h e t i c a l l y ,   t h a t   p o i n t   0  b e g a n   t o  

m i g r a t e   to  t h e   l e f t .   T h i s   w o u l d   r e q u i r e   t h e   end  of  t h e  

c o m p r e s s e d   c o l u m n   to  be  f o r c e d   l e f t w a r d   b e y o n d   s t e p   B .  

Bu t   t h e   p r o j e c t e d   f r o n t a l   s u r f a c e   11  of  t h e   r i s e r   or  s t e p  

a t  B   s e r v e s   s o m e w h a t   as  a  dam,  and  t e n d s   to  b l o c k   t h e  

t h i c k e n e d   c o l u m n   f r o m   a c c u m u l a t i n g   to   t he   l e f t .  

F u r t h e r m o r e ,   i f   t he   c o m p r e s s e d   c o l u m n  d i d   s t a r t   to  w e d g e  

l e f t w a r d   u n d e r   s t e p   B  to  e n t e r   c a v i t y   I ,   i t   w o u l d  

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

g r i p p i n g   s u r f a c e   12  a t   t h i s   p o i n t .   T h i s   w o u l d   i n c r e a s e  

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

web,   t e n d i n g   to  p r o p e l   t he   p o r t i o n   to   t he   r i g h t   a t   r o l l  

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



On  t h e   o t h e r   h a n d ,   i f   one  s u p p o s e s   t h a t   p o i n t   o f  

t r e a t m e n t   0  b e g a n   to  m i g r a t e   to  t h e   r i g h t   in  c a v i t y   I I ,  

t h e n   a  p o r t i o n   of  u n t r e a t e d   web  w o u l d   have   to  e x t e n d   f r o m  

p o i n t   B  a t   a  d i s t a n c e   to  t h e   r i g h t   b e f o r e   r e a c h i n g   t h e  

end  of  t he   c o m p r e s s e d   c o l u m n .   T h i s   p o r t i o n   of  web  w o u l d  

be  s o m e w h a t   u n c o n f i n e d   in  t h i c k n e s s  d u e   to  t h e   s t e p p e d  

e n l a r g e m e n t   of  c a v i t y   I I ,   i t   w o u l d   be  s u b j e c t e d   a t   t h e  

l e f t   to  t he   d r i v e   f o r c e s   b e i n g   d e l i v e r e d   a t   p o i n t   B  a n d  

i t   w o u l d   be  r e s i s t e d   to   t h e   r i g h t   by  t he   e x p o s e d   end  o f  

t h e   c o m p r e s s e d   c o l u m n   of  web.  Wi th   t h e   u n t r e a t e d   p o r t i o n  

of  web  t h u s   e x p o s e d   to  o p p o s e d   f e e d i n g   and  r e t a r d i n g  

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

web  b e i n g   f r e e   to  be  t h i c k e n e d   in  t h e   l a t e r a l   d i r e c t i o n  

by  t h e   s t e p p e d   i n c r e a s e   in  c a v i t y   d e p t h ,   t h e   web  w i l l  

t e n d   to  c o m p r e s s   l o n g i t u d i n a l l y   and  t h i c k e n .   The  n e t  

e f f e c t   of  t h i s   a c t i o n   is   to  p r o d u c e   a  t e n d e n c y   f o r   t h e  

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

f rom  s t e p   B .  

A c c o r d i n g l y ,   o v e r   a  c o n s i d e r a b l e   r a n g e   o f  

c o n d i t i o n s ,   t h e   s t e p   a t   B  can  s e r v e   to   s t a b i l i z e   t h e  

p o i n t   of  o r i g i n a l   t r e a t m e n t .  

The  m i n o r   s i z e   of  t h e   s t e p   a t   w h i c h   t r e a t m e n t  

o c c u r s   a v o i d s   any  t e n d e n c y   f o r   t he   web  to  fo rm  g r o s s  
f o l d s   or  have   i t s   f a c e s   i m p a i r e d   as  i t   is   t r e a t e d .   I n  

t h e  c a s e   of  k n i t t e d   and  woven  t e x t i l e s   in  w h i c h   t h e  

t h r e a d s   or  y a r n s   i n h e r e n t l y   u n d u l a t e   in  t h e   woven  or  k n i t  

p a t t e r n ,   t he   c o m p r e s s i v e   a c t i o n   p u s h e s   t h e   web  t o g e t h e r  
in  i t s   own  p l a n e ,   w h i l e   t e n d i n g   to  s p l a y   and  c r i n k l e   t h e  

i n d i v i d u a l   f i b e r s ,   t h r e a d s  o r   y a r n s .   In  t h e   c a s e   o f  

n o n w o v e n   webs  in  w h i c h   t he   f i b e r s   or  o t h e r   m a t e r i a l   a r e  

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

m i c r o s c o p i c   u n d u l a t i o n s   in  t he   web  i t s e l f ,   r e f e r r e d   to  a s  

" m i c r o c r e p i n g " .  

B e c a u s e   of  the   r a n g e   of  c o n d i t i o n s - t h a t   c a n   t h u s  

be  t o l e r a t e d   by  t he   c o n s t r u c t i o n   of  F i g .   1,  n o r m a l  

v a r i a t i o n s   in  t h o s e   c o n d i t i o n s   t h a t   may  o c c u r   a c r o s s   a  



wide   w i d t h   of  web  w i l l   n o t   c h a n g e   t h e   l o c a t i o n   of  t h e  

p o i n t   of  t r e a t m e n t .   Once  t he   p o i n t   of  t r e a t m e n t   i s  

e s t a b l i s h e d   a t   a  g i v e n   s t e p   i t   w i l l  a p p e a r   to  be  " l o c k e d "  

to   t h e   s t e p   and  t r e a t m e n t   w i l l   s t a b l y   o c c u r   i n  

e s s e n t i a l l y   a  s t r a i g h t   l i n e   a c r o s s   t he   f u l l   w i d t h   of  t h e  

web  b e i n g   t r e a t e d .  

For   t h e   e x a m p l e   of  F i g .   1  i t   had  b e e n   a s s u m e d  

t h a t   t h e   p a r t i c u l a r   web  16  and  r e l a t i o n s h i p   of  t h e  

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

s t e p   B .  

R e f e r r i n g   to   F i g .   2,  w i t h   a  d i f f e r e n t   web  16 '   o r  

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

c o m p a c t i o n   may  o c c u r   a t   s t e p   C.  T h i s   may  h a p p e n   f o r  

i n s t a n c e   b e c a u s e   web  16 '   is   s t i f f e r   or  more   d e n s e   or  i t s  

o r i g i n a l   t h i c k n e s s   i s   g r e a t e r   or  b e c a u s e   of  t h e   m a n n e r   i n  

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

As  t h e   web  has   p r o c e e d e d   t h r o u g h   d i m e n s i o n s   t  ,   t l  
and  t2  i t   has   e x p a n d e d   i n c r e m e n t a l l y   b u t   s t i l l   e n g a g e s  

t h e   d r i v e n   g r i p p i n g   s u r f a c e   12  w i t h   s u f f i c i e n t   f o r c e   s o  

t h a t   no  s l i p p a g e   has   o c c u r r e d .   At  t h e   t i m e   of  e x p o s u r e  

to  t h e   f u r t h e r   s t e p p e d   e n l a r g e m e n t ,   a t   s t e p   C,  h o w e v e r ,  

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

s a t i s f i e d   and  t h e   web  is   c o m p r e s s e d   a g a i n s t   t h e  

a c c u m u l a t e d   c o l u m n   of  c o m p r e s s e d   web.  Once  e s t a b l i s h e d ,  

t h e   t r e a t m e n t   w i l l  p r o c e e d   w i t h   s t a b i l i t y   a t   s t e p   C,  w i t h  

f r o n t a l   s u r f a c e   11  of  t he   s t e p   r e s i s t i n g   r e a r w a r d  

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

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

and  I I I   can   e s t a b l i s h   a  s t a b l e   t r e a t m e n t   a u t o m a t i c a l l y  

o v e r   a  w i d e   r a n g e   of  c o n d i t i o n s .   In  a  s e n s e   t h e   p r o c e s s  
d e t e r m i n e s   f o r   i t s e l f   t he   s t e p   a t   w h i c h   t r e a t m e n t   w i l l  

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

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

p r o t e c t i o n   to  t h e   o t h e r   in  c a s e   c o n d i t i o n s   c h a n g e   to  t h e  

e x t e n t   to  c a u s e   t he   p o i n t   of  t r e a t m e n t   to  s h i f t .   I f   t h e  

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



s u r f a c e s   i s   d e f i n e d   as  t he   s e t t i n g   in  w h i c h   t r e a t m e n t   m a y  

o c c u r   a t   e i t h e r   c a v i t y   w i t h   e q u a l   l i k e l i h o o d ,   t h e n   i f  

i n s t a b i l i t y   o c c u r s   when  t r e a t i n g   in  e i t h e r   c a v i t y ,   t h e  

d i r e c t i o n   of  m i g r a t i o n   of  p o i n t   O  w i l l   n o r m a l l y   by  t o w a r d  

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

s t e p   of  t he   o t h e r   c a v i t y ,   o n l y   a  s h o r t   d i s t a n c e   away ,   t h e  

t r e a t m e n t   w i l l   r e s t a b i l i z e   f o r   t h e   r e a s o n s   p r e v i o u s l y  

m e n t i o n e d .   Thus   e a c h   c a v i t y   p r o v i d e s   a  u n i q u e   s a f e t y  

f e a t u r e   f o r   t h e   o t h e r   c a v i t y   and  p e r m i t s   much  g r e a t e r  

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

has   p r e v i o u s l y   b e e n   p o s s i b l e .  

R e f e r r i n g   to  F i g .   3,  w i t h   a  much  s o f t e r   web  1 6 "  

or  w i t h   v e r y   d i f f e r e n t   s e t - u p   a d j u s t m e n t s ,   e t c . ,   i t   m a y  
s o m e t i m e s   o c c u r   t h a t   t he   r e q u i r e m e n t s   f o r   l o n g i t u d i n a l  

c o m p r e s s i o n   of  t he   web  a r e   s a t i s f i e d   e a r l i e r   and  t h e  

t r e a t m e n t   o c c u r s   a t   A.  What  has   b e e n   s a i d   a b o u t  

s t a b i l i t y   w i t h   r e s p e c t   to  F i g .   1  a n d   2  w i l l   now  a p p l y  

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

be  r e s i s t e d   by  dam  11.  A f t e r   t h e   web  is  l o n g i t u d i n a l l y  

c o m p r e s s e d   a t   s t e p   A  i t   p r o c e e d s   t h r o u g h   c a v i t y   I  t o  

s t e p s   B  and  t h e n   C.  I t   e n c o u n t e r s   m i n o r   e x p a n s i o n s   t o  

d i m e n s i o n s   t2  and  t 3 ,   bu t   as  in  t h e   e a r l i e r   e x a m p l e s ,  

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

p r o p e r l y   c o n f i n e   t h e   f a c e   of  t he   c o m p r e s s i v e l y   t h i c k e n e d  

web  to  p r e v e n t   g r o s s   f o l d s .   As  t he   web  p o r t i o n s   i n  

c a v i t i e s   I ,   I I   and  I I I   a r e   a l l   in  s u b s t a n t i a l   a x i a l  

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

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

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

t r e a t m e n t   in  t h i s   c a s e ,   as  b e f o r e ,   w i l l   p r o c e e d   w i t h  

s t a b i l i t y .   I f   t he   o p e r a t o r   c h o s e s   to  d e f i n e   t h e   t a r g e t  

s e t t i n g   as  one  w h i c h   c a u s e s   t r e a t m e n t   in  c a v i t y   I I ,   t h e n  

i n s t a b i l i t i e s   of  t he   p o i n t   of  t r e a t m e n t   t h a t   c a u s e  

m i g r a t i o n   of  p o i n t   "0"  in  e i t h e r   d i r e c t i o n   can   b e  

c o u n t e r a c t e d   by  an  a d j a c e n t   c a v i t y .   In  t h i s   way  t h e  

s c o p e   f o r   t o l e r a b l e   o p e r a t o r   e r r o r   or  v a r i a t i o n   i n  

c o n d i t i o n s   can  be  even   more  e x t e n d e d .  



The  v a l u e s   c h o s e n   f o r   At  w i l l   d e p e n d   upon  t h e  

r a n g e   of  d i f f e r e n t   webs  and  c o n d i t i o n s   to  be  a c c o m o d a t e d .  

A  g u i d e   f o r   s e l e c t i o n   can  be  o b t a i n e d   f rom  t h e   d i m e n s i o n s  

of  t h e   p o i n t   in  a  c o n f i n i n g   p a s s a g e   a t   w h i c h   l o n g i t u d i n a l  

c o m p r e s s i v e   a c t i o n   can  be  made  to  o c c u r ,   as  o b s e r v e d   in  a  

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

o c c u r ,   f o r   i n s t a n c e ,   w h e r e   t he   s p a c i n g   of  t h e   c o n f i n i n g  

s u r f a c e   c o r r e s p o n d s   to  t he   t h i c k n e s s   of  t he   o r i g i n a l  

u n c o n f i n e d   web,   t o .   A l s o ,   t h e   d e g r e e   of  s h i f t   i n  

l o c a t i o n   of  t he   p o i n t   of  c o m p r e s s i o n   t h a t   o c c u r s   w i t h   a  

s t a n d a r d   c h a n g e   in  p a s s a g e   d e p t h   e . g .   of  . 0 0 1 "   can   t h e n  

be  o b s e r v e d .   From  t h e s e   o b s e r v a t i o n s   a p p r o p r i a t e   s t e p  

h e i g h t s   can   be  d e t e r m i n e d   f o r   t h e   p a r t i c u l a r   web  w h i c h   i s  

to  be  t r e a t e d .  

I t   has   b e e n   f o u n d   in  t h e   p r a c t i c e   of  t h e   p r e s e n t  
i n v e n t i o n   t h a t   m i n u t e   s t e p   h e i g h t s   At  of  t h e   o r d e r   o f  

a p p r o x i m a t e l y   .003   i n c h   a t   s t e p s   A,  B  a n d   C  a r e  

a p p r o p r i a t e   in  many  i n s t a n c e s   to  s t a b l y   e s t a b l i s h   t h e  

p o i n t   of  t r e a t m e n t .  

In  summary   t he   f e a t u r e s   of  F i g s .   1-3   a l l o w   t h e  

web  m a t e r i a l ,   in  a  s e n s e ,   to  f i n d   f o r   i t s e l f   t h e   m i n u t e  

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

a l l o w   i t   to  s l ow   and  be  t r e a t e d .   As  c h a n g e s   in  t h e  

c o n d i t i o n s   of  t he   p r o c e s s   o c c u r ,   t he   p o i n t   of  i n i t i a l  

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

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

of  i n i t i a l   t r e a t m e n t   may  m i g r a t e   to  t h e   n e x t   s t e p .   I n  

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

p r i o r   g e o m e t r y   to  w h i c h   t h e   web  was  e x p o s e d ,   and  t h e   s a m e  

t r e a t m e n t   may  c o n t i n u e   w i t h   s t a b i l i t y   a t   t h e   new  s t e p .  

I t   i s   f u r t h e r   f o u n d   t h a t   in  s o m e  

p r e s s u r e - s e n s i t i v e   m a t e r i a l s ,   e s p e c i a l l y   t h o s e   t h a t   a r e  

s o f t   and  c a p a b l e   of  b e i n g   r e a d i l y   g r i p p e d   by  t h e   d r i v e n  

s u r f a c e ,   s u c h   as  k n i t   g o o d s   or  a  s o f t   n o n w o v e n   s h e e t ,   a n  

u n u s u a l   m u l t i p l e   s t e p   t r e a t m e n t   can  be  o b t a i n e d .   In  t h i s  

c a s e   t h e r e   is   a  s h a r i n g   of  t he   t o t a l   t r e a t m e n t   a m o n g s t   a  



s e r i e s   of  a d j a c e n t   c a v i t i e s .   R e f e r r i n g   to   F i g .   4,  a s  

s u c h   a  web  makes   t he   f i r s t   t r a n s i t i o n   a t   s t e p   A  f r o m  

d i m e n s i o n   t   to  t l ,   t h e   a m o u n t   of  e x p a n s i o n   a l l o w e d  

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

to  be  a c h i e v e d   in  c a v i t y   I ,   r e p r e s e n t e d   by  O1.  T h e  

d e g r e e   of  t r e a t m e n t   is  s e l f - l i m i t i n g ;   t h e   web  c o m p r e s s e s  
l o n g i t u d i n a l l y   o n l y   to  a  c e r t a i n   e x t e n t   and  t h e   r e s u l t i n g  

t h i c k e n i n g   of  t h e   web  c a u s e s   t h e   w e b .  t o   p r e s s   a g a i n s t  
d r i v e n   s u r f a c e   12  s u f f i c i e n t l y   to  c a u s e   t h e   web  to  b e  

d r i v e n   f o r w a r d ,   a t   s p e e d   S r 1 ,   s l o w e r   t h a n   t h e   s p e e d   S 
of  t he   r o l l   s u r f a c e ,   bu t   f a s t e r   t h a n   t he   f i n a l   s p e e d  

Sr3   of  t h e   c o m p r e s s e d   c o l u m n .   ( S u p p l y   t e n s i o n   T  i s  

o v e r c o m e   by  t h e   a c t i o n   a t   s t e p   A  or  a t   an  e a r l i e r   s t e p   i f  

one  i s   p r o v i d e d . )  

When  t he   p a r t i a l l y   c o m p r e s s e d   m a t e r i a l   r e a c h e s  

s t e p   B  t he   same  p h e n o m e n o n   o c c u r s   a g a i n .   The  w e b ,  a s   i t  

e n t e r s   t he   e x p a n s i o n   to  t2  in  c a v i t y   I I   a g a i n   u n d e r g o e s  

a  l o n g i t u d i n a l   c o m p r e s s i o n a l   c h a n g e ,   r e p r e s e n t e d   by  0 2 ,  
and  r e a c h e s   a  more  c o m p r e s s e d   s t a t e   t h a n   i t   had  in  c a v i t y  

I .   A g a i n ,   in  a  s e l f - l i m i t i n g   way,   t h e   web  s t a b i l i z e s   a t  

a  c e r t a i n   d e g r e e   of  t h i c k e n i n g   and  c o n t i n u e s   f o r w a r d   a t  

s p e e d   S r 2 ,   a  s p e e d   s l o w e r   t h a n   t h a t   in  c a v i t y   I ,   b u t  

f a s t e r   t h a n   f i n a l   s p e e d   S r 3 .   The  web  a r r i v i n g   a t   s t e p  
B  is   t e n s i o n l e s s ,   h e n c e   t he   t r e a t m e n t   a t   t h i s   s t a g e   i s  

i s o l a t e d   f rom  any  d i s t u r b a n c e   t h a t   s u p p l y   t e n s i o n   c a n  

c a u s e .   At  s t e p   C  t h e   web  u n d e r g o e s   s t i l l   a n o t h e r  

l o n g i t u d i n a l   c h a n g e ,   r e p r e s e n t e d   by  03 ,   as  i t   p a s s e s  
i n t o   d i m e n s i o n   t3  and  s l o w s   to  f i n a l   s p e e d   S r 3 .   I n  

t h i s   m a n n e r   t he   web  is   s u b j e c t e d   to  t h r e e   d i f f e r e n t  

t r e a t m e n t s .   The  r e l a t i v e   d e g r e e   of  t r e a t m e n t   a c h i e v e d   a t  

e a c h   c a v i t y   w i l l   d e p e n d   upon  t h e   c o n d i t i o n s   a t   s t a r t   u p ,  
and  w i l l   t e n d   to  r e m a i n   s t a b l e   d u r i n g   t h e   p r o d u c t i o n  

r u n .   N e v e r t h e l e s s ,   in  t he   e v e n t   of  a  s u b s t a n t i a l   c h a n g e  

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

t r e a t m e n t   b e t w e e n   t h e   v a r i o u s   c a v i t i e s   can   o c c u r   w i t h o u t  

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



The  i n c r e m e n t e d   t r e a t m e n t   of  F i g .   4  e x p o s e s   t h e  

web  to  c o m p r e s s i o n a l   a c t i o n   o v e r   an  e x t e n d e d   l e n g t h  

( s t i l l   o n l y   a  f r a c t i o n   of  an  i n c h ) ,   w i t h   v a r y   d e s i r a b l e  

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

t h r o u g h p u t   s p e e d .   In  c a s e s   in  w h i c h   t he   f a b r i c   i s  

n o n - u n i f o r m   as  in  t h e   c a s e   of  s k e w e d   or  u n u s u a l l y   l a r g e  
f i b e r s   or  t h r e a d s   in  c e r t a i n   m a t e r i a l s ,   t h e   s t a g e d  

c o m p r e s s i o n   p r o v i d e s   more   t i m e   f o r   t h e   web  to   a d j u s t  

i t s e l f   and  f o r   i t   to  f i n d   a  p o i n t   w h e r e   t he   t r e a t m e n t   o f  

t h e   n o n - u n i f o r m   p a r t s   can  be  s m o o t h l y   c o m p l e t e d   w h i l e   t h e  

web  is   s t i l l   p r o p e r l y   c o n f i n e d .   In  o t h e r   c a s e s ,   t h e  

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

be  e m p l o y e d   and  t h u s   can  r e d u c e   any  t e n d e n c y   f o r   t h e  

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

F i g u r e   5  shows   m a c h i n e   e l e m e n t s   w h i c h   c a n  
a c h i e v e   t h e   c a v i t i e s   of  F i g u r e s   1  t h r o u g h   4 .  

S u r f a c e   12  of  d r i v e n   r o l l   14  i s   p l a s m a   c o a t e d  

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

r o u g h n e s s   p r e f e r a b l y   in  t he   r a n g e   of  a b o u t   90  to  1 3 0  

m i c r o i n c h e s  A . A .   ( a r i t h m e t i c a l   a v e r a g e ,   as  e s t a b l i s h e d   b y  

a  p r o f i l o m e t e r ) .  

E x t e n d i n g   o v e r   t he   d r i v e n   r o l l   14  f rom  t he   l e f t  

is  a  l o w - f r i c t i o n   s h e e t - f o r m   p r i m a r y   member  18  w h i c h  

d e f i n e s   t h e   s t e p s   A,  B,  and  C  and  t e r m i n a t e s   a t   t i p   1 9 .  

A  s e c o n d   s h e e t   fo rm  member  20,   s e r v i n g   as  a  b a c k i n g  

p l a t e ,   e x t e n d s   f rom  t he   l e f t ,   and  l i e s   f a c e - t o - f a c e   w i t h  

s h e e t   member  18.  When  c e r t a i n   t y p e s   of  r e t a r d i n g   m e a n s  

a r e   e m p l o y e d   as  d e s c r i b e d   b e l o w ,   s e c o n d   s h e e t   member   20  

a l s o   e x t e n d s   b e y o n d  t i p   12.  S t a t i o n a r y   member  18  i s   a  

p l a n a r   s h e e t   of  b l u e   s p r i n g   s t e e l   SAE  1095  h a v i n g   n o m i n a l  

t h i c k n e s s   d o  o f   .010   i n c h ;   s h e e t   member   20  (or  a  n u m b e r  

of  s h e e t s   h e l d   f a c e   to  f a c e )   is   of  t h e   same  s t e e l   and  m a y  
h a v e   an  a g g r e g a t e   t h i c k n e s s   f rom  a b o u t   .010   to  .030   i n c h  

d e p e n d i n g   upon  t h e   d e g r e e   of  p r e s s u r e s   to  be  p r o d u c e d   i n  

t h e   t r e a t m e n t   c a v i t i e s .   S h e e t   member   18  has   t he   s e r i e s  

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



In  a  m e t h o d   of  i t s   c o n s t r u c t i o n   t h e   end  p o r t i o n  

of  member  18  is   f i r s t   g r o u n d   to  r e m o v e   . 007   i n c h  

t h i c k n e s s ,   to  e s t a b l i s h   t h e   t h i c k n e s s   d3  a t   t i p   19  o f  

. 0 0 3   i n c h ,   and  to  p r o v i d e   l a n d   13  of  .050   i n c h  

l e n g t h .   In  t he   n e x t   g r i n d i n g   s t e p ,   t h e   o r i g i n a l  

t h i c k n e s s   i s   r e d u c e d   to  t h i c k n e s s   d2  of  .006   i n c h   t o  

p r o v i d e   l a n d   12  of  l e n g t h   .050   i n c h .   Thus   s t e p   C ,  

b e t w e e n   l a n d s   12  and  13  has   a  h e i g h t   of  . 003   i n c h .  

The  f i n a l   g r i n d i n g   s t e p ,   to  form  l a n d   11  of  l e n g t h  

a l s o   of   .050   i n c h ,   r e d u c e s   t h e   t h i c k n e s s   to   d1  of  . 0 0 9  

i n c h   to  e s t a b l i s h   t h e   s t e p   h e i g h t   of  . 003   i n c h   b e t w e e n  

l a n d s   11  and  12  a t   B.  B e t w e e n   t h e   o r i g i n a l   s u r f a c e  

and  l a n d   11  s t e p   A  has   a  h e i g h t   of  . 0 0 1   i n c h .   (Wi th   a  

. 012   i n c h   n o m i n a l   t h i c k n e s s   member  s t e p   h e i g h t   a t   A 

w o u l d   be  .003   i n c h . )  

As  i n d i c a t e d   in  F i g .   5,  s h e e t   m e m b e r s   18  and  20  

a r e   h e l d   t o g e t h e r   a t   t he   l e f t   on  a  s t a t i o n a r y   s u p p o r t   22  

by  means   s u c h   as  shown  in  F i g .   8.  As  shown  in  F i g .   5 

m e m b e r s   18  and  20  e x t e n d   h o r i z o n t a l l y ,   and  a r e   t a n g e n t  

to  t h e   t o p   of  d r i v e n   r o l l   14  a t   c e n t e r   l i n e   .   A 

p r e s s e r   member  24  ( s e e   a l s o   F i g .   8)  e n g a g e s   t h e   u p p e r  
s u r f a c e   of  s h e e t   member  20  a t   a  p o i n t   w h i c h   l i e s  

d i s t a n c e   X  u p s t r e a m   f rom  t i p   19  of  s h e e t   member  18 ,   a n d  

d i s t a n c e   Y  d o w n s t r e a m   f rom  t he   c e n t e r   l i n e   .   ( In   t h e  

e m b o d i m e n t ,   X  is   .025   i n c h   and  Y  .150   i n c h ) .  

B a c k u p   member  20  d i s t r i b u t e s   t h e   p r e s s u r e   o v e r  

p r i m a r y   member  1 8 .  

Wi th   t h e   p r e s s e r   l o c a t e d   o v e r   f o r w a r d   l a n d  

13,  t h e   s h e e t   m e m b e r s   18,   20  can   d e f l e c t   to  c a u s e  

l a n d s   11,   12  and  l 3 . t o   c o n v e r g e   s l i g h t l y   t o w a r d  

t he   s u r f a c e   of  t he   r o l l ,   as  shown  in  F i g .   6.  T h i s   h e l p s  

in  e s t a b l i s h i n g   the   e d g e s   a t   s t e p s   A,  B  a n d   C  a s  

p r e s s u r e   c o n c e n t r a t i o n   p o i n t s .  

In  F i g .   6  t h e r e   is  a  s l i g h t   a n g l e   o f  

c o n v e r g e n c e   b e t w e e n   the   d r i v e n   g r i p p i n g   s u r f a c e   12  a n d  

e a c h   l a n d   1  of  t h e   s h e e t   member  18.  The  r e s u l t i n g  



i n c r e a s e   in  downward   f o r c e   on  t he   web  16  as  i t  

a p p r o a c h e s   e a c h   s t e p   i s   i n d i c a t e d   by  t h e   i n c r e a s i n g   s i z e  

of  d o w n w a r d   a r r o w s   P  and  t he   c o n c e n t r a t e d   d r i v e   f o r c e s  

a t   t h e   s t e p s   a r e   d e n o t e d   by  h o r i z o n t a l   a r r o w s   F.  T h e  

r e s u l t i n g   s t r e n g t h   of  t he   d r i v e   f o r c e s   can   o v e r c o m e   v e r y  

s t r o n g   t e n s i o n   f o r c e s   T,  as  may  be  a p p l i e d   to   t h e   web  t o  

k e e p   c e r t a i n   webs  s t r a i g h t   and  u n w r i n k l e d   when  e n t e r i n g  

t h e   t r e a t m e n t .  

As  a  r e s u l t   of  p a s s i n g   u n d e r   t he   f o r c e  

c o n c e n t r a t i n g   edge   a t   A  t h e   web  can   t h e n   e m e r g e  
t e n s i o n l e s s .   The  s u b s e q u e n t   d r i v e   f o r c e s   a p p l i e d   a t  

s t e p s   B  or  C  can  t h u s   be  i s o l a t e d   f rom  s u p p l y   t e n s i o n   T 

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

d e s p i t e   any  v a r i a t i o n   in  t e n s i o n   T  t h a t   may  o c c u r   a c r o s s  

t h e   w i d t h   of  t he   w e b .  

The  m u l t i p l e   d r i v e   e d g e s   t h u s   i m p r o v e   b o t h   t h e  

d r i v i n g   and  t he   t r e a t m e n t   of  t h e   web  and  make  t h e  

t r e a t m e n t   immune  to   v a r i a t i o n s   t h a t   h i t h e r t o   h a v e  

d i s r u p t e d   t r e a t m e n t .  

The  m u l t i p l e   s t e p p e d   c o n s t r u c t i o n   has   o t h e r  

a d v a n t a g e s   as  w e l l .   The  c o n c e n t r a t i o n   of  p e r p e n d i c u l a r  

f o r c e s   a t   t h e   s e r i e s   of  s t e p s   can  " i r o n "   t h e   web  t o  

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

d e s p i t e   v a r i a t i o n s   in  t h i c k n e s s   of  t h e   web.   T h e  

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

e f f e c t s   upon   s u c h   webs  as  p a p e r s   and  n o n w o v e n s   b y  

h e l p i n g   to  b r e a k   f i b e r s   b o n d s   and  f r e e   i n d i v i d u a l  

f i b e r s ,   an  a c t i o n   u s e f u l   to  p r e p a r e   t he   web  f o r  

s u b s e q u e n t   t r e a t m e n t .   R e d u c e d   f r i c t i o n   p r o v i d e d   by  t h e  

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

e f f e c t s   on  t he   web  and  h e l p   t h e   web  move  s t r a i g h t  

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

F i g .  7   is   s i m i l a r   to  F i g .   6  e x c e p t   t h a t   a  

s t a t i o n a r y   f r i c t i o n a l   r e t a r d i n g   s u r f a c e   21  i s  

d i a g r a m m a t i c a l l y   shown  b e y o n d   c a v i t y   I I I   and  the   web  i s  

i l l u s t r a t e d   as  a  s o l i d   s t i f f   s h e e t   to  be  s u b j e c t e d   t o  



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

e n l a r g e m e n t s   of  c a v i t i e s   I ,   I I   and  I I I   a r e   a l l  

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

web.  The  web  as  i t   p a s s e s   u n d e r   t he   edge   d e f i n i n g   t h e  

f i n a l   e n l a r g e d   s t e p   D  is   t h r u s t   a g a i n s t   an  a c c u m u l a t e d  

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

c o m p r e s s i o n   is  shown  to  o c c u r   a t   t h i s   p o i n t ,   in  t h e   f o r m  

of  f i n e   m i c r o c r e p i n g   of  t he   s h e e t .   H e r e   t h e   a r r a n g e m e n t  

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

by  e d g e s   at   s t e p s   A,  B,  C  and  D  can   a s s u r e   u n i f o r m  

t r e a t m e n t   of  webs  t h a t   a r e   v e r y   d i f f i c u l t   to  d r i v e ,  

e . g . ,   d e n s e   p a p e r s   in  t he   d r y   s t a t e .  

R e f e r r i n g   to  F i g .   8  and  t he   m a g n i f i e d   v i e w s   o f  

F i g s .   9  and  9a ,   t he   a r r a n g e m e n t   of  F i g s .   5  and  6  i s  

i l l u s t r a t e d   in  d e t a i l   in  c o n j u n c t i o n   w i t h   a  member   t h a t  

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

s e e n   in  F i g s .   9  and  9a  a  p a i r   of   .010  i n c h   t h i c k   b l u e  

s p r i n g   s t e e l   s h e e t   fo rm  m e m b e r s   20  and  22  l i e  

f a c e - t o - f a c e   w i t h   p r i m a r y   member  18  and  e x t e n d   b e y o n d  

i t s   t i p   19  a  d i s t a n c e   E  of  t he   o r d e r   of  one  h a l f   i n c h .  

The  u n d e r   s u r f a c e   of  l o w e r   member  20  t h a t   e x t e n d s   b e y o n d  

t i p   19  is   p l a s m a   c o a t e d   w i t h   t u n g s t e n   c a r b i d e   p a r t i c l e s  

to  p r o v i d e   the   d e s i r e d   f r i c t i o n a l   q u a l i t i e s   ( r o u g h n e s s  

p r e f e r a b l y   in  t he   r a n g e   of  90  to   130  m i c r o i n c h   A . A . ,   t h e  

same  as  g r i p p i n g   s u r f a c e   12  of  s t e e l   r o l l   1 4 ) .   P r i m a r y  

member   18  and  s h e e t s   20  and  22  a r e   h e l d   t o g e t h e r   i n  

h o l d e r   26  g e n e r a l l y   t a n g e n t   w i t h   t h e   top   of  d r i v e   r o l l  

14  and  a r e   a d j u s t a b l e   h o r i z o n t a l l y   as  a  u n i t   ( h o r i z o n t a l  

a r r o w s ) .  

P r e s s e r   member  24,  a  t h i c k   b l u e   s p r i n g   s t e e l  

m e m b e r ,   a l s o   h e l d   by  h o l d e r   26,  has   a  p r e c i s e l y   f o r m e d  

s q u a r e   edge   24'   t h a t   i s   p a r a l l e l   w i t h   t h e   r o l l   a x i s   a n d  

is  p o s i t i o n e d   h o r i z o n t a l l y   b e t w e e n   f i n a l   s t e p   C  and  t i p  

19  of  p r i m a r y   member  18.  D u r i n g   a d j u s t m e n t ,   p r e s s e r  
member  24  moves   h o r i z o n t a l l y   w i t h   t he   s h e e t   m e m b e r s   1 8 ,  

20,  22,  c o m p a r e   F i g s .   9  and  9a .   The  d i m e n s i o n s   of  s h e e t  



member  18  may  be  as  in  F i g .   5  or  as  in   F i g .   9c  s h e e t  

member   18  may  h a v e   an  o r i g i n a l   t h i c k n e s s   d'  of   . 0 1 2   i n c h  

and  t h e   s t e p   h e i g h t s  Δ t 1 ,  Δ t 2   a n d  A t 3   as  w e l l   a s  

t i p   t h i c k n e s s  Δ t t   may  a l l   be  . 003   i n c h ;   in   o t h e r  

e m b o d i m e n t s   t h e   s t e p   h e i g h t s   and  l a n d   l e n g t h s   can   d i f f e r  

f rom  e a c h   o t h e r .  

In   o p e r a t i o n ,   web  16  i s   d r a w n   f r o m   s u p p l y   r o l l  

28,   F i g .   8,  u n d e r   s u p p l y   t e n s i o n   T  c o n t r o l l e d   by  b r a k e d  

n i p   r o l l   30,   t h e   web  i s   l e d   o v e r   g r i p p i n g   s u r f a c e   12  o f  

r o l l   14 ,   and  t h e n c e   to   t a k e   up  r o l l   32  w h i c h   i s   d r i v e n  

by  d r i v e   34  so  t h a t   i t s   s u r f a c e   s p e e d   i s   m a i n t a i n e d   a t   a  

c o n s t a n t   f r a c t i o n   ( e . g .   85  p e r c e n t )   of  t h e   s p e e d   of   r o l l  

s u r f a c e   1 2 .  

P r e s s u r e   of  p r e s s e r   edge   24 '   upon   s h e e t   m e m b e r  

22  and  20  i s   t r a n s m i t t e d   to   p r i m a r y   member   18 ,   c a u s i n g  

t h e   l a n d s   11 ,   12  and  13  to   c o n v e r g e   in  t h e   m a n n e r  

d e s c r i b e d   f o r   F i g s .   6  and  7.  W i t h   t h e   s h e e t   m e m b e r s   a n d  

p r e s s e r   a d j u s t e d   to   t h e   p o s i t i o n   of  F i g .   9,  t h e   s h e e t  

m e m b e r s   a r e   c a u s e d   to   c u r v e   a b o u t   t h e   r o l l   b e y o n d   t h e  

v e r t i c a l   c e n t e r   l i n e   .   T h i s   e s t a b l i s h e s   p a s s a g e   E  i n  

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

edge   24 '   p o s i t i o n s   t h e   f i r s t   p a r t   of  t h e   r e t a r d i n g  

s u r f a c e   21  c l o s e   to   t h e   r o l l   s u r f a c e   l2  w h i l e   d o w n s t r e a m  

p o r t i o n s   d i v e r g e   s l i g h t l y   a s  s h o w n .   The  s e t t i n g   of  F i g .  

9  i s   s u i t a b l e   f o r   a  r a n g e   of   s o f t   and  e a s i l y   r e t a r d e d  

webs  s u c h   as  woven  and  k n i t t e d   t e x t i l e s .  

In  t h e   p o s i t i o n   o f   F i g .   9 a ,   t h e   s h e e t   m e m b e r s  

and  p r e s s e r   h a v e   b e e n   d r a w n   b a c k   t o g e t h e r   to   p o s i t i o n  

t h e   p r e s s e r   member   on  t h e   v e r t i c a l   c e n t e r   l i n e   .  

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

s u r f a c e   to   p r e s s   w i t h   g r e a t e r   f o r c e   a g a i n s t   t h e   w e b ,  

s u i t a b l e   e . g .   f o r   t r e a t m e n t   of  s t i f f   w e b s ,   s u c h   a s  

p a p e r s ,   n o n w o v e n s ,   d e n i m   woven  f a b r i c   and  t h e   l i k e .  

F i g .   9b  shows   in  p l a n   v i e w   t h e   r e l a t i o n   of  t h e   p r e s s e r  

edge   24'   in   a d v a n c e   of  t h e   m i n u t e   s t e p s   A,  B,  and  C  f o r  

a c h i e v i n g   t he   d e s i r e d   c o n v e r g e n c e   of   t h e   l a n d s   1 1 ,  

12  and  1 3 .  



In  F i g s .   9  or  9a ,   a n d  i n   i n t e r m e d i a t e  

p o s i t i o n s ,   t h e   t r e a t m e n t   can  p r o c e e d   as  p r e v i o u s l y  

d e s c r i b e d ,   w i t h   t h e   s t e p s   a l l o w i n g   t h e   web  to  s e e k   i t s  

own  p l a c e   to  c o m p a c t   and  w i t h   t he   i n i t i a l   m i n u t e   s t e p   o r  

s t e p s   s e r v i n g   to  d e f i n e   d r i v e   p r e s s u r e   l i n e s .  

R e f e r r i n g   to  t he   a l t e r n a t i v e   e m b o d i m e n t   o f  

F i g s .   9d  and  9e  in  t h i s   i n s t a n c e   t h e   f i n a l   l i p   of  t h e  

c a v i t y   member  is   s p e c i a l l y   f l u t e d   to  i m p a r t   a  s l i g h t  

l i n e a r   p a t t e r n   much  l i k e   a  p i n s t r i p e   to  t h e   f a b r i c .  

T h i s   can  mask  d e f e c t s   in  t h e   t r e a t e d   f a b r i c   or  p r o v i d e   a  

d e s i r e d   p a t t e r n .   In  t h e   e m b o d i m e n t   shown  t h e   l i p   i s  

k n u r l e d   w i t h   a  22  pe r   i n c h   p i t c h ,   P,  k n u r l i n g   t o o l   w i t h  

t h e   r e s u l t i n g   c o n v e x   s i d e   of  t he   l i p   e n g a g e d   w i t h   t h e  

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

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

t h e   h i g h   p o i n t s   of  t he   l i p .   The  web  as  i t   e m e r g e s   i s  

f o r c e d   i n t o   t he   p e r i o d i c   d e p r e s s i o n s   a t   t h e s e   p o i n t s ,   t o  

p r o v i d e   t he   d e s i r e d   p a t t e r n .   The  e f f e c t i v e   t h i c k n e s s   o f  

t h e   l i p   t '   is   g r e a t e r   t h a n   in  t h e   n o n f l u t e d   c a s e ,   s e e  

F i g .   9 c .  

The  i n v e n t i o n   can   be  e m p l o y e d   w i t h   o t h e r  

r e t a r d i n g   means   of  w h i c h   F i g s .   1 0 - 1 2   a r e   e x a m p l e s .   I n  

F i g .   10  a  r e t a r d e r   b l a d e   40  is   p o s i t i o n e d   to  d i v e r t   t h e  

web  away  f rom  r o l l   s u r f a c e   12.  A  s h e e t - f o r m   member   42  

l y i n g   o v e r   p r i m a r y   member  18  has   an  e x t e n s i o n   42a  w h i c h  

b e n d s   to  f o l l o w   t he   s u r f a c e   of  b l a d e   40,   to   f o r m  

t h e r e w i t h   a  r e t a r d i n g   p a s s a g e .   In  known  m a n n e r ,   ( s e e  

our   U . S .   P a t e n t   3 , 2 6 0 , 7 7 8 )   r e s i l i e n t   n i p p i n g   a c t i o n   i n  

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

web  to  e x t e n d   back   to  and  p a s t   t he   t i p   19  of  t h e   p r i m a r y  

member   18,   to  a p p l y   r e t a r d i n g   f o r c e s   R .  

S h e e t   member  42  may  be  b l u e   s p r i n g   s t e e l   o f  

.010   or  .020   i n c h   t h i c k n e s s .   A  n o t c h   44  i s   p r o v i d e d   i n  

i t s   u p p e r   s u r f a c e   s l i g h t l y   b e y o n d   t i p   19  of  p r i m a r y  

member  18.  T h i s   n o t c h   p r o v i d e s   a  h i n g e   p o i n t   w h i c h  

a l l o w s   t he   d o w n s t r e a m   p a r t   of  member   42  to  f r e e l y   b e n d  



to  t h e   c o n t o u r   of  b l a d e   40,   to  p r e s e n t   a  s m o o t h   s t a b l e  

s u r f a c e   to  t he   web,   w h i l e   a l l o w i n g   t he   u p s t r e a m   p a r t   o f  

member   42  to  have   s u f f i c i e n t   s t r e n g t h   and  u n i f o r m i t y   t o  

p r o v i d e   t h e   n e e d e d   b a c k i n g   to  t he   p r i m a r y   member  1 8 .  

In  t h e   v e r s i o n   of  F i g .   1 0 a ,   t h e   t i p   of  t h e  

r e t a r d e r   b l a d e   i s   i n s e r t e d   u n d e r   t h e   l a s t   l a n d   13  o f  

t h e   p r i m a r y   m e m b e r .   In  t h i s   m a n n e r   t h e   l a s t   p o r t i o n   o f  

t h e   p r i m a r y   member  i t s e l f   makes   t h e   a n g u l a r   t r a n s i t i o n  

and  s e r v e s   as  t h e   f l e x i b l e   r e t a r d e r   in  o p p o s i t i o n   to   t h e  

r e t a r d e r   b l a d e   40.  The  a d v a n t a g e   i s   t h a t   t h e   w e b  

m a t e r i a l   may  be  more   t i g h t l y   c o n f i n e d   t h a n   in  F i g .   10  t o  

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

In  F i g .   11  a  d r i v e n   r o l l   14 '   h a v i n g  

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

l e n g t h   is   shown  in  c o n j u n c t i o n   w i t h   a  comb  r e t a r d e r   4 2 .  

The  t e e t h   of  t he   comb  a r e   i n s e r t e d   in  t h e  g r o o v e s  a n d  

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

s i m i l a r   to  t h a t   of  F i g .   10.  D e s p i t e   t he   p r e s e n c e   of  t h e  

g r o o v e s   in  t he   r o l l ,   t he   m i n u t e   s t e p s   of  t h e   p r i m a r y  

member   18  s e r v e   t h e i r   f u n c t i o n s   as  d e s c r i b e d   a b o v e .   I n  

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

a p p l i e d   to  t he   w e b .  

In  F i g .   12  a  r e t a r d i n g   r o l l   15  i s   m o u n t e d   i n  

p a r a l l e l   o v e r   d r i v e   r o l l   14.   As  i n d i c a t e d   by  t h e  

a r r o w s ,   s u r f a c e   s p e e d   Sl   of  r e t a r d e r   r o l l   15  i s   s l o w e r  

t h a n   s p e e d   S  of  d r i v e  r o l l   14.   R e t a r d e r   r o l l   15  h a s   a  

web  g r i p p i n g   s u r f a c e   w h i c h   e n g a g e s   t h e   web  as  i t   e m e r g e s  
f rom  u n d e r   p r i m a r y   member  18.   The  s l o w i n g   a c t i o n   o f  

r e t a r d e r   r o l l   15  on  t h e   web  c a u s e s   t h e   r e t a r d i n g   f o r c e s  

R  to  be  p r e s e n t e d   a t   t h e   t i p   19  of  t he   p r i m a r y   m e m b e r .  

F i g s .   13  and  13a  i l l u s t r a t e   t he   p o s s i b i l i t y   o f  

use   of  a  r e l a t i v e l y   b r o a d   p r e s s e r   s u r f a c e   24'   w h i c h  

s p r e a d s   t h e  p r e s s i n g   f o r c e .   The  c o r n e r s   A,  B,  C  s t i l l  

a c t   to  c o n c e n t r a t e   t h e   d r i v e   f o r c e s   in  d e f i n i t e   l i n e s .  

T h i s   s t r u c t u r e   a l s o   e n a b l e s   a  s u b s t a n t i a l   i n c r e a s e   i n  

b u l k   of  t he   f i n a l   t r e a t e d   f a b r i c   w h i l e   r e t a i n i n g   t h e  

f i n e n e s s   of  t r e a t m e n t .  



A l s o   in   F i g s .   13  and  13a  t h e   c o n t r o l   f o r   t h e  

r e t a r d i n g   f o r c e s   is   d e c o u p l e d   f rom  t h e   p r e s s e r   24  in   a  

s y s t e m   t h e   same  as  in  F i g s .   8  and  9,  w i t h   t he   f o l l o w i n g  

e x c e p t i o n s .   S h e e t   member  20a  ( . 0 1 0   i n c h   t h i c k   b l u e  

s p r i n g   s t e e l ) ,   w h i c h   a c t s   as  a  b a c k i n g   p l a t e   f o r   t h e  

p r i m a r y   member  18  and  has   a  d o w n s t r e a m   s e c t i o n   20b  t h a t  

p r o v i d e s   t h e   r e t a r d e r   s u r f a c e   21,   a l s o   has   a  d e c o u p l i n g  

h i n g e - f o r m i n g   n o t c h   23  in  i t s   u p p e r   s u r f a c e   ( n o t c h   . 0 0 5  

i n c h   d e e p ,   . 035   i n c h   w i d e ) .   The  n o t c h   i s   s l i g h t l y  

d o w n s t r e a m   of  b o t h   p r e s s e r   24  ( d i m e n s i o n   H,  0 .3   i n c h )  

and  t i p   19  of  p r i m a r y   member  18  w h i l e   i t   i s   u p s t r e a m   o f  

r e t a r d e r   s e c t i o n   20b.   A  d e v i c e   44  w h i c h   i n c l u d e s   an  a i r -  

e x p a n s i b l e   e n v e l o p e   42  p r o v i d e s   t h e   p r e s s u r e   c o n t r o l  

w i t h   w h i c h   t he   r e t a r d i n g   s u r f a c e   21  is   p r e s s e d   a g a i n s t  

t he   web.  T h i s   d e v i c e   i n c l u d e s   a  s t i f f   s h e e t   fo rm  m e m b e r  

40  ( . 0 2 0   i n c h   t h i c k ,   b l u e   s p r i n g   s t e e l )   h e l d   by  h o l d e r  

(26 ,   F i g .   5)  f a c e   to  f a c e   w i t h   s h e e t   member   20.  In  t h e  

r e g i o n   of  p r i m a r y   member  18,   member  40  s e r v e s   as  a  

r e i n f o r c e m e n t   to  t r a n s m i t   d o w n w a r d   p r e s s u r e   f rom  p r e s s e r  

24.  The  e x t e n s i o n   40a  b e y o n d   p r e s s e r   24  ( d i m e n s i o n   E ,  

2  1 /2   i n c h e s ,   same  f o r   20b)  s e r v e s   as  a  r e a c t i o n   m e m b e r  

t o   d i r e c t   t he   e f f e c t   of  a i r   e x p a n s i b l e   e n v e l o p e   42  

d o w n w a r d   a g a i n s t   r e t a r d e r   20b .   The  e n v e l o p e   42  i s  

f o r m e d   of  a  f l e x i b l e ,   i m p e r m e a b l e   s u b s t a n t i a l l y  

i n e x t e n s i b l e   s h e e t ,   ( p o l y e s t e r   f i l m   . 003   i n c h   t h i c k ) .  

The  t o p   of  t he   s h e e t ,   42a ,   e x t e n d s   a l o n g   t h e  

u n d e r s u r f a c e   of  member  40.  At  t he   f r e e   end  of  m e m b e r  

40,   a t   t he   r i g h t ,   t h e  s h e e t   e x t e n d s   down  and  t he   b o t t o m  

p a r t   of  t h e   s h e e t   e x t e n d s   back   a l o n g   t h e   u p p e r   s u r f a c e  

of  r e t a r d e r   m e m b e r . 2 0 b .   P a r t s   42a  and  42b  a r e   c a p t u r e d  

and  s e a l e d   at   t he   l e f t   b e t w e e n   m e m b e r s   20a  and  40.  T h e  

e n v e l o p e   e x t e n d s   p a r a l l e l   to  t he   a x i s   of  r o l l   14  

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

e n d s   t h a t   a r e   s u i t a b l y   s e a l e d .   An  a i r   s u p p l y   n i p p l e   46 

c o n n e c t e d   to  t h e   e n v e l o p e   t h r o u g h   p l a t e   40a  is  c o n n e c t e d  

to  v a r i a b l e   a i r   p r e s s u r e   c o n t r o l   4 7 .  



In  o p e r a t i o n ,   t he   a s s e m b l y   i s   b r o u g h t   i n t o  

p o s i t i o n   o v e r   t he   r o l l ,   and  w i t h   no  a i r   p r e s s u r e   i n  

e n v e l o p e   44  t h e   p r e s s e r   member   24  i s   c a u s e d   to  a p p l y   i t s  

d o w n w a r d   f o r c e .   W i t h   r o l l   14  t u r n i n g   and  w i t h   l i t t l e   o r  

no  r e t a r d i n g   f o r c e   b e i n g   a p p l i e d   a t   r e t a r d i n g   s u r f a c e  

21,   t h e   c o n d i t i o n   of  f e e d   can   be  i n s p e c t e d   to   e n s u r e  
t h a t   p r i m a r y   member   18  i s   f e e d i n g   p r o p e r l y .   T h e  

o p e r a t o r   can   t h e n   g r a d u a l l y   a p p l y   a i r   p r e s s u r e   to   t h e  

e x p a n s i b l e   e n v e l o p e   44  to  p r e s s   r e t a r d i n g   s u r f a c e   2 1  

i n t o   e n g a g e m e n t   w i t h   t he   t r a v e l i n g   web  u n t i l   s u i t a b l e  

c o m p r e s s i o n a l   t r e a t m e n t   is   o b t a i n e d .  

Any  n o n - u n i f o r m i t i e s   in  t he   e x p a n s i v e   a c t i o n   o f  

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

t h e   e n v e l o p e   to  become   r o u n d   when  e x p a n d e d ,   a r e   m e d i a t e d  

by  t h e   i n t e r v e n i n g   c a n t i l e v e r   s p r i n g   s h e e t   member  2 0 b .  

T h i s   member  b e n d s   down  g r a d u a l l y   in  a  c u r v a t u r e  

a p p r o x i m a t i n g   t h e   c u r v a t u r e   of  t he   r o l l ,   to  p r o v i d e   t h e  

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

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

p o s s i b l e   to  p l a c e   t h e   p r e s s e r   24  in  t h e   o p t i m u m   p o s i t i o n  

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

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

t h e   r e t a r d i n g   f o r c e s   can  be  i n d e p e n d e n t l y   v a r i e d ,  
w i t h o u t   d a n g e r   of  c h o k i n g   t he   f l o w   b e c a u s e   of  u n d u e  

d o w n w a r d   d e f l e c t i o n   of  t h e   t i p   19  of  t h e   p r i m a r y   m e m b e r  

1 8 .  

R e f e r r i n g   to  t he   h i g h l y   m a g n i f i e d   p h o t o g r a p h i c  
v i e w   of  F i g .   14  and  t h e   l e s s   m a g n i f i e d   F i g .   15,   d u r i n g  
t h e   t r e a t m e n t   of  a  t y p i c a l   p o l y e s t e r   wa rp   k n i t   f a b r i c  

u s i n g   t h e   s y s t e m   o f  F i g s .   8  and  9  t he   t r e a t m e n t   w a s  

s t o p p e d ,   t he   t r e a t m e n t   s u r f a c e s   were   a l l o w e d   to  c o o l  

w i t h   t he   web  in  p l a c e ,   and  t he   web  was  t h e n  

p h o t o g r a p h e d .   The  i m p r e s s i o n s   of  t he   m i n u t e   s t e p s   A,  B ,  

C,  D  can  be  s e e n   in  t h i s   p h o t o g r a p h ,   and  a r e   d e n o t e d   b y  

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

c o r r e s p o n d s  t o   t he   d e s c r i p t i o n   of  F i g .   4.  P r i o r   to  s t e p  



A,  t h e   u n t r e a t e d   web  U  is  l o n g i t u d i n a l l y   u n c o m p r e s s e d .  

I t   was  e x p o s e d   to  s l i g h t   s u p p l y   t e n s i o n .   F o l l o w i n g   t h e  

i m p r e s s i o n   l e f t   by  s t e p   A  t h e   web  r e m a i n s   e s s e n t i a l l y  

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

i n d i c a t i n g   t h a t   t h e   t e n s i o n   on  t h e   web  has   b e e n   r e l e a s e d  

and  t h a t   t h e   web  is   r e l a x e d .   At  s t e p   B  a  h i g h   d e g r e e   o f  

l o n g i t u d i n a l   c o m p r e s s i o n   can  be  s e e n   to  h a v e   o c c u r r e d ,  

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

has   b e e n   a d d e d .   B e y o n d   the   t i p   D  of  t h e   p r i m a r y   m e m b e r  

t h e   web  a p p e a r s   to  have   the   same  d e g r e e   of  l o n g i t u d i n a l  

c o m p r e s s i o n   as  i t   d id   p r i o r   to  r e a c h i n g   t h e   t i p .  

R e f e r r i n g   to  F i g .   16,   a  s i m i l a r   p o l y e s t e r   w e b  

was  t r e a t e d   w i t h   a  p r i m a r y   member  h a v i n g   8  m i n u t e  

s t e p s .   The  i m p r i n t   of  a  number   of  t h e s e   s t e p s   is  s e e n  

in  t he   v i e w   of  F i g .   16.  Most   of  t he   l o n g i t u d i n a l  

c o m p r e s s i o n   can  be  s e e n   to  have   o c c u r r e d   in  two  a d j a c e n t  

c a v i t i e s   f o l l o w i n g   the   i m p r i n t   in  t he   u n t r e a t e d   web  of  a  

number   of  t he   p r i o r   s t e p s .  

F i g .   17  is   a  p h o t o g r a p h i c   v i ew   m a g n i f i e d   to  t h e  

same  s c a l e   of  F i g s .   15  and  16  of  a  n o n w o v e n   web,   k n o w n  

as  " s p u n   b o u n d e d " .  ( I n   m a n u f a c t u r e   of  t h i s   w e b ,  

t h e r m o p l a s t i c   m o n o f i l a m e n t s   l a y e d   r a n d o m l y   in  a  mat  a r e  

t h e n   c a l e n d a r e d   u n d e r   h e a v y   p r e s s u r e   and  h e a t   to  b o n d  

t h e   c r o s s i n g   f i b e r s   t o g e t h e r   w i t h o u t   use   of  an  a d h e s i v e  

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

a c c o r d i n g   to  t he   i n v e n t i o n ,   w i t h   t he   r e s u l t s   b e i n g  

s i m i l a r   to  a  c o m b i n a t i o n   of  t he   r e s u l t s   d e s c r i b e d   f o r  

F i g s .   4  and  7.  D u r i n g   p a s s a g e   of  t h e   web  f rom  m i n u t e  

s t e p   A  to  t he   t i p   D,  the   f i b e r s   were   g a t h e r e d  

l o n g i t u d i n a l l y   and  r e o r i e n t e d .   F o l l o w i n g   t i p   D  a  m i n u t e  

m i c r o c r e p e   t e x t u r e   was  a d d e d .   The  u n t r e a t e d   web  h a d  

b e e n   s t i f f   and  h a r s h .   The  t r e a t e d   web  was  o b s e r v e d   t o  

be  p l i a b l e ,   c o n f o r m a b l e   ( i m p o r t a n t   f o r   i t s   use   i n  

u p h o l s t e r e d   f u r n i t u r e )   and ,   u n l i k e   t he   u n t r e a t e d   web,   i t  

made  no  n o i s e   when  f l e x e d .  



In  F i g .   18  t h e r e   is   a  v i e w   s i m i l a r   to  F i g s .  

1 5 - 1 7   of  a  n o n w o v e n   web  (a  t a b l e c l o t h   m a t e r i a l )   f o r m e d  

by  wet  l a y i n g   of  c e l l u l o s e   f i b e r s   on  a  p a p e r   m a k i n g  

m a c h i n e ,   u s i n g   a  s y n t h e t i c   r e s i n   b i n d e r .   In  t h i s   c a s e  

t h e   e f f e c t   of  t h e   s t e p s   of  t h e   p r i m a r y   m e m b e r  h a s   b e e n  

to  a p p l y   m u l t i p l e   d i s c r e t e   l i n e s   of  f e e d   p r e s s u r e .   A t  

s t e p   D,  t h e   end  of  p r i m a r y   member   18,   an  e x t r e m e l y   f i n e  

m i c r o c r e p e   e f f e c t   was  f o r m e d   as  can   be  p e r c e i v e d   in  t h i s  

m a g n i f i e d   v i e w .   The  d i f f e r e n c e   in  t h e   two  l e t t e r s   "X"  

w h i c h   a p p e a r   in  t he   p h o t o   a r e   a  m e a s u r e   of  t h e   d e g r e e   o f  

l e n g t h w i s e   c o m p r e s s i o n .  

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

w ide   w i d t h   of  web,   a n o t h e r   c a p a b i l i t y   of  t h e   i n v e n t i o n  

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

s t r i p e s .   R e f e r r i n g   to   F i g s .   19 ,   20  and  20a  s t r i p e s   o f  

c o m p r e s s e d   f a b r i c   a r e   shown  a t   50  w h i l e   u n c o m p r e s s e d  

p o r t i o n s   l y i n g   b e t w e e n   t he   s t r i p e s   a r e   c o n t r o l l a b l y  

g a t h e r e d   in  b u b b l e s   52  to  p r o d u c e   an  o v e r a l l   p l i s s e  

e f f e c t .   For   t h e   s t r i p e d   c o m p r e s s e d   p o r t i o n s ,   t h e  

t r e a t m e n t   s u r f a c e s   a r e   as  shown  in  F i g .   20.  The  p r i m a r y  

member  18  c o r r e s p o n d s   to  F i g .   5.  An  i n e x t e n s i b l e ,  

s t a t i o n a r y   r e t a r d i n g   s h e e t   member  20'   d e f i n e s   t h e  

r e t a r d i n g   s u r f a c e   21  in  a c c o r d a n c e   w i t h   F i g .   9,  b u t   i t  

i s   in  t he   fo rm  of  s p a c e d   f i n g e r s   54  t h a t   h a v e   w i d t h   o f  

t h e   d e s i r e d   s t r i p e s   of  c o m p r e s s i o n ,   s ee   F i g .   19.   T h e  

r e t a r d i n g   s u r f a c e   21  p r o d u c e s   r e t a r d i n g   f o r c e s   a t   t h e  

end  of  t h e   p r i m a r y   member  18  w h i l e   l o n g i t u d i n a l ,  

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

O,  a t   s t e p   B.  In  t h e   c a s e   of   t r e a t i n g   a  t i g h t l y   w o v e n  

c o t t o n   f a b r i c   w h i c h . i s   l o a d e d   w i t h   i n k s   and  s y n t h e t i c  

r e s i n s ,   t h e   f r i c t i o n   s u r f a c e   21  is   c h o s e n   to  be  q u i t e  

a g g r e s s i v e   in  o r d e r   to  s u f f i c i e n t l y   e n g a g e   t h e   w e b .  

Emery   c l o t h   can  be  u s e d   as  t h e   r e t a r d e r   s u r f a c e   in  t h i s  

c a s e .  



For   f o r m i n g   t he   a r e a s   of  u n c o m p r e s s e d   b u b b l e s ,  

t h e   r e t a r d i n g   s h e e t   member  20'   has   c u t o u t s   a t   56,  F i g s .  

19  and  20a  w h i c h   e x t e n d   f rom  t he   f o r w a r d   e d g e ,   b a c k  

u n d e r   p r e s s e r   member  24.  T h i s   s h e e t   member   20'   has   a  

t h i c k n e s s   d2  c o r r e s p o n d i n g   to  t he   h e i g h t   of  t h e  

d e s i r e d   b u b b l e s .   S h e e t   member  22,  l y i n g   o v e r   r e t a r d i n g  

member  20'   is   c o n t i n u o u s   a c r o s s   t he   f u l l   w i d t h   of  t h e  

m a c h i n e .   Where   i t   o v e r l i e s   t h e   c u t o u t s   56,  t h e   s h e e t  

m e m b e r - 2 2   d e f i n e s   w i t h   g r i p p i n g   s u r f a c e   12  of  t h e   r o l l ,  

b u b b l e   g a t h e r i n g   c h a m b e r s ,   and  member  22  s e r v e s   to  l i m i t  

t he   h e i g h t  o f  t h e   b u b b l e s   t h a t   a r e   f o r m e d .   T o  

s u m m a r i z e ,   t he   o p e r a t i o n ,   as  t h e   web  is   l o n g i t u d i n a l l y  

c o m p r e s s e d   a t   p o i n t   O  in  l i n e   w i t h   t h e   r e t a r d i n g  

f i n g e r s ,   F i g s .   19 ,   20,  t h e   a d j a c e n t   web  is   c a u s e d   t o  

g a t h e r   in  t he   d e s i r e d   b u b b l e s   in  t h e   g a t h e r i n g   c h a m b e r s  

as  shown  in  F i g s .   19  and  2 0 a .  

B e c a u s e   of   t he   h i g h   d e g r e e   of  l o n g i t u d i n a l  

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

h e a t   s e t t i n g ,   t he   f i n a l   f a b r i c   r e t a i n s   t h e   p a t t e r n  

s h o w n .   Ft  w i l l   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   d u r i n g   t h e  

t r e a t m e n t   a  much  g r e a t e r   d e g r e e   of  l o n g i t u d i n a l  

c o m p r e s s i o n   can  be  a p p l i e d   to  t h e   web  t h a n   may  b e  

a l l o w e d   to  r e m a i n   a f t e r   t he   web  is   w i t h d r a w n   f rom  t h e  

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

An  i m p o r t a n t   p r o d u c t   f o r m e d   by  t h e   t e c h n i q u e  

i l l u s t r a t e d   in  F i g s .   19  and  19a  is   an  i n e x p e n s i v e   k n i t  

f a b r i c .   B y  v i r t u e   of  t he   l i m i t e d   a m o u n t   of  s p r i n g - l i k e  

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

c o m p a c t i o n   i n  s p a c e d   a p a r t - s t r i p e s ,   s ee   F i g .   1 9 a ,   t h e  

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

p e r m i t s   w e a r e r   c o m f o r t .   I n  t h e   c a s e   of  c h i l d ' s   c l o t h e s ,  

t h e   c l o t h e s   c a n  . e x p a n d   to  f i t   as  t h e   c h i l d   g r o w s   w i t h o u t  

e v e r   e x e r t i n g  u n d u e   or  u n c o m f o r t a b l e   t i g h t n e s s   to  t h e  

c h i l d   and  w i t h o u t   b e i n g   l o o s e .   A  s p e c i f i c   e x a m p l e   i s   a  
t u b u l a r   k n i t ,   100  p e r c e n t   p o l y e s t e r   f a b r i c ,   h a v i n g  

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



is  s l i t   and  p r o c e s s e d   in  t h e   open   w i d t h .   I t   has   a n  

u n t r e a t e d   w e i g h t   of  6 .3   s q u a r e   y a r d s   p e r   p o u n d   and  a  

c o m p a c t e d   w e i g h t   of  4 .6   s q u a r e   y a r d s   pe r   p o u n d .   T h e  

f a b r i c   has   22  c o u r s e s   pe r   i n c h   b e f o r e   c o m p a c t i n g   a n d  

a v e r a g e s   27  c o u r s e s   pe r   i n c h   a f t e r   c o m p a c t i n g .   H e a t  

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

b e l o w   e n s u r e s   t h a t   c l o t h i n g   made  f rom  s u c h   c l o t h   i s  

h i g h l y   s t a b l e   and  r e t a i n s   i t s   s h a p e   a f t e r   a  number   o f  

w a s h i n g s .  

USE  OF  COMPRESSIONAL  TREATMENT 

TEMPERATURE  R I S E  

Webs  u s u a l l y   a r e   t r e a t e d   to   r e n d e r   them  h i g h l y  

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

t r e a t m e n t .   I t   is   f o u n d   i f   t h e   t r e a t m e n t   i s   l i m i t e d   t o  

r e t a i n   a  d e g r e e   of  t o u g h n e s s   in  t h e   s u b s t a n c e   of  t h e  

web,   t he   c o m p r e s s i v e   t r e a t m e n t   can   be  e m p l o y e d   t o  

g e n e r a t e   h e a t   t h r o u g h   d i s s i p a t i o n   of  work  e n e r g y   to  m e e t  

a  t e m p e r a t u r e   demand  of  t h e   web  t r e a t i n g   p r o c e s s .   F o r  

i n s t a n c e   p r e w a r m i n g   of  a  p l a s t i c   web  can  be  l i m i t e d   t o  

r e t a i n   t h e   d e s i r e d   t o u g h n e s s   or  t h e   m o i s t e n i n g   of  p a p e r  

can   be  r e g u l a t e d   f o r   t h i s   p u r p o s e .  
The  t e r m   "work"   as  h e r e   u s e d   r e f e r s   to  t h e  

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

The  r e l a t i o n s h i p   of  t he   p l a s t i c   c o n d i t i o n   o f  

t h e   web  to  t h e   d e g r e e   of  m e c h a n i c a l   h e a t   g e n e r a t e d   c a n  

be  s u g g e s t e d   as  f o l l o w s .   Assume   t h r e e   p r o g r e s s i v e l y  

i n c r e a s i n g   l e v e l s   of  p l a s t i c i t y   P11 ,   P12  and  P 1 3 .  
Such   l e v e l s   can   be  a s s u m e d   f o r   i n s t a n c e   in  a  

t h e r m o p l a s t i c   t e x t i l e   web  t h a t   has   b e e n   h e a t e d  

r e s p e c t i v e l y :  

- - t o   a  low  t e m p e r a t u r e   a t   w h i c h   t h e r e   is   l i t t l e  

p h y s i c a l   c h a n g e   f rom  a m b i e n t   c o n d i t i o n s ,   so  t h a t   t h e  

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

p l a s t i c i t y ,   P 1 1 ) ;  



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

w i l l   s t r u c t u r a l l y   y i e l d   u n d e r   t he   c o n d i t i o n s   o f  

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

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

r e q u i r e s   c o n s i d e r a b l e   work  to  be  p e r f o r m e d   to  d e f o r m   t h e  

f i b e r s   ( m o d e r a t e   p l a s t i c i t y ,   P 1 2 ) ;  
- - t o   a  h i g h   t e m p e r a t u r e   a p p r o a c h i n g   i t s  

s o f t e n i n g   p o i n t   w h e r e   t he   f i b e r s   a r e   h i g h l y   p l a s t i c   a n d  

r e q u i r e   l i t t l e   work  f o r   p e r m a n e n t   d e f o r m a t i o n   ( h i g h  

p l a s t i c i t y ,   P 1 3 ) ;  
In  t h e   c a s e   of  k r a f t   p a p e r   s u c h   c o n d i t i o n s   o f  

p l a s t i c i t y   c o u l d   c o r r e s p o n d   to  a  p a p e r   web  t h a t   has   b e e n  

m o i s t e n e d   r e s p e c t i v e l y :  

- - t o   a  low  m o i s t u r e   l e v e l ,   f o r   i n s t a n c e   t h e  

a m b i e n t   m o i s t u r e   l e v e l   of  5%  by  w e i g h t   ( c o m p a r e d   to  t h e  

d r y   w e i g h t   of  p a p e r ) ,   in  w h i c h   t h e   p a p e r   i s   s t i f f   o r  
e l a s t i c   and  is   s u b j e c t   to  s u d d e n   c o l u m n a r   c o l l a p s e   w i t h  

b r e a k a g e   of  f i b e r s   ( P l l ) ;  
- - p a r t i a l l y   m o i s t e n e d ,   e . g .   to  20%  by  w e i g h t ,  

to  a  l e v e l   in  w h i c h   t h e   web  is  s u b j e c t   to  p e r m a n e n t  
d e f o r m a t i o n   bu t   r e t a i n s   s t r u c t u r a l   t o u g h n e s s   ( P 1 2 ) ;  

- - t o   a  h i g h   l e v e l ,   e . g .   50%  by  w e i g h t ,   so  t h a t  

i t   i s   l i m p   and  r e a d i l y   d e f o r m a b l e   ( P 1 3 ) .  
T h e s e   l e v e l s   of  p l a s t i c i t y   d e t e r m i n e   t h e   a m o u n t  

of  h e a t   t h a t   can   be  m e c h a n i c a l l y   p r o d u c e d   d u r i n g   t h e  

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

At  c o n d i t i o n   of  p l a s t i c i t y   P13  in  w h i c h   t h e  

web  is   s o f t - ,   t h e  m e c h a n i c a l   t r e a t m e n t   may  i m p a r t   l i t t l e  

work  and  t h e r e   w i l l   be  an  i n s i g n i f i c a n t   h e a t   r i s e  

a t t r i b u t a b l e   to   work   in  t he   web.  For   t he   web  w h i c h   h a s  

low  p l a s t i c i t y   P11 ,   work  t h a t   is   e x p e n d e d   may  g o  
m a i n l y   i n t o   e l a s t i c   d e f o r m a t i o n   of  t h e   web  w h i c h   d o e s  

n o t   d i s s i p a t e   h e a t ,   or  a l t e r n a t i v e l y   t he   web  m a y  
s u d d e n l y   b u c k l e   u n d e r   c o m p r e s s i o n a l   f o r c e s ,   and  a g a i n  
t h e r e   may  be  i n s i g n i f i c a n t   c o n v e r s i o n   of  work  i n t o   h e a t  

e n e r g y .   H o w e v e r ,   in  an  i n t e r m e d i a t e   c a s e ,   P12 ,   t h e  



f i b e r s   or  o t h e r   s u b s t a n c e   o f  t h e   web  a r e   c a p a b l e   o f  

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

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

d e g r e e   of  i n t e r n a l   r e s i s t a n c e   t h a t   r e q u i r e s   " w o r k "   o n  

t h e   web  to  be  d i s s i p a t e d .   D u r i n g   t h e   e x p e n d i t u r e   a n d  

d i s s i p a t i o n   of  such   w o r k ,   t h e   i n t e r i o r   s u b s t a n c e   of  t h e  

web  (or  a t   l e a s t   t h e   c o m p o n e n t   f i b e r s   a t   t h e   p o i n t s   i n  

w h i c h   t h e   m i c r o c r e p i n g   a c t i o n   i s   c o n c e n t r a t e d )   can   b e  

c o r r e s p o n d i n g l y   h e a t e d   s i g n i f i c a n t l y   due  to  i n t e r n a l  

f r i c t i o n .   T h i s   f r i c t i o n   may  o c c u r   b e c a u s e   of  m o v e m e n t  

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

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

t r e a t m e n t   as  w e l l   as  b e c a u s e   of  i n t e r n a l   f r i c t i o n   w i t h i n  

the   body   of  t he   t i n y   f i b e r s   t h e m s e l v e s .   We  h a v e  

d i s c o v e r e d   t h a t   t he   a m o u n t   of  s u c h   h e a t   can   be  d e p e n d e d  

upon  to   mee t   a  p r o c e s s   demand  l e v e l   of  h e a t i n g .  

The  number   of  f a c t o r s   a f f e c t i n g   t h e   d e s i r e d  

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

t e m p e r a t u r e   l e v e l   v a r y   f rom  m a t e r i a l   to  m a t e r i a l .  

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

known,   as  f rom  t a b l e s   of  p r o p e r t i e s   f o r   t h e r m o p l a s t i c s ,  

and  can   be  d e t e r m i n e d ,   e . g . ,   by  s u b j e c t i n g   a  s e l e c t e d  

web  to  t e s t   u s i n g   a  s t a n d a r d i z e d   l a b o r a t o r y   m i c r o c r e p e r  

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

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

l e v e l ,   and  o t h e r   p a r a m e t e r s   of  t h e   p r o c e s s .  
For   k r a f t   p a p e r ,   f o r   i n s t a n c e   one  can   d e t e r m i n e  

m o i s t u r e   to  be  t he   p r i n c i p a l   f a c t o r   a f f e c t i n g   p l a s t i c i t y  

(and  t e m p e r a t u r e   a  s e c o n d a r y   f a c t o r )   and  t h e   a m o u n t   o f  

m o i s t u r e   (and  t h e   t e m p e r a t u r e   i f   d e s i r e d )   of  t he   p a p e r  

can  be  r e g u l a t e d   ( f o r   v a r i o u s   w e i g h t s   of  k r a f t   p a p e r   t o  

a r o u n d   20  p e r c e n t   t o t a l   m o i s t u r e   by  w e i g h t )   to  a c h i e v e   a  

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

i n v e n t i o n .  



" )  
In  t he   c a s e   of  p o l y e s t e r ,   w h i c h   has   a  h e a t   s e t  

t e m p e r a t u r e   of  a r o u n d   3 5 0 ° F ,   an  o p t i m u m   web  t e m p e r a t u r e  

to  e s t a b l i s h   t he   d e s i r e d   l i m i t e d   p l a s t i c i t y   i s   a r o u n d  

2 5 0 ° F .  

For   t r e a t m e n t   of  s u c h   s y n t h e t i c   m a t e r i a l s   t o  

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

e f f e c t s   by  s e l f - g e n e r a t i o n   of  h e a t   t h e   w o r k - g e n e r a t e d  

t e m p e r a t u r e   r i s e   is  no t   o n l y   p l a s t i c i t y - d e p e n d e n t   b u t   i s  

a l s o   d e p e n d e n t   upon  t he   s p e e d   a t   w h i c h   t h e   p r o c e s s   i s  

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

r e a c h e d   t he   f a s t e r   t he   p r o c e s s   is   c o n d u c t e d .   We  b e l i e v e  

t h i s   to   be  due  to  h e a t   l o s s   to  t he   r e l a t i v e l y   c o o l  

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

t e m p e r a t u r e   in  o r d e r   to  m a i n t a i n   t he   d e s i r e d   l i m i t   t o  

p l a s t i c i t y   of  the   web  as  i t   e n t e r s   t h e   t r e a t m e n t .  

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

of  t h e   s u b s t a n c e   due  to   s l i d i n g   of  f i b e r s   upon  e a c h  

o t h e r   or  due  to  i n t e r n a l   f r i c t i o n   in  t he   t h e r m o p l a s t i c  

s u b s t a n c e   may  c a u s e   l e s s   t e m p e r a t u r e   r i s e .  

In  t he   c a s e   of  t r e a t m e n t   of  p o l y e s t e r   and  n y l o n  

webs  we  h a v e   f o u n d   t h a t   t he   web  w i l l   n o t   s e l f - h e a t   t o  

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

t r e a t m e n t   i f   t r e a t m e n t   s p e e d s   a r e   in  t h e   r a n g e   of  5  t o  

10  y a r d s   pe r   m i n u t e .   As  t he   t r e a t m e n t   s p e e d   i s  

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

u p w a r d s   of  10  y a r d s   p e r   m i n u t e ,   p e r f e r a b l y   a b o v e   1 5  

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

p r o c e s s   demand  l e v e l   is  e x c e e d e d   and  t h e   c o m p r e s s i o n a l  

t r e a t m e n t   e f f e c t s   can   be  p e r m a n e n t l y   s e t   by  c o n v e r s i o n  

of  work  to  h e a t   e n e r g y .  
For   d i f f e r e n t   t r e a t m e n t s   or  web  m a t e r i a l s ,   o n e  

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

e x a m i n a t i o n   of  t he   r e s u l t s ,   r e a d i l y   d e t e r m i n e   t h e  

minimum  s p e e d   to  o p e r a t e   fo r   a  g i v e n   p r o c e s s .  



An  u p p e r   s p e e d   l i m i t   may  s i m i l a r l y   b e  

e s t a b l i s h e d   f o r   a  m a t e r i a l .   For   i n s t a n c e ,   i f   t he   w e b  

p a s s e s   t h r o u g h   t he   m a c h i n e   too   q u i c k l y   t he   m e c h a n i c a l  

t r e a t m e n t   may  to  some  e x t e n t   r e s u l t   in  e l a s t i c   s h o c k  

- r a t h e r   t h a n   p e r m a n e n t   d e f o r m a t i o n   ( m e c h a n i c a l   w o r k i n g )  

of  t h e   m a t e r i a l .   In  t h i s   c a s e   t oo   h i g h   a  s p e e d   may  n o t  

h e a t   t h e   web  as  much  as  a  l o w e r   s p e e d ;   in  o t h e r   c a s e s ,  

too   h i g h   a  s p e e d   may  r e s u l t   in  o v e r h e a t i n g   a n d  

p r o d u c t i o n   of  u n w a n t e d   g l a z e d   c h a r a c t e r i s t i c s   or  t h e  

l i k e   in  t he   m a t e r i a l   b e i n g   t r e a t e d ,   or  may  n o t   a l l o w  

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

A c c o r d i n g   to   t he   i n v e n t i o n ,   s p e c i f i c a l l y   in  t h e  

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

b l a d e l e s s   m i c r o c r e p e r   p r o c e s s   as  d e s c r i b e d   a b o v e ,   t h e  

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

in  t he   r a n g e   of  220  to  2 8 0 ° F ,   t he   o p t i m u m   u s u a l l y  

b e t w e e n   240°  and  2 8 0 ° F ,   and  t h e   p r e f e r r e d   o p e r a t i o n a l  

s p e e d   i s   in  t he   r a n g e   of  15  to  50  ypm,  p r e f e r a b l y  

b e t w e e n   15  and  20  ypm.  For   n y l o n   t r i c o t   t h e   same  s p e e d  

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

240°  to  300°F   and  t he   o p t i m u m   u s u a l l y   b e t w e e n   270  a n d  

2 8 0 ° F .  

I t   is   d i s c o v e r e d   t h a t   by  o b s e r v i n g   t h e s e  

c o n d i t i o n s   t he   c o m p r e s s i v e   t r e a t m e n t   of  t h e   m a t e r i a l   i s  

a u t o m a t i c a l l y   p e r m a n e n t l y   s e t   by  t he   c o m p r e s s i v e  

t r e a t m e n t   i t s e l f .   An  a d d i t i o n a l   s t e p   of  p a s s i n g   t h e  

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

g a s - f i r e d   h e a t - s e t   o v e n s   on  c o s t l y   t e n t e r i n g   f r a m e s   m a y  
t h u s   be  a v o i d e d   and  t he   c o m p r e s s i o n a l   t r e a t m e n t   can   b e  

t h e   l a s t   t r e a t m e n t - o f   t he   f a b r i c .   F u r t h e r m o r e ,   t h e  

l e v e l   of  p r e h e a t i n g   of  t he   web  p r i o r   to   t h e   t r e a t m e n t ,  

a v o i d i n g   i n t r o d u c i n g   t he   web  a t   a  h i g h   l e v e l   o f  

p l a s t i c i t y ,   g i v e s   a  web  t h a t   is   mus t   e a s i e r   to  h a n d l e ,  

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

b e t t e r   t r e a t m e n t   can  be  o b t a i n e d .  



As  a l s o   n o t e d ,   t h i s   h e a t   g e n e r a t i o n   and  u s e  

a s p e c t   of  t he   i n v e n t i o n   a l s o   has   p a r t i c u l a r   a p p l i c a t i o n  

to  t h e   m i c r o c r e p i n g   of  p a p e r .   H e r e t o f o r e ,   in  c r e p i n g  

k r a f t   p a p e r   f o r   t he   p u r p o s e   of  i n c r e a s i n g   i t s   b u r s t  

s t r e n g t h ,   i t   has   b e e n   c u s t o m a r y   to  add  m o i s t u r e   to  b r i n g  

t h e   p a p e r   to  a  p l a s t i c   c o n d i t i o n ,   to  c r e p e   t he   p a p e r ,  

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

r e m o v e   t he   m o i s t u r e .   The  d r y i n g   s t e p   has   b e e n   a  v e r y  

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

A c c o r d i n g   to  t he   i n v e n t i o n ,   t h e   m i c r o c r e p i n g  

p r o c e s s   and  the   m o i s t u r e   c o n t e n t   of  t h e   p a p e r   a r e  

a p p r o p r i a t e l y   b a l a n c e d   so  t h a t   t he   m e c h a n i c a l   p r o c e s s  
i t s e l f   r a i s e s   t he   p a p e r   s u b s t a n t i a l l y   to  t h e   d r y i n g  

t e m p e r a t u r e ,   and  l a r g e   d r i e r s   a r e   no  l o n g e r   n e e d e d .   A 

p r o p e r   r o l l   of  m i c r o c r e p e d   p a p e r   can  t h u s   be  o b t a i n e d   b y  

d i r e c t l y   w i n d i n g   t he   o u t p u t   of  t he   m i c r o c r e p e r   o r  

s i m i l a r   p r o c e s s o r .  

S p e c i f i c   E m b o d i m e n t s  

F i g .   21  shows  a  s y s t e m   f o r   c o n d u c t i n g   t h e  

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

t h e r m o p l a s t i c   webs  to  a c h i e v e   p e r m a n e n t   s e t t i n g   w i t h o u t  

need   of  s e p a r a t e   h e a t   s e t t i n g   f o l l o w i n g   t he   t r e a t m e n t .  

The  d r i v e n   r o l l   14,  h o l d e r   a s s e m b l y   26,  p r i m a r y   1 8 ,  

r e t a r d e r   2 0 ' ,   and  b a c k i n g   p l a t e   22  a r e   c o n s t r u c t e d   a s  

shown  in  F i g u r e s   8  and  9  and  t he   c r o s s - s e c t i o n   of  F i g u r e  

20.  R o l l   14  is   d r i v e n   by  v a r i a b l e   s p e e d   m o t o r   80  v i a  

b e l t   82  and  i s   h e a t e d   i n t e r n a l l y   by  a  f l o w   of  h e a t e d  

l i q u i d   f rom  s o u r c e   84  to   e s t a b l i s h   a  s t a b l e   r e l a t i v e l y  

low  t e m p e r a t u r e   hr  a t   r o l l   s u r f a c e   12.   P r e s s e r   24  

p r e s s e s   t he   p r i m a r y . 1 8   and  r e t a r d i n g   member  20'  d o w n  

a g a i n s t   the   top   of  r o l l   14.  A  web  s u p p l y   r o l l   86  i s  

r o t a t a b l y   m o u n t e d   on  a x l e   88  in  s l o t   90.  S l o t   90  i s  

s l i g h t l y   i n c l i n e d   and  e n s u r e s   t h a t   s u p p l y   r o l l   86  

c o n s t a n t l y   b e a r s   a g a i n s t   t he   d r i v e   r o l l   14  as  r o l l   86  

d i m i n i s h e s   in  s i z e .   Web  is   t r a n s f e r r e d   f rom  r o l l   86  

d i r e c t l y   to  d r i v e n   r o l l   18  as  d r i v e n   r o l l   t u r n s   i n  



d i r e c t i o n   S.  Means   n o t   shown  m a i n t a i n   t h e   a x i s   of  r o l l  

86  p a r a l l e l   w i t h   t h e   a x i s   of  d r i v e n   r o l l   14.  B r a k e s   9 2  

a c t i n g   on  o p p o s i t e   e n d s   of  a x l e   88  r e t a r d   t he   r o t a t i o n  

of  s u p p l y   r o l l   86  to  a p p l y   s u p p l y   t e n s i o n   T  to  t he   w e b  

16  as  i t   a p p r o a c h e s   t he   t r e a t m e n t   h e a d .   T r e a t e d   w e b  

1 6 t ,   soon   a f t e r   i t   e m e r g e s   f rom  u n d e r   t h e   r e t a r d i n g  

s u r f a c e   21,   l e a v e s   r o l l   14  and  e n g a g e s   in  s u c c e s s i o n  

i d l e r   r o l l s   94  and  96  and  t h e n   p a s s e s   u n d e r   w i n d i n g   r o l l  

98  to  t a k e - u p   r o l l   100 .   T a k e - u p   r o l l   100  h a s   i t s   a x l e  

m o u n t e d   in  a n g l e d   s l o t s   102  s i m i l a r   to  s l o t s   90  f o r   t h e  

d r i v e n   s u p p l y   r o l l ,   a l l o w i n g   r i g h t w a r d   and  s l i g h t l y  

u p w a r d   m o v e m e n t   of  t h e   t a k e - u p   r o l l   100  as  i t   g r o w s   i n  

s i z e   w h i l e   e n s u r i n g   i t s   c o n t a c t   a t   a l l   t i m e s   w i t h  

w i n d i n g   r o l l   98.  W i n d i n g   r o l l   98  i s   d r i v e n   v i a   b e l t   1 0 4  

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

1 0 6 ,   w h i c h   in  t u r n   is   d i r e c t l y   d r i v e n   v i a   b e l t   1 0 8  b y  

d r i v e n   r o l l   14.  W i n d i n g   r o l l   98  d r i v e s   i d l e r   94  by  b e l t  

110  and  i d l e r   96  by  c r o s s   b e l t   112 .   The  r a t i o   of  t h e  

d r i v e s   of  t h e   i d l e r   r o l l s   94,   96  r e l a t i v e   to   w i n d i n g  

r o l l   98  is   p r e s e t   to  be  s l i g h t l y   ( e . g .   5 % )  s l o w e r   t h a n  

t h e   s u r f a c e   s p e e d   of  t he   w i n d i n g   r o l l .   The  p o s i t i v e  

i n f i n i t e l y   v a r i a b l e   d r i v e   m e c h a n i s m   106  can   be  a d j u s t e d  

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

r a t i o   r e l a t i v e   to  t h e   s u r f a c e   s p e e d   of  d r i v e n   r o l l   1 4 .  

D i f f e r e n c e s   in  s p e e d s   may  r a n g e   f rom  a  few  p e r c e n t   to   a s  

much  as  15  or  20  p e r c e n t ,   d e p e n d i n g   upon  t h e   d e s i r e d  

t r e a t m e n t   f o r   t h e   f a b r i c .   I t   w i l l   be  u n d e r s t o o d   t h a t   i n  

t h e   t r e a t m e n t   c a v i t i e s   t he   web  is   c o m p r e s s e d   to  a  m u c h  

g r e a t e r   d e g r e e   t h a n   t h i s ,   and  t h e n   much  of  t h e  

c o m p r e s s i o n   is   d r a w n   o u t   by  t h e   w i n d i n g   r o l l   98,   t o  

a c h i e v e   t he   d e s i r e d   p e r c e n t a g e   t r e a t m e n t .   I d l e r   r o l l s  

94,   96  and  w i n d i n g   r o l l   98  a r e   i n t e r n a l l y   c o l l e d   by  a  

f l o w   of  c o o l i n g   l i q u i d   f rom  s o u r c e   1 1 4 .  



In  a  t y p i c a l   t r e a t m e n t ,   c h o s e n   f o r  

i l l u s t r a t i o n ,   t h e   s u p p l y   r o l l   86  c o m p r i s e s   a  wa rp   k n i t  

n y l o n   t r i c o t   f a b r i c   of  t h i c k n e s s   b e t w e e n   .009  and  . 0 1 0  

i n c h ,   f o r m e d   of  40  d e n i e r   y a r n ,   e a c h   y a r n   f o r m e d   by  e . g .  
12  f i n e   m o n o f i l a m e n t s ,   t h e r e   b e i n g   49  c o u r s e s  

( l e n g t h w i s e )   p e r   i n c h   and  48  w a l e s   ( c r o s s w i s e )   p e r  
i n c h .   For   t h i s   web  t he   h e a t   s e t   t e m p e r a t u r e   i s   of  t h e  

o r d e r   of  3 5 0 ° F .   The  h e a t   s o u r c e   84  i s   r e g u l a t e d   t o  

m a i n t a i n   t he   r o l l   s u r f a c e   a t   t e m p e r a t u r e   h   of  2 8 0 ° .  

Tha  c o o l i n g   l i q u i d   a t   s o u r c e   l14   i s   m a i n t a i n e d   a t   3 5 ° F .  

The  r e t a r d i n g   member  20  p r o v i d e s   r e t a r d i n g   s u r f a c e   21  i n  

t h e   fo rm  of  t h e   p l a s m a   c o a t e d   p a r t i c l e s   on  a  s p r i n g  

s t e e l   s u b s t r a t e   of  .010   i n c h   t h i c k n e s s ,   t h e   c o a t e d  

s u r f a c e   p r e s e n t i n g   a  s u r f a c e   r o u g h n e s s   of   b e t w e e n   1 1 0  

and  120  m i c r o   i n c h e s   AA.  D i m e n s i o n   X  ( s e e   F i g u r e   5)  i s  

s e t   in  t h e   r a n g e   of  .020   to  .125   i n c h   ( t h e   s m a l l e r  

d i m e n s i o n s   b e i n g   e m p l o y e d   when  t h e   c o r n e r s   of  t h e   s t e p s  

a r e   s l i g h t l y   r o u n d e d   to  p r o v i d e   l e s s   d r a g   on  t h e   w e b ) .  

The  e x t e n t   E  ( s e e   F i g u r e   9)  of  t he   r e t a r d i n g   s u r f a c e  

b e y o n d   t h e   t i p   of  t he   p r e s s e r   24  is  1 /2   i n c h .  

Unde r   t h e s e   c o n d i t i o n s   when  d r i v i n g   t h e   d r i v e n  

r o l l   14  a t   s p e e d   S  in  t h e   r a n g e   of  15  to  20  y a r d s   p e r  

m i n u t e ,   t h e  w e b   as  i t   is   t r a n s f e r r e d   f rom  t h e   s u p p l y  

r o l l   86  to  d r i v e n   r o l l   14  has   t e m p e r a t u r e   h  
s i g n i f i c a n t l y   a b o v e   a m b i e n t   t e m p e r a t u r e   b e c a u s e   of  t h e  

h e a t i n g   of  a  c e r t a i n   d e p t h   of  r o l l   86  due  to  i t s  

c o n t i n u o u s   c o n t a c t   w i t h   r o l l   14.  As  t h e   d e l i v e r e d   l a y e r  

of  web  t r a v e l s   w i t h   h e a t e d   g r i p p i n g   s u r f a c e   12  of  r o l l  

14  i t   q u i c k l y   r i s e s   in  t e m p e r a t u r e   so  t h a t   i t s  

t e m p e r a t u r e   h2 ,   b e f o r e   i t s   t r e a t m e n t ,   c o r r e s p o n d s   w i t h  

t h a t   of  t h e   r o l l ,   h r .   A  s u d d e n   r i s e   in  t e m p e r a t u r e   o f  

t he   web  to  h3  (or  a t   l e a s t   of  t he   c o m p o n e n t   f i b e r s  

b e i n g   b e n t )   o c c u r s   e . g .   a t   t r e a t m e n t   p o i n t   O.  F i g .   1,  a s  

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

l o n g i t u d i n a l l y   e x t e n d i n g   y a r n s   as  i l l u s t r a t e d   in  F i g u r e s  



22  and  23.  As  shown  in  F i g u r e   22,  an  i n d i v i d u a l  

l o n g i t u d i n a l l y   e x t e n d i n g   f i b e r   of  t he   f a b r i c   is   e x p o s e d  

to  a  r e t a r d i n g   f o r c e   R  and  a  d r i v e   f o r c e   F.  T h i s   f i b e r ,  

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

s t r u c t u r a l   t o u g h n e s s   to  r e s i s t   b e n d i n g   and  r e q u i r e s   w o r k  

to  be  p e r f o r m e d   as  i t   is   b e n t   a t  a   to  t h e   c r i m p e d  

c o n d i t i o n   of  F i g .   23.  H e a t   i s   g e n e r a t e d   a t   e a c h  

c r i m p i n g   p o i n t  g   in  t he   f i b e r s   ( t h e   e x a c t   p o i n t s   w h e r e  

t h e   h e a t   s e t t i n g  e f f e c t   is   s u b s e q u e n t l y   r e q u i r e d ) ,   t h e s e  

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

t r e a t m e n t   p o i n t   0.  Wi th   t h e   s p e e d   of  t h e   p r o c e s s  
m a i n t a i n e d   o v e r   a  c e r t a i n   m i n i m u m ,   e . g . ,   s p e e d s  

e x c e e d i n g   10  y a r d s   pe r   m i n u t e ,   p r e f e r a b l y   a b o v e   15  y a r d s  

pe r   m i n u t e ,   bu t   b e l o w   30  y a r d s   pe r   m i n u t e   to  a l l o w   f o r  

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

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

h e a t   r i s e   t h a t   can  e l e v a t e   t h e s e   p o i n t s   in  t h e   f i b e r s   t o  

t e m p e r a t u r e   h2  to  c a u s e   p e r m a n e n t   s e t t i n g   ( e v e n  

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

c r o s s w i s e   of  t he   f a b r i c   may  n o t   be  so  much  a f f e c t e d ) .  

F r i c t i o n   a t   t he   r e t a r d i n g   s u r f a c e   21  and  r o l l  

s u r f a c e   12  can   have   a d d e d   h e a t i n g   e f f e c t s .   M u l t i p l e  

c a v i t y   t r e a t m e n t s   may  e x t e n d   t h e   t i m e   o v e r   w h i c h   t h e  

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

I m m e d i a t e l y   a f t e r   l e a v i n g   t he   r e t a r d i n g   s u r f a c e  

21,   f o r   i n s t a n c e   a f t e r   o n l y   1  or  2  d e g r e e s   of  r o t a t i o n  

of  t he   r o l l   14,   t he   web  l e a v e s   t h e   r o l l   and  i n  

s u c c e s s i o n   e n g a g e s   c h i l l e d   r o l l s   94,   96,   and  98,   a n d  

t h e n   i s   wound  on  r o l l   100 .   T h r o u g h   t he   c o u r s e   of  t h e s e  

e n g a g e m e n t s ,   t he   web  is  c h i l l e d   r a p i d l y   to  a m b i e n t  

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

T e s t s   have   shown  t h a t   t he   t r e a t e d   web  has   b e e n  

c h a n g e d   in  a  p e r m a n e n t   way  in  v e r y   d e s i r a b l y   q u a l i t i e s .  

As  i t   came  f rom  t he   s u p p l y   r o l l   i t   was  a  t y p i c a l l y  

i n e x p e n s i v e   and  h a r s h   n y l o n   t r i c o t   h a v i n g   a  s l i c k   a n d  

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



" p l a s t i c " ,   " s l e e z e y "   and  " o p t i c a l l y   t r a n s p a r e n t " .  

F o l l o w i n g   t h e   t r e a t m e n t ,   w i t h   o n l y   a  few  p e r c e n t   c h a n g e  

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

c h a n g e .   I t   has   become   much  more   o p a q u e   and  s o f t   and  i s  

c h a r a c t e r i z e d   by  t h e   w o r d s   " b u t t e r y "   and  " g o o d   hand   a n d  

f e e l "   owing   to  t h e   c r i m p e d   n a t u r e   of  i t s   c o m p o n e n t  

f i b e r s .   In  i t s   t r e a t e d   c o n d i t i o n   t he   f a b r i c   i s  

d e s i r a b l e   f o r   use   in  l i n g e r i e .   S u c c e s s i v e   wash  t e s t s  

have   shown  t h a t   t h e   t r e a t m e n t   is   p e r m a n e n t   w i t h   n o  

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

w a s h i n g s .  

The  u n i q u e   s e l f - h e a t   s e t   t r e a t m e n t   i l l u s t r a t e d  

has   many  d e s i r a b l e   f e a t u r e s .   The  web  is  p r e h e a t e d   b y  

c o n t a c t   w i t h   t he   d r i v e n   r o l l ,   and  moves   o v e r   to  i t  

d i r e c t l y ,   w i t h   no  c h a n c e   to  w r i n k l e   or  neck   down  i n  

w i d t h   more  t h a n   a  s m a l l   p e r c e n t a g e .   By  a l l o w i n g   t h e   w e b  

to  r e m a i n   a t   a  r e l a t i v e l y   low  t e m p e r a t u r e   u n t i l   i t  

r e a c h e s   t he   t r e a t m e n t ,   t h e r e   i s   no  c h a n c e   of  u n d e s i r a b l e  

m e l t i n g   or  g l a z i n g   of  t he   web  s u r f a c e   and  t h u s   no  d a m a g e  

to  t he   web.  By  t h e   use  of  c h i l l e d   r o l l s   i m m e d i a t e l y  

f o l l o w i n g   t h e   t r e a t m e n t   t he   web  is  s u d d e n l y   s h o c k e d   to   a  

low  t e m p e r a t u r e   w h i c h   i m p r o v e s   t he   s t a b i l i t y   o f  

t r e a t m e n t .   S i n c e   t h e   web  is   r e w o u n d   a f t e r   o n l y   a  f e w  

f e e t   of  t r a v e l   f rom  t he   d r i v e n   r o l l   12  t h e r e   i s   l i t t l e  

c h a n c e   f o r   n e c k i n g - i n   of  t he   f a b r i c   f o l l o w i n g  

t r e a t m e n t .   A l s o   t he   d i s a d v a n t a g e o u s   c o s t s   of  s e p a r a t e  

h e a t   s e t t i n g   and  t e n t e r i n g   a r e   a v o i d e d   and  t h e   e n t i r e  

p r o c e s s   is   c o n d u c t e d   in  a  v e r y   e n e r g y   e f f i c i e n t   m a n n e r .  

The  t r e a t m e n t   j u s t   d e s c r i b e d   is  u s e f u l   f o r  

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

a l s o   is  u s e f u l   on  n o n - w o v e n   webs  when  f o r m e d   o f  

t h e r m o p l a s t i c   f i b e r s   or  s u b s t a n c e s   of  s i m i l a r   q u a l i t y .  

The  s y s t e m   d e s c r i b e d   t a k e s   a d v a n t a g e   of  t h e  

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

p r i m a r y   s u r f a c e   18.  As  h e a t   s e t   r e q u i r e m e n t s   or  t h e  

n a t u r e   of  t h e   t r e a t m e n t   r e q u i r e s   c h a n g e   in  t h e  



t e m p e r a t u r e   of  t he   r o l l   to  c h a n g e   t h e   t e m p e r a t u r e   a n d  

p l a s t i c i t y   of  t he   web,   s u c h   c h a n g e s   can   be  a u t o m a t i c a l l y  

a c c o m m o d a t e d   by  t h e   a c t i o n s   d e s c r i b e d   a b o v e   in  r e s p e c t  

of  F i g s .   1-4   and  6  and  7.  A d v a n t a g e o u s l y ,   to   p r o v i d e  

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

f e a t u r e s   d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g s .   13  and  1 3 a ,  

a r e   e m p l o y e d   in  t h e   a u t o m a t i c   h e a t - s e t   s y s t e m .  

In  c e r t a i n   i n s t a n c e s ,   h o w e v e r ,   e . g .   w i t h  

s p e c i f i c   r e a d i l y   t r e a t a b l e   m a t e r i a l s ,   i t   i s   p o s s i b l e   t o  

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

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

F i g .   24  shows  a  s y s t e m   f o r   l o n g i t u d i n a l  

c o m p r e s s i v e   t r e a t m e n t   or  m i c r o c r e p i n g   of  a  k r a f t   p a p e r  
web  w h i c h   c o n t r o l s   m o i s t u r e   a p p l i c a t i o n   to  a c h i e v e   t h e  

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

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

l a r g e   d r y e r .  

The  d r i v e n   s e r r a t e d   r o l l   1 4 ' ,   h o l d e r   a s s e m b l y  

26,  p r i m a r y   18,   b a c k i n g   member  42,   4 2 a ,   p r e s s e r   24,   a n d  

r e t a r d i n g   comb  43  a r e   c o n s t r u c t e d   as  s h o w n  i n   F i g .   8,  a s  

m o d i f i e d   by  F i g .   11.  R o l l   14 '   i s   d r i v e n   by  m o t o r   8 0 .  

P r e s s e r   24  p r e s s e s   t he   p r i m a r y   18  and  b a c k i n g   member   4 2  

down  a g a i n s t   t h e   top   of  s e r r a t e d   r o l l   1 4 ' .   A  web  s u p p l y  

r o l l   120  on  u n w i n d   s t a n d   124  s u p p l i e s   p a p e r   web  to   b e  

t r e a t e d   w h i l e   r e w i n d   s t a n d   126  r e w i n d s   t h e   t r e a t e d   w e b  

o n t o   t a k e - u p   r o l l   128 .   From  s u p p l y   r o l l   120  t h e  

u n t r e a t e d   web  p a s s e s   i d l e r   122  and  m o i s t e n i n g   u n i t   1 3 2  

( D a h l g r e n   L i q u i d   A p p l i c a t i o n   S y s t e m ,   D a h l g r e n  

M a n u f a c t u r i n g   C o m p a n y ,   D a l l a s ,   T e x a s )   and  p r o c e e d s   t o  

bowed  s p r e a d e r   r o l l . 1 3 4 ,   to   i d l e r s   136  and  138  a n d  

t h e n c e   to  t h e   s e r r a t e d   d r i v e n   r o l l   1 4 ' .   The  m i c r o c r e p e d  

web  upon  l e a v i n g   the   t r e a t m e n t   c a v i t y   p a s s e s   o v e r   i d l e r  

r o l l   140  and  t h e n c e   to  t he   r e w i n d   s t a n d   126 .   In  t h e  

r e w i n d   s t a n d   t he   web  p a s s e s   o v e r   a  s e t   of  i d l e r s   t o  

d r i v e n   w i n d i n g   r o l l   142  and  t h e n c e   to  t he   t a k e - u p   r o l l  

128 .   R o l l   128  is   c o n s t a n t l y   d r i v e n   a t   t h e   s u r f a c e   s p e e d  



of  t h e   w i n d i n g   r o l l   in  t h e   m a n n e r   m e n t i o n e d   f o r   F i g .  

21.  F i r s t   and  s e c o n d   m o i s t u r e   d e t e c t i o n   d e v i c e s   144  a n d  

146  ( Q u a d r a b e a m   m o i s t u r e   m e t e r   f rom  M o i s t u r e   S y s t e m s  

I n c . ,   H o p k i n g t o n ,   M a s s a c h u s e t t s )   a r e   e m p l o y e d .   D e t e c t o r  

144  d e t e c t s   t he   m o i s t u r e   of  t h e   u n t r e a t e d   web  f o l l o w i n g  

t h e   m o i s t e n i n g   d e v i c e   132  and  p r e c e d i n g   t he   c o m p r e s s i v e  

t r e a t m e n t .   D e t e c t o r   146  d e t e c t s   t he   m o i s t u r e   c o n t e n t   o f  

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

d e t e c t i o n   s i g n a l s   f rom  d e t e c t o r s   144  and  146  a r e   a p p l i e d  

to  c o n t r o l   d e v i c e   148 .   The  c o n t r o l   d e v i c e   148  g e n e r a t e s  

a  m o i s t u r e   command  s i g n a l   w h i c h   is   a p p l i e d   to  c o n t r o l  

u n i t   150  f o r   r e g u l a t i n g   t he   a m o u n t   of  m o i s t u r e   a p p l i e d  

by  u n i t   132  to  t h e   u n t r e a t e d   web  to  m a i n t a i n   t h e   a d d e d  

m o i s t u r e   a t   a  l e v e l   w h i c h   is   r e m o v e d   by  t h e   h e a t   r i s e   o f  

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

M2  in  t he   p r e d e t e r m i n e d   r a n g e   of  p l a s t i c i t y   f o r  

a c h i e v i n g   t h e   d e s i r e d   t r e a t m e n t .   S i g n a l   o v e r   l e a d   1 5 2  

is   a p p l i e d   by  t h e   c o n t r o l   u n i t   to  t h e   m o t o r   80  f o r  

v a r y i n g   t h e   s p e e d   of  t he   web  t h r o u g h   t h e   m a c h i n e ,   a s  

h e r e   a g a i n   more   h e a t   can  be  g e n e r a t e d ,   t h e   f a s t e r   t h e  

t r e a t m e n t   o c c u r s .   A d d i t i o n a l   m o i s t u r e   d e t e c t o r   154  a n d  

a c c e s s o r y   h e a t e d   r o l l   156  may  be  e m p l o y e d   f o l l o w i n g   t h e  

t r e a t m e n t   and  p r e c e e d i n g   t he   r e w i n d   m e c h a n i s m .  

The  m o i s t e n i n g   d e v i c e   is  c o n s t r u c t e d   to  e n s u r e  
t h a t   m o i s t u r e   a p p l i e d   to  t he   web  is  u n i f o r m l y  
d i s t r i b u t e d   t h r o u g h   t he   web  t h i c k n e s s   ( w h e r e   f o r   a n y  
p a r t i c u l a r   web  t he   m o i s t e n i n g   u n i t   is   i n a d e q u a t e ,  

a c c e s s o r y   d e v i c e s   s u c h   as  a  s t e a m e r   or  a  h e a t e d   r o l l  

f o l l o w i n g   the   m o i s t e n e r   can   e n s u r e   t h a t   t h e   m o i s t u r e  

p e r m e a t e s   t h r o u g h   t he   e n t i r e   web  t h i c k n e s s . )  

The  m o i s t u r e   p r o f i l e   of  t h e   web  as  i t   p a s s e s  
t h r o u g h   t he   t r e a t m e n t   v a r i e s   as  f o l l o w s .   The  m o i s t u r e  

c o n t e n t   M   of  t he   u n t r e a t e d   web  is   due  to  a m b i e n t  

c o n d i t i o n s ,   as  t h e   web  comes  f rom  t h e   s u p p l y   r o l l ,   e . g .  
5%  m o i s t u r e   by  w e i g h t .   The  m o i s t u r e   c o n t e n t   M1 
f o l l o w i n g   the   m o i s t e n i n g   u n i t   has   i n c r e a s e d   by  an  a m o u n t  



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

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

p r a c t i c a l   t e s t   f o r   any  p a r t i c u l a r   web  and  r e g u l a t e d   b y  

c o n t r o l   u n i t   148  in  a c c o r d a n c e   w i t h   c o n t r o l   t e c h n i q u e s  

t h a t   a r e   k n o w n ) .   Wi th   k r a f t   p a p e r ,   (60  p o u n d   w e i g h t  

p a p e r )   t h e   m o i s t u r e   c o n t e n t   a t   M1  may  r a n g e   a r o u n d  

20%.  The  m o i s t u r e   of  t h e   web  M2  as  i t   t r a v e l s   o v e r  

t h e   d r i v e n   r o l l   14 '   to  t r e a t m e n t   c o n t i n u e s   or  may  d r o p  

s o m e w h a t   f rom  t h e   M1  l e v e l .   H e a t   g e n e r a t e d   as  t h e  

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

s p e e d   e . g .   1000  fpm)  i s   i m p a r t e d   to   t h e   web,   and  r a p i d l y  

d r i v e s   o f f   e x c e s s   m o i s t u r e .   Thus   t h e   m o i s t u r e   c o n t e n t  

of  t h e   web  a t   M3,  f o l l o w i n g   t h e   t r e a t m e n t   a  d i s t a n c e  

a l l o w i n g   f o r   t he   g e n e r a t e d   h e a t   to  e v a p o r a t e   t h e  

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

web  can   be  wound  d i r e c t l y   on  t h e   t a k e - u p   r o l l   128  w i t h  

p e r h a p s   s o m e w h a t   h i g h e r   m o i s t u r e   c o n t e n t   t h a n   in  t h e  

o r i g i n a l   s u p p l y   r o l l   ( r e s i s d u a l   e x c e s s   m o i s t u r e   c a n  

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

t i m e   due  to  t he   r e l a t i v e   p o r o s i t y   to  a i r   p r o v i d e d   by  t h e  

m i c r o c r e p e d   c o n d i t i o n   of  t he   p a p e r ) .   D u r i n g   o p e r a t i o n  

i f   d e t e c t o r   146  r e a d s   too  much  m o i s t u r e   i t   w i l l   c a l l   f o r  

h i g h e r   s p e e d   of  t he   m a c h i n e   ( to   i n c r e a s e   t h e   h e a t i n g  

e f f e c t   of  t h e   t r e a t m e n t   c a v i t y )   or  f o r   l e s s   c o n d i t i o n i n g  

m o i s t u r e   ( i f   t h e   l o w e r   l i m i t   of  t he   c o n d i t i o n i n g   r a n g e  
of  p e r c e a n t   m o i s t u r e   has   no t   b e e n   r e a c h e d . )  

E s p e c i a l l y   f o r   use  in  humid   d a y s ,   i t   i s  

d e s i r a b l e   to  i n c l u d e   a  s i m p l e   a u x i l i a r y   h e a t   s y s t e m ,  

e . g .   h e a t e d   r o l l   156 ,   to  r e m o v e   a d d i t i o n a l   m o i s t u r e   t o  

b r i n g   M4  to  t h e   d e s i r e d   l e v e l .   T h i s   s y s t e m   may  b e  

u s e d   in  o t h e r   s i t u a t i o n s ,  e . g .   w h e r e   i t   i s   d e s i r e d   t o  

o p e r a t e   r o l l   14 '   a t   c o n s t a n t   s p e e d   or  a t   s p e e d s  

u n r e g u l a t e d   by  m o i s t u r e .   In  s u c h   c a s e   d e t e c t o r   146  i s  

u s e d   in  t he   c o n t r o l   c i r c u i t   f o r   a u x i l i a r y   h e a t e d   r o l l  

156  in  a c c o r d a n c e   w i t h   u s u a l   c o n t r o l   t e c h n o l o g y .  



K r a f t   p a p e r   t r e a t e d   a c c o r d i n g   to  t he   i n v e n t i o n  

can  r e c e i v e   a  p e r m a n e n t   f i n e   m i c r o c r e p e   t e x t u r e   w h i c h  

r e s i s t s   b e i n g   p u l l e d   o u t   when  s u b j e c t e d   to  l o a d s  

( r e q u i r e s   s u b s t a n t i a l   work  to  be  p e r f o r m e d ) .   F o r  

i n s t a n c e   when  t he   p a p e r   is   u s e d   to  fo rm  a  bag  f o r  

m e r c h a n d i s e ,   in  c o m p a r i s o n   to  u n t r e a t e d   p a p e r ,   much  m o r e  

work  m u s t   be  p e r f o r m e d   by  t he   l o a d   in  r e s p e c t   of  t h e  

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

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

The  p r o c e s s   i s   e x t r e m e l y   e n e r g y - e f f i c i e n t ,   as  a  

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

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

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

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

i t s e l f .  

For   the   a b o v e   s y s t e m   f o r   t r e a t i n g   p a p e r   and  t h e  

l i k e ,   t he   m i n u t e l y   s t e p p e d   p r i m a r y   s u r f a c e ,   s u p r a ,   a n d  

in  p a r t i c u l a r   the   m u l t i p l e   l i n e s   of  f e e d   and  t h e  

i s o l a t i o n   of  the   t r e a t m e n t   f rom  web  s u p p l y   t e n s i o n   a s  

d e s c r i b e d   in  c o n n e c t i o n   w i t h   F i g s .   6  and  7  i s   v e r y  

a d v a n t a g e o u s   to  t he   p r o c e s s ,   and  e n a b l e s   t he   p l a s t i c i t y  

of  t h e   web  and  o t h e r   s t a r t i n g   c o n d i t i o n s   to  be  v a r i e d  

o v e r   an  o p e r a t i n g   r a n g e   to  a c c o m m o d a t e   t he   n e e d s   of  t h e  

s e l f - d r y i n g   a s p e c t   of  t he   p r o c e s s .  

In  an  a l t e r n a t e   e m b o d i m e n t   t h e   b l a d e l e s s  

m a c h i n e ,   as  d e p i c t e d   in  F i g s .   22  and  2 2 a ,   i s  

a d v a n t a g e o u s l y   e m p l o y e d   in  t h e   t r e a t m e n t   of  k r a f t   p a p e r .  
What  is  c l a i m e d   i s :  



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

t r e a t m e n t   of  a  web  c o m p r i s i n g   e n g a g i n g   t h e   web  on  o n e  

s i d e   by  a  s t a t i o n a r y   s u r f a c e   and  on  t h e   o t h e r   s i d e   by  a  

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

p r e s s   t h e   web  a g a i n s t   t h e   d r i v e n   g r i p p i n g   s u r f a c e   in  a  

d r i v e   zone   to  d r i v e   t he   web  f o r w a r d   in  t h e   l o n g i t u d i n a l  

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

s u r f a c e   to  c o n f i n e   t he   f o r w a r d - d r i v e n   web  a g a i n s t   t h e  

d r i v e n   s u r f a c e   in  an  e n l a r g e d   c o n f i n i n g   z o n e ,   a n d  

r e t a r d i n g   t he   web  d o w n s t r e a m   of  t he   c o n f i n i n g   zone   t o  

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

zone   so  t h a t   the   u n t r e a t e d   m a t e r i a l   d r i v e n   i n t o   t h e  

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

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

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

to  a  s e r i e s   of  m i n o r ,   d i s c r e t e   s t e p p e d   e n l a r g e m e n t s   o f  

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

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

in  m i n o r   a m o u n t s   r e l a t i v e   to  t h e   t h i c k n e s s   of  t h e   w e b ,  

t h e r e b y   p r e s e n t i n g   to  the   t r a v e l i n g   web  a  s e r i e s   o f  

a d j a c e n t ,   d i m e n s i o n a l l y   s i m i l a r   z o n e s   in  w h i c h  

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

in  t h e   p r e s e n c e   of  c h a n g e   in  t r e a t m e n t   c o n d i t i o n s   t h a t  

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

o c c u r s ,   t h e   m a j o r   p o i n t   of  t r e a t m e n t   can   o c c u r  

a l t e r n a t i v e l y   in  d i f f e r e n t   of  s a i d   s e r i e s   of  a d j a c e n t  

s i m i l a r   z o n e s .  



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

t r e a t m e n t   of  a  web  b e i n g   s u p p l i e d   u n d e r   t e n s i o n  

c o m p r i s i n g   e n g a g i n g   t h e   web  on  one  s i d e   by  a  s t a t i o n a r y  

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

s u r f a c e ,   u s i n g   t h e   s t a t i o n a r y   s u r f a c e   to  p r e s s   t h e   w e b  

a g a i n s t   t h e   d r i v e n   g r i p p i n g   s u r f a c e   in  a  d r i v e   zone   t o  

d r i v e   t he   web  f o r w a r d   in  t he   l o n g i t u d i n a l   d i r e c t i o n ,  

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

c o n f i n e   t he   f o r w a r d - d r i v e n   web  a g a i n s t   t h e   d r i v e n  

s u r f a c e   in  an  e n l a r g e d   c o n f i n i n g   z o n e ,   and  r e t a r d i n g   t h e  

web  d o w n s t r e a m   of  t h e   c o n f i n i n g   zone   to  c a u s e   c o m p r e s s e d  

m a t e r i a l   to   a c c u m u l a t e   in  t he   c o n f i n i n g   zone   so  t h a t   t h e  

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

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

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

e x p o s i n g   t h e   web  to  a t   l e a s t   two  d i s c r e t e  

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

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

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

t h e   web  t i g h t l y   a g a i n s t   t he   d r i v e n   s u r f a c e   to  a p p l y  

d r i v e   f o r c e   to  t he   web  to  d raw  t h e   web  f o r w a r d   a n d  

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

s a i d   web  e x t e n d i n g   d o w n s t r e a m   f rom  s a i d   f i r s t   s t e p   t o  

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

t e n s i o n l e s s   s t a t e ,   e s s e n t i a l l y   w i t h o u t   c o m p a c t i o n   o r  

s l i p p a g e   of  t he   web  r e l a t i v e   to  s a i d   d r i v e n   s u r f a c e ,  

u s i n g   t h e   f o l l o w i n g   s e c o n d   s t e p   to  e n l a r g e   t he   h e i g h t  

b e t w e e n   s a i d   s t a t i o n a r y   s u r f a c e   and  d r i v e n   s u r f a c e   t o  

p r e s e n t   to  t he   web  s a i d   e n l a r g e d   c o n f i n i n g   zone   in  w h i c h  

l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t   can   o c c u r ,   and  u s i n g  



t h e   edge   of  s a i d   s e c o n d   s t e p   to  d e f i n i n g   a  s e c o n d  

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

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

web,   to  d r i v e   t h e   t e n s i o n l e s s   web  f o r w a r d   a g a i n s t   s a i d  

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

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

3.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   2  c o m p r i s i n g   e x p o s i n g   t he   f o r w a r d   d r i v e n  

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

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

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

a m o u n t s   r e l a t i v e   to  t he   t h i c k n e s s   of  t h e   web,   t h e r e b y  

p r e s e n t i n g   to  t h e   t r a v e l i n g   web  a  s e r i e s   of  a d j a c e n t ,  

d i m e n s i o n a l l y   s i m i l a r   z o n e s   in  w h i c h   l o n g i t u d i n a l  

c o m p r e s s i v e t r e a t m e n t   can   o c c u r ,   w h e r e b y ,   in  t h e   p r e s e n c e  
of  c h a n g e   in  t r e a t m e n t   c o n d i t i o n s   t h a t   t e n d   to   s h i f t   t h e  

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

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

of  s a i d   s e r i e s   of  a d j a c e n t   s i m i l a r   z o n e s   w i t h   t he   w e b  

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

f i r s t   s t e p   and  t he   s t e p   a t   w h i c h   s a i d   m a j o r   t r e a t m e n t  

o c c u r s .  

4.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1,  2  or  3  w h e r e i n   s a i d   s t a t i o n a r y  

s u r f a c e   p r e s e n t s   to  s a i d   web  a  s e r i e s   of  e s s e n t i a l l y  

p l a n a r   and  p o l i s h e d   l a n d s   e x t e n d i n g   in  t h e   d i r e c t i o n   o f  

web  t r a v e l   and  d i s c r e t e ,   m i n o r   r i s e r   p o r t i o n s   a t   s a i d  

s t e p s ,   w i t h   t he   r i s e r   p o r t i o n s   e x t e n d i n g   a t   s u b s t a n t i a l  

a n g l e s   to  s a i d   p l a n a r   l a n d s .  

5.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1,  2  or  3  w h e r e i n   s a i d   s t e p s   a r e   of  t h e  

o r d e r   of  0 . 0 0 3   i n c h e s   h e i g h t .  



6.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m  5   w h e r e i n   t he   p o r t i o n s   of  s a i d  

s t a t i o n a r y   s u r f a c e   e x t e n d i n g   b e t w e e n   a d j a c e n t   s t e p s  a r e  

of  t he   o r d e r   of  0 . 0 5 0   i n c h e s   in  l o n g i t u d i n a l   e x t e n t .  

7.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1,  2  or  3  a d a p t e d   f o r   t r e a t m e n t   of  a  

p r e d e t e r m i n e d   web  m a t e r i a l ,   w h e r e i n   t h e   h e i g h t   of  e a c h  

s t e p   i s   no  more   t h a n   a b o u t   one  t h i r d   of  t he   t h i c k n e s s   o f  

t h e   m a t e r i a l .  

8.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1,  2  or  3  w h e r e i n   s a i d   s t a t i o n a r y  

s u r f a c e   p r e s e n t s   to   s a i d   web  a t   l e a s t   t h r e e   of  s a i d  

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

z o n e s .  

9.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1 ,  2   or  3  c o m p r i s i n g   e m p l o y i n g   o v e r   a  

d r i v e n   r o l l   s u r f a c e   a  m e t a l   member  to  d e f i n e   a  m i n u t e l y  

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

s p a c e ,   and  o r i e n t i n g   s a i d   member   so  t h a t   l a n d s   of  t h e  

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

d r i v e n   r o l l   s u r f a c e   in  t he   d i r e c t i o n   of  t he   t r a v e l   o f  

s a i d   s u r f a c e .  

10.  The  m e t h o d   of  c l a i m   9  c o m p r i s i n g   e m p l o y i n g  

a  s h e e t   member  of  s p r i n g   m e t a l   to  d e f i n e   s a i d   m i n u t e l y  

s t e p p e d   s u r f a c e ,   and  d e f l e c t i n g   s a i d   member  a b o u t   s a i d  

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



11.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1,  2  or  3  w h e r e i n   s a i d   r e t a r d i n g   i s  

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

wh ich   t h e r e   i s   a  m i n o r   s t e p   in  t he   r e g i o n   of  t r a n s f e r   o f  

t he   web  f rom  s a i d   c o n f i n i n g   zone   to  u n d e r   t h e   r e t a r d i n g  

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

12  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   11  w h e r e i n   s a i d   s t e p   i s   of  t h e   o r d e r   o f  

0 . 0 0 3   i n c h .  

13.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   12  w h e r e i n   s a i d   r e t a r d i n g   is   p r o v i d e d   b y  

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

s u r f a c e   and  d e f i n i n g   t h e r e w i t h   a  r e t a r d i n g   p a s s a g e ,   t h e  

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

r e t a r d i n g   p a s s a g e   in  a  d i r e c t i o n   s u b s t a n t i a l l y   p a r a l l e l  

to  s a i d   r e t a r d i n g   s u r f a c e .  

14.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   r e t a r d i n g   is  p r o v i d e d   b y  

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

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

w i t h   a  f a c e   of  t he   w e b .  

15.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

m e t h o d   of  c l a i m   14  w h e r e i n   s a i d   r e t a r d i n g   s u r f a c e   i s  

p r o v i d e d   w i t h   c u t   o u t s   a c r o s s   t h e   w i d t h   of  t h e   web  i n  

w h i c h   t he   web  is   no t   r e t a r d e d ,   and  m a i n t a i n i n g   a  b a c k i n g  

s u r f a c e   a b o v e   s a i d   r e t a r d i n g   s u r f a c e   to  l i m i t   t he   s i z e  

of  g a t h e r e d   b u b b l e s   f o r m e d   in  t he   r e g i o n s   of  s a i d   c u t  

o u t s   as  a d j a c e n t   s t r i p e s   of  web  a r e   l o n g i t u d i n a l l y  

c o m p r e s s e d ,   t h e r e b y   to  p r o d u c e   a  p l i s s e   e f f e c t   in  t h e  

w e b .  



16 .   A  p r o c e s s   f o r   t r e a t i n g   a  s e l e c t e d   web  o f  

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

c o m p r e s s i v e   t r e a t m e n t   m e t h o d   of   c l a i m   1,  2,  3  or   14 ,   a n d  

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

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

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

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

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

m a t e r i a l   of   a  l e v e l   t h a t   v a r i e s   r e l a t i v e   to   t h e  

p l a s t i c i t y   of   t h e   m a t e r i a l ,   s a i d   p r o c e s s   c h a r a c t e r i z e d  

by  t h e   s t e p s   of   m a i n t a i n i n g   t h e   m a t e r i a l   a p p r o a c h i n g   t h e  

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

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

t e m p e r a t u r e   and  a t   a  s t a t e   of   p l a s t i c i t y   a d e q u a t e   to   e n a b l e  

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

r i s e   in   t h e   m a t e r i a l   to   s a i d   p r o c e s s - d e m a n d   l e v e l   t e m p e r a t u -  

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

s t e p   u n d e r   c o n d i t i o n s   to   c o n t i n u a l l y   p r o d u c e   h e a t   r i s e   i n  
t h e   m a t e r i a l   to   s a i d   p r o c e s s - d e m a n d   l e v e l   t e m p e r a t u r e ,   a n d  

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

17 .   The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

16  w h e r e i n   s a i d   m a t e r i a l   i s   t h e r m o p l a s t i c ,   s a i d  

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

t e m p e r a t u r e   of   s a i d   m a t e r i a l ,   and  w h e r e i n   s a i d  

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

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

p o r t i o n s   of   s a i d   web  to   be  h e a t - s e t .  

18 .   The   c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

16  w h e r e i n   s a i d   m a t e r i a l   d u r i n g   s a i d   l o n g i t u d i n a l  

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

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

d e f i n e d   as   t h e   t e m p e r a t u r e   r e q u i r e d   to   e n a b l e  

e v a p o r a t i o n   of   a  m a j o r   p a r t   of   s a i d   v o l a t i l e   l i q u i d   w h e n  

s a i d   web  is  e x p o s e d   to  a m b i e n t   c o n d i t i o n s .  



19.  In  a  p r o c e s s   f o r   t r e a t i n g   a  p r e f o r m e d   w e b  

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

t e m p e r a t u r e   of  t he   o r d e r   of  350°F   in  w h i c h   t h e   web  in  a  
f i r s t   p a s s a g e   is   d r i v e n   in  l o n g i t u d i n a l   c o m p r e s s i v e  

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

web,   t he   f i r s t   p a s s a g e   d e f i n e d   by  a  c o n f i n i n g   s u r f a c e  

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

s a i d   s u r f a c e s   p o s i t i o n e d   in  s u c c e s i o n   o v e r   a  d r i v e n  

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

n o n e x t e n s i b l e   and  i m m o b i l e   in   t he   d i r e c t i o n   of  t r a v e l   o f  

t he   web  to  i m p a r t   an  e f f e c t i v e   r e t a r d i n g   a c t i o n ,   t h e  

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

c o m p r e s s i v e l y   t r e a t e d   web  c o m p r i s i n g   t he   s t e p s   o f :  

(a)  l e a d i n g   u n t r e a t e d   web  f rom  a  s u p p l y   r o l l  

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

(b)  h e a t i n g   s a i d   u n t r e a t e d   web  so  t h a t   i t  

r e a c h e s   s a i d   f i r s t   p a s s a g e   in  a  warmed  c o n d i t i o n   a t   a  

t e m p e r a t u r e   b e l o w   3 0 0 ° F ;  

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

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

w h i c h   i t   is   s u b j e c t e d   to  c o m p r e s s i v e   t r e a t m e n t ;  

(d)  h e a t i n g   s a i d   web  as  i t   p a s s e s   t h r o u g h   s a i d  

f i r s t   p a s s a g e   to  a  t e m p e r a t u r e   a b o v e   3 5 0 ° F ,   a n d  

(e)  l e a d i n g   t h e   t r e a t e d   web  f rom  b e n e a t h   s a i d  

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

c o o l i n g   p a t h   by  a  t a k e u p   r o l l   h a v i n g   a  s u r f a c e   s p e e d  
l e s s   t h a n   t he   s p e e d   of  s a i d   d r i v e n   r o l l   w h e r e b y   a  

p e r m a n e n t l y   t r e a t e d   s m o o t h - f a c e d   and  s t r a i g h t   web  i s  

p r o d u c e d   e x h i b i t i n g   no  h a r s h n e s s   or  h e a t   s t r a i n s .  

20.  The  m e t h o d   of  c l a i m   19  w h e r e i n   s a i d  

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

m a n n e r   to  p r o d u c e   a  l o c a l i z e d   h e a t   r i s e   in  s a i d  

s y n t h e t i c   web  of  more  t h a n   5 0 ° F ,   a t t r i b u t a b l e   to  t h e  

c o n v e r s i o n   to  h e a t   of  m e c h a n i c a l   work  e n e r g y   a p p l i e d   t o  

the   s u b s t a n c e   of  t he   w e b .  



21 .   The   m e t h o d   of   c l a i m   19  or   20  c o m p r i s i n g  

e m p l o y i n g   a  d r i v e n   r o l l   to   d r i v e   s a i d   web  f o r   s a i d  

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

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

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

c o n t a c t   t h e r e w i t h   as  i t   u n r o l l s ,   w h e r e b y   s a i d   web  i s  

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

and  i s   f u r t h e r   w a r m e d   as  i t   m o v e s   w i t h   t h e   s u r f a c e   o f  

s a i d   d r i v e n   r o l l   to   s a i d   t r e a t m e n t .  

22 .   A  p r o c e s s   f o r   t r e a t i n g   a  s e l e c t e d   web  o r  

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

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

c o m p r e s s e d ,   and   w h e r e i n   f o r   c o m p l e t i o n   of   t h e   p r o c e s s  

t h e   m a t e r i a l   r e q u i r e s   e l e v a t i o n   to   a  g i v e n  

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

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

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

c h a r a c t e r i s t i c   h e a t   r i s e   in  t h e   m a t e r i a l   of  a  l e v e l   t h a t  

v a r i e s   r e l a t i v e   to  t h e   p l a s t i c i t y   of   t h e   m a t e r i a l ,   s a i d  

p r o c e s s   c h a r a c t e r i z e d   by  t h e   s t e p s   of   m a i n t a i n i n g   t h e  

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

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

l e v e l   t e m p e r a t u r e   and  a t   a  s t a t e   of   p l a s t i c i t y   a d e q u a t e  

to   e n a b l e   t h e   c o m p r e s s i v e   t r e a t m e n t   of   t h e   m a t e r i a l   t o  

p r o d u c e   h e a t   r i s e   in   t h e   m a t e r i a l   to   s a i d   p r o c e s s - d e m a n d  

l e v e l   t e m p e r a t u r e ,   p a s s i n g   t h e   m a t e r i a l   t h r o u g h   s a i d   c o m -  
p r e s s i v e   t r e a t m e n t   s t e p   u n d e r   c o n d i t i o n s   to   c o n t i n u a l l y   p r o -  
d u c e   h e a t   r i s e   in  t h e   m a t e r i a l   to   s a i d   p r o c e s s - d e m a n d   l e v e l  

t e m p e r a t u r e ,   and  e m p l o y i n g   s a i d   t e m p e r a t u r e   in   t h e   c o m p l e -  
t i o n   of  t h e   p r o c e s s .  



23.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

22  w h e r e i n   s a i d   m a t e r i a l   is   t h e r m o p l a s t i c ,   s a i d  

p r o c e s s - d e m a n d   l e v e l   of  t e m p e r a t u r e   is   a  h e a t - s e t  

t e m p e r a t u r e   of  s a i d   m a t e r i a l ,   and  w h e r e i n   s a i d   ; 

l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t   i s   c o n d u c t e d   to   ' 

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

p o r t i o n s   of  s a i d   web  to  be  h e a t - s e t .  

24.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

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

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

350°  or  h i g h e r   and  i n c l u d i n g   t h e   s t e p   of  m a i n t a i n i n g   t h e  

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

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

a b o u t   3 0 0 ° F .  

25.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

24  i n c l u d i n g   t h e   s t e p   of  c h i l l i n g   s a i d   web  f o l l o w i n g  

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

t he   s e t   of  s a i d   m a t e r i a l .  

26.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

25  c o m p r i s i n g   a p p l y i n g   t e n s i o n   to  t h e   m a t e r i a l   to   r e m o v e  

a t   l e a s t   a  p o r t i o n   of  t he   c o m p r e s s i o n   of  t h e   l e n g t h   o f  

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

27.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

23  w h e r e i n   s a i d   m a t e r i a l   is  a  p r e f o r m e d   web  c o m p r i s e d   o f  

s y n t h e t i c   t h e r m o p l a s t i c   f i b e r s ,   a t   l e a s t   some  of  w h i c h  

e x t e n d   in  t h e   l o n g i t u d i n a l   d i r e c t i o n   of  s a i d   web,   s a i d  

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

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

f i b e r s   w i t h   a t t e n d a n t   e l e v a t i o n   of  t he   i n t e r i o r   f i b e r  

t e m p e r a t u r e   and  s a i d   h e a t   r i s e   e f f e c t i v e   to   h e a t - s e t  

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

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



28.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  
of  t h e   c l a i m s   23  t h r u   27  w h e r e i n   s a i d   web  c o m p r i s e s   a  

k n i t   or  woven  t e x t i l e   f a b r i c .  

29.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

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

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

a  d r i v e n   g r i p p i n g   s u r f a c e ,   t h e r e b y   to  d r i v e   t h e   w e b  

f o r w a r d ,   and  o p p o s i n g   t he   t r a v e l   of  s a i d   d r i v e n   web  by  a  

r e t a r d i n g   means   w h e r e b y   t he   web  is   l o n g i t u d i n a l l y  

c o m p r e s s e d .  

30.  The  p r o c e s s   of  c l a i m   29  w h e r e i n   s a i d  

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

s e r i e s   of  s t e p s   and  l a n d s   to  t he   m a t e r i a l   as  t h e  

m a t e r i a l   is   d r i v e n   f o r w a r d   and  t r e a t e d .  

31.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

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

s t a t i o n a r y   f r i c t i o n a l   member  p o s i t i o n e d   a d j a c e n t   t h e  

d r i v e n   g r i p p i n g   s u r f a c e   to  d e f i n e   a  r e t a r d i n g   p a s s a g e  
t h e r e b e t w e e n .  

32.  The  p r o c e s s   of  c l a i m   31  w h e r e i n   t h e  

downward   p r e s s u r e   of  s a i d   r e t a r d i n g   s u r f a c e   is   r e g u l a t e d  

by  an  a i r   c o n t a i n i n g - e n v e l o p e   d i s p o s e d   f a c e - t o - f a c e   o v e r  

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

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

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

b e a r s   a g a i n s t   s a i d   w e b .  



33.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  

of  t h e   c l a i m s   2 9 - 3 2   w h e r e i n   s a i d   s u b s t a n c e   c o m p r i s e s  

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

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

r a n g e   of  1 5 - 5 0   y a r d s   pe r   m i n u t e   to  p r o d u c e   s u f f i c i e n t  

h e a t   r i s e   to  h e a t - s e t   s a i d   m a t e r i a l .  

34.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  
of  t he   c l a i m s   2 9 - 3 2   w h e r e i n   s a i d   m a t e r i a l   c o m p r i s e s  

n y l o n   t r i c o t   k n i t   f a b r i c   of  a  t h i c k n e s s   b e t w e e n   .008   a n d  

.012   i n c h ,   i n c l u d i n g   m a i n t a i n i n g   t h e   t e m p e r a t u r e   of  t h e  

web  a p p r o a c h i n g   t h e   c o m p r e s s i v e   t r e a t m e n t   s t e p   in  t h e  

r a n g e   of  240°F   to   3 0 0 ° F ,   and  t h e   s p e e d   t h r o u g h   s a i d  

l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t   in  t h e   r a n g e   of  15  t o  

20  y a r d s   pe r   m i n u t e ,   and  c o n d u c t i n g   s a i d   l o n g i t u d i n a l  

c o m p r e s s i v e   t r e a t m e n t   s t e p   in  t he   m a n n e r   to  c r i m p   f i b e r s  

t h a t   e x t e n d   g e n e r a l l y   l o n g i t u d i n a l l y   in  s a i d   web,   s a i d  

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

s e t   t h e   c r i m p   in  s a i d   f i b e r s .  

35.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  
of   t h e   c l a i m s   2 9 - 3 2   w h e r e i n   s a i d   m a t e r i a l   c o m p r i s e s  

p o l y e s t e r   t r i c o t  k n i t   f a b r i c   of  a  t h i c k n e s s   b e t w e e n   . 0 0 8  

and  . 012   i n c h ,   i n c l u d i n g   m a i n t a i n i n g   t h e   t e m p e r a t u r e   o f  

t he   web  a p p r o a c h i n g   t h e   c o m p r e s s i v e   t r e a t m e n t   s t e p   i n  

t h e   r a n g e   of  220°F   to  2 8 0 ° F ,   and  t h e   s p e e d   t h r o u g h   s a i d  

l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t   in  t h e   r a n g e   of  l5  t o  

20  y a r d s   pe r   m i n u t e ,   and  c o n d u c t i n g   s a i d   l o n g i t u d i n a l  

c o m p r e s s i v e   t r e a t m e n t   s t e p   in  t he   m a n n e r   to  c r i m p   f i b e r s  

t h a t   e x t e n d   g e n e r a l l y   l o n g i t u d i n a l l y   in  s a i d   web,   s a i d  

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

s e t   t he   c r i m p   in  s a i d   f i b e r s .  



36.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

22  w h e r e i n   s a i d   m a t e r i a l   d u r i n g   s a i d   l o n g i t u d i n a l  

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

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

d e f i n e d   as  t h e   t e m p e r a t u r e   r e q u i r e d   to  e n a b l e  

e v a p o r a t i o n   of  a  m a j o r   p a r t   of  s a i d   v o l a t i l e  l i q u i d   w h e n  

s a i d   web  is   e x p o s e d   to  a m b i e n t   c o n d i t i o n s .  

37.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

36  w h e r e i n   s a i d   m a t e r i a l   c o m p r i s e s   a  p a p e r   web,   s a i d  

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

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

t he   d r y i n g   r e q u i r e m e n t   of  s a i d   p a p e r .  

38.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   o f  c l a i m  

37  a d a p t e d   to  p r o d u c e   a  t r e a t e d   k r a f t   p a p e r   s u i t a b l e   f o r  

use   in  w r a p p i n g s   and  p a p e r   b a g s ,   s a i d   l o n g i t u d i n a l l y  

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

r e g u l a r   e f f e c t   to  t h e   web  in  w h i c h   f i b e r s   of  t h e   web  a r e  

b e n t   i n t o   a  f i n e l y ,   b a r e l y   p e r c e p t i b l e   m i c r o c r e p e  

t e x t u r e ,   s a i d   p r o c e s s   demand  l e v e l   t e m p e r a t u r e   a d a p t e d  

to  d r y   s a i d   k r a f t   p a p e r   to  p e r m a n e n t l y   s e t   s a i d  

m i c r o c r e p e   t e x t u r e .  

39.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  
of  t h e   c l a i m s   3 6 - 3 8   i n c l u d i n g   t he   s t e p   of  m e a s u r i n g   t h e  

c o n c e n t r a t i o n   of  l i q u i d   r e m a i n i n g   in  s a i d   web  as  i t  

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

a p p l i c a t i o n   of  c o n d i t i o n i n g   l i q u i d   to  s a i d   web  p r i o r   t o  

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



40.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  a n y  

of  t h e   c l a i m s   3 6 - 3 8   w h e r e i n   s a i d   c o m p r e s s i v e   t r e a t m e n t  

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

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

d r i v e   t he   web  f o r w a r d ,   and  o p p o s i n g   t h e   t r a v e l   of  s a i d  

d r i v e n   web  by  a  r e t a r d i n g   means   w h e r e b y   t h e   web  i s  

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

41.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

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

s t a t i o n a r y   f r i c t i o n a l   member  p o s i t i o n e d   a d j a c e n t   t h e  

d r i v e n   g r i p p i n g   s u r f a c e   to  d e f i n e   a  r e t a r d i n g   p a s s a g e  
t h e r e b e t w e e n .  

42.  The  p r o c e s s   of  c l a i m   41  w h e r e i n   t h e  

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

by  an  a i r   c o n t a i n i n g - e n v e l o p e   d i s p o s e d   f a c e - t o - f a c e   o v e r  

t h e   s a i d   r e t a r d i n g   s u r f a c e ,   and  r e g u l a t i n g   t h e   a i r  

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

w h i c h   s a i d   r e t a r d i n g   s u r f a c e   b e a r s   a g a i n s t   s a i d   w e b .  

43.  The  p r o c e s s   of  c l a i m   40  w h e r e i n   s a i d  

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

s e r i e s   of  s t e p s   a n d  l a n d s   to  t he   m a t e r i a l   as  t h e  

m a t e r i a l   i s   d r i v e n   f o r w a r d   and  t r e a t e d .  

44.  The  c o m p r e s s i v e   t r e a t m e n t   p r o c e s s   of  c l a i m  

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

s t a t i o n a r y   r e t a r d i n g   member  p o s i t i o n e d   to  d i v e r t   t h e   w e b  

a t   an  a n g l e   f rom  s a i d   d r i v e n   g r i p p i n g   s u r f a c e   and  a n  

o v e r l y i n g   f l e x i b l e   r e t a r d i n g   member  p o s i t i o n e d   a d j a c e n t  

s a i d   s t a t i o n a r y   r e t a r d i n g   member  and  d e f i n i n g   t h e r e w i t h  

a  r e t a r d i n g   p a s s a g e .  



45.  In  a  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

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

w i t h   a  g r i p p i n g   s u r f a c e   f o r   e n g a g i n g   a  s u r f a c e   of  t h e  

web,   s u r f a c e   means   o v e r l y i n g   s a i d   r o l l   s u r f a c e   d e f i n i n g  

in  s u c c e s s i o n   a  p r e s s i n g   s u r f a c e   and  a  c o n f i n i n g  

s u r f a c e ,   s a i d   p r e s s i n g   s u r f a c e   a d a p t e d   to  p r e s s   t he   w e b  

a g a i n s t   t he   r o l l   s u r f a c e   to  d r i v e   t h e   web  f o r w a r d   in  a  

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

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

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

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

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

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

m a t e r i a l   to  a c c u m u l a t e ,   w h e r e b y   u n t r e a t e d   m a t e r i a l   i n  

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

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

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

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

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

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

to  t h e   t h i c k n e s s   of  t he   web  p r o g r e s i v e l y   a l o n g   s a i d  

t r a v e l   d i r e c t i o n ,   to  d e f i n e   a  s e r i e s  o f   a d j a c e n t ,  

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

w h e r e b y ,   in  t he   p r e s e n c e   of  c h a n g e   in  c o n d i t i o n s   t h a t  

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

o c c u r s ,   t he   m a j o r   p o i n t   of  t r e a t m e n t   can  o c c u r  

a l t e r n a t i v e l y   in  d i f f e r e n t   of  s a i d   s e r i e s   of  a d j a c e n t  

t r e a t m e n t   z o n e s .  

46.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45  w h e r e i n   s a i d   c o n f i n e m e n t   s u r f a c e  

h a v i n g   s a i d   s t e p s   i s   d e f i n e d   by  an  i n t e g r a l   e x t e n s i o n   o f  

a  member  d e f i n i n g   s a i d   p r e s s i n g   s u r f a c e .  



47.  In  a  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

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

means   a d a p t e d   to  a p p l y   t e n s i o n   to  an  u n t r e a t e d   web  b e i n g  

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

s u r f a c e   f o r   e n g a g i n g   a  s u r f a c e   of  t h e   web,   s u r f a c e   m e a n s  

o v e r l y i n g   s a i d   r o l l   s u r f a c e   d e f i n i n g ,   in  s u c c e s s i o n ,   a  

p r e s s i n g   s u r f a c e   and  a  c o n f i n i n g   s u r f a c e ,   s a i d   p r e s s i n g  

s u r f a c e   a d a p t e d   to  p r e s s   t he   web  a g a i n s t   t h e   r o l l  

s u r f a c e   to  draw  t he   web  f rom  s a i d   s u p p l y   means   and  d r i v e  

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

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

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

t r e a t m e n t   of  s a i d   web  can  o c c u r ,   and  r e t a r d i n g   m e a n s  

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

r e t a r d i n g   t he   m o v e m e n t   of  s a i d   web  in  s a i d   t r a v e l  

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

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

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

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

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

of  t h e   f i r s t   of  s a i d   s t e p s   d e f i n i n g   a  c o n c e n t r a t e d   d r i v e  

p r e s s u r e   p o i n t   by  w h i c h   t he   web  is   t i g h t l y   p r e s s e d  

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

t he   web  to  d raw  t he   web  f rom  s a i d   web  s u p p l y   m e a n s ,   s a i d  

f i r s t   s t e p   b e i n g   of  m i n o r   d i m e n s i o n   w h e r e b y   t h e   p o r t i o n  

of  s a i d   s u r f a c e   means   t h a t   e x t e n d s   d o w n s t r e a m   f rom  s a i d  

f i r s t   s t e p c o n f i n e s   t he   web  to  c o n t i n u e d   m o v e m e n t   on  t h e  

r o l l   in  a  r e l a t i v e l y   t e n s i o n l e s s   s t a t e ,   e s s e n t i a l l y  

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

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

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

t h e   p o r t i o n   of  s a i d   s u r f a c e   means   t h a t   e x t e n d s  

d o w n s t r e a m   f rom  s a i d   s e c o n d   s t e p   is   d i s c r e t e l y   e n l a r g e d  

to  d e f i n e   a  t r e a t m e n t   zone  in  w h i c h   l o n g i t u d i n a l  

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

r e l a t i v e   to  s a i d   d r i v e   r o l l ,   t h e   edge   of  s a i d   s e c o n d  



s t e p   a d a p t e d   to  d e f i n e   a  s e c o n d   c o n c e n t r a t e d   d r i v e  

p r e s s u r e   p o i n t   by  w h i c h   t he   web  is   t i g h t l y   p r e s s e d  

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

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

t r e a t m e n t   z o n e .  

48.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   47  w h e r e i n   b e y o n d   s a i d   f i r s t   s t e p  

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

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

t h a t   t h e   h e i g h t   of  s a i d   c o n f i n i n g   s u r f a c e   a b o v e   s a i d  

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

r e l a t i v e   to   t h e   t h i c k n e s s   of  t h e   web  p r o g r e s s i v e l y   a l o n g  

s a i d   t r a v e l   d i r e c t i o n ,   to  d e f i n e   a  s e r i e s   of  a d j a c e n t ,  

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

w h e r e b y ,   in  t he   p r e s e n c e   of  c h a n g e   in  c o n d i t i o n s   t h a t  

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

o c c u r s ,   t h e  m a j o r   p o i n t   of  t r e a t m e n t   c a n  o c c u r  

a l t e r n a t i v e l y   in  d i f f e r e n t   of  s a i d   s e r i e s   of  a d j a c e n t  

t r e a t m e n t   z o n e s .  

49.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45,  46,  47,   or  48  w h e r e i n   s a i d  

s u r f a c e   means   i s   d e f i n e d   by  a  s t a t i o n a r y   member  d e f i n i n g  

a  s e r i e s   of  e s s e n t i a l l y   p l a n a r   and  s m o o t h   l a n d s   j o i n e d  

by  s u c c e s s i v e   d i s c r e t e ,   m i n o r   r i s e r   p o r t i o n s   e x t e n d i n g  

a t   s u b s t a n t i a l   a n g l e s   to  s a i d   p l a n a r   l a n d s .  

50.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45,   46,  47  or  48  w h e r e i n   s a i d   s u r f a c e  

m e a n s   is   d e f i n e d   by  a  s h e e t   fo rm  m e t a l   member  h a v i n g  

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

51.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   50  w h e r e i n   s a i d   m e t a l   member  is   a  

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



52.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45,   46,   47  or  48  w h e r e i n   s a i d   s t e p s  

a r e   of  t h e   o r d e r   of  0 . 0 0 3   i n c h e s   h e i g h t .  

53.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   52  w h e r e i n   t h e   p o r t i o n s   of  s a i d  

s u r f a c e   means   e x t e n d i n g   b e t w e e n   a d j a c e n t   s t e p s   a r e   o f  

t h e   o r d e r   of  0 . 0 5 0   i n c h e s   in  l o n g i t u d i n a l   e x t e n t .  

54.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p a r a t u s   of  c l a i m   45,  46,   47  or  48  a d a p t e d   f o r   t r e a t m e n t  

of  a  p r e d e t e r m i n e d   web  m a t e r i a l ,   w h e r e i n   t h e   h e i g h t   o f  

e a c h   s t e p   is  no  more   t h a n   a b o u t   one  t h i r d   of  t h e  

t h i c k n e s s   of  t h e   m a t e r i a l .  

55.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45,  46,  or  47  w h e r e i n   s a i d   s u r f a c e  

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

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

56.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   45,  46,  47  or  48  w h e r e i n   s a i d  

r e t a r d i n g   means   d e f i n e s   a  s u r f a c e   f o l l o w i n g   s a i d  

c o n f i n i n g   s u r f a c e ,  t h e   member  d e f i n i n g   t h e   end  of  s a i d  

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

the   t h i c k n e s s   of  t he   web,   w h e r e b y   t h e   end  p o r t i o n   o f  

s a i d   member  e n a b l e s   t r a n s f e r   of  t h e   m a t e r i a l   f rom  u n d e r  

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

w i t h o u t   s u b s t a n t i a l   c h a n g e   in  p a s s a g e   d i m e n s i o n .  

57.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   56  w h e r e i n   t he   t h i c k n e s s   of  t he   e n d  

of  s a i d   member  is  of  t he   o r d e r   of  0 . 0 0 3   i n c h .  



58.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   56  w h e r e i n   s a i d   r e t a r d i n g   m e a n s  

c o m p r i s e s   a  s t a t i o n a r y   s h e e t   fo rm  member  o v e r l y i n g   s a i d  

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

t h e   member  d e f i n i n g   t he   end  of  s a i d   c o n f i n i n g   s u r f a c e  

a d a p t e d   to  d i r e c t   t h e   web  i n t o   s a i d   r e t a r d i n g   p a s s a g e   i n  

a  d i r e c t i o n   s u b s t a n t i a l l y   p a r a l l e l   to  t he   s u r f a c e   o f  

s a i d   r e t a r d i n g   m e m b e r .  

59.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   58  w h e r e i n   s a i d   s t a t i o n a r y  s h e e t   f o r m  

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

60.  The  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

a p p a r a t u s   of  c l a i m   56  in  w h i c h   t h e r e   i s   a  s h e e t   f o r m  

member  of  s p r i n g   s t e e l   w h i c h   has  a  p o r t i o n   l y i n g   o v e r  

s a i d   s u r f a c e   means   and  a  p o r t i o n   w h i c h   e x t e n d s  

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

f rom  member  p o s i t i o n e d   to  t r a n s m i t   d o w n w a r d   p r e s s u r e   t o  

web  u n d e r   s a i d   c o n f i n i n g   s u r f a c e   and  s a i d   r e t a r d i n g  

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

of  s a i d   s h e e t   fo rm  member  p r o v i d i n g   an  i n t e g r a l   f l e x i b l e  

h i n g e ,   s a i d   n o t c h   p o s i t i o n e d   on  the   u p p e r   s u r f a c e   o f  

s a i d   s h e e t   f rom  m e m b e r ,   in  t he   r e g i o n   b e t w e e n   s a i d  

c o n f i n i n g   and  s a i d   r e t a r d i n g   s u r f a c e s ,   and  s e r v i n g   t o  

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

p r o v i d e   r e l a t i v e   f o r c e   i s o l a t i o n   of  s a i d   two  p o r t i o n s  
w h i l e   p r o v i d i n g  a   c o n t i n u o u s   and  f l e x i b l e   t r a n s i t i o n  

t h e r e b e t w e e n .  

61.   The  a p p a r a t u s   of  c l a i m   60  w h e r e i n   a  

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

i  s a i d   s h e e t   form  member  a t   s a i d   r e t a r d i n g   s u r f a c e   a n d  

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

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

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



62.  In  a  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

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

w i t h   a  g r i p p i n g   s u r f a c e   f o r   e n g a g i n g   a  s u r f a c e   of  t h e  

web,   s u r f a c e   means   o v e r l y i n g   s a i d   r o l l   s u r f a c e   d e f i n i n g  
t h e r e w i t h   a  p r e s s i n g   and  c o n f i n i n g   p a s s a g e   f o r   p r e s s i n g  
the   web  a g a i n s t   t h e   r o l l   s u r f a c e   to  d r i v e   t h e   w e b  

f o r w a r d   in  a  l o n g i t u d i n a l   t r a v e l   d i r e c t i o n ,   a n d  

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

r e t a r d i n g   p a s s a g e   f o r   r e t a r d i n g   t he   m o v e m e n t   of  s a i d   w e b  

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

a c c u m u l a t e ,   w h e r e b y   u n t r e a t e d   m a t e r i a l   c a n  

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

m a t e r i a l ,   t h e r e   b e i n g   a  s h e e t   form  member   of  s p r i n g  

s t e e l   w h i c h   has  a  p o r t i o n   l y i n g   o v e r   s a i d   s u r f a c e   m e a n s  
and  a  d o w n s t r e a m   p o r t i o n   w h i c h   e x t e n d s   t h e r e b e y o n d   a l o n g  
s a i d   r e t a r d i n g   p a s s a g e ,   s a i d   s h e e t   fo rm  m e m b e r  

p o s i t i o n e d   to  t r a n s m i t   downward   p r e s s u r e   to  web  in  s a i d  

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

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

p r o v i d e d   in  t he   u p p e r   s u r f a c e   of  s a i d   s h e e t   fo rm  m e m b e r  

p r o v i d i n g   an  i n t e g r a l   f l e x i b l e   h i n g e ,   s a i d   n o t c h  

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

m e m b e r ,   in  t he   r e g i o n   b e t w e e n   s a i d   p r e s s i n g   a n d  

c o n f i n i n g   p a s s a g e   and  s a i d   r e t a r d i n g   p a s s a g e ,   a n d  

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

member  to  p r o v i d e   r e l a t i v e   f o r c e   i s o l a t i o n   of  s a i d   t w o  

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

t r a n s i t i o n   t h e r e b e t w e e n .  



63.  The  a p p a r a t u s   of   c l a i m   62  w h e r e i n   s a i d  

r e t a r d i n g   p a s s a g e   i s   d e f i n e d   on  one  s i d e   by  t h e   s u r f a c e  

of  s a i d   r o l l   and  on  t h e   o t h e r   s i d e   by  a  s t a t i o n a r y  

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

s t e e l   s h e e t   member   a r r a n g e d   to  p r e s s   s a i d   s t a t i o n a r y  

r e t a r d i n g   s u r f a c e   a g a i n s t   t h e   f a c e   of  t h e   web  w h i l e  

a c c o m m o d a t i n g   b l o o m i n g  e x p a n s i o n   of  t h e   web  w i t h o u t  

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

p a s s a g e .  

64.  The  a p p a r a t u s   of  c l a i m   53  w h e r e i n   s a i d  

r e t a r d i n g   p a s s a g e   i s   d e f i n e d   on  one  s i d e  b y  a   s t a t i o n a r y  

r e t a r d e r   h e l d   a d j a c e n t   t o  s a i d   d r i v e n   r o l l   i n  a   p o s i t i o n  

to  d i v e r t   t h e   web  away  t h e r e f r o m ,   and  on  t h e   o t h e r   s i d e  

by  an  o p p o s e d   s u r f a c e ,   t h e   d o w n s t r e a m   p o r t i o n   of  s a i d  

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

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

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

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



65.  In  a  l o n g i t u d i n a l   c o m p r e s s i v e   t r e a t m e n t  

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

w i t h   a  g r i p p i n g   s u r f a c e   f o r   e n g a g i n g   a  s u r f a c e   of  t h e  

web,   s u r f a c e   means   o v e r l y i n g   s a i d   r o l l   s u r f a c e   d e f i n i n g  

t h e r e w i t h   a  p r e s s i n g   and  c o n f i n i n g   p a s s a g e   f o r   p r e s s i n g  

t h e   web  a g a i n s t   t he   r o l l   s u r f a c e   to  d r i v e   t h e   w e b  

f o r w a r d   in  a  l o n g i t u d i n a l   t r a v e l   d i r e c t i o n ,   a n d  

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

r e t a r d i n g   p a s s a g e   f o r   r e t a r d i n g   t he   m o v e m e n t   of  s a i d   w e b  

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

a c c u m u l a t e ,   w h e r e b y   u n t r e a t e d   m a t e r i a l   c a n  

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

m a t e r i a l ,   t h e r e   b e i n g   a  s h e e t   f rom  member  of  s p r i n g  

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

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

s a i d   r e t a r d i n g   p a s s a g e ,   s a i d   s h e e t   f rom  m e m b e r  

p o s i t i o n e d   to  t r a n s m i t   downward   p r e s s u r e   to  web  in  s a i d  

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

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

e n v e l o p e   e x t e n d s   o v e r   t he   d o w n s t r e a m   p o r t i o n   of  s a i d  

s h e e t   fo rm  member   a l o n g   s a i d   r e t a r d i n g   p a s s a g e   and  m e a n s  

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

c o n t r o l l a b l y   v a r y   t h e   r e t a r d i n g   p r e s s u r e   e x e r t e d   in  t h e  

r e t a r d i n g   p a s s a g e   a g a i n s t   s a i d   w e b .  

66.  The  a p p a r a t u s   of  c l a i m   65  w h e r e i n   a  

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

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

r e a c t   a g a i n s t   s a i d   r e a c t i o n   member  w h e r e b y   t h e   e f f e c t   o f  

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

s a i d   s h e e t   fo rm  m e m b e r .  



67.  The  m a c h i n e   of  c l a i m   65  or  66  w h e r e i n   s a i d  

d o w n s t r e a m   p o s t i o n   of  s a i d   s h e e t   fo rm  member  c a r r i e s   a n  

a b r a s i v e   s u r f a c e   e n g a g i n g   t he   f a c e   of  t h e   web,   s a i d  

s h e e t   f rom  member  s e r v i n g   to  s p r e a d   p r e s s u r e   of  s a i d  

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

s u r f a c e .  

68.  The  m a c h i n e   of  c l a i m   65  or  66  w h e r e i n   t o  

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

r a n g e   of  o p e r a t i n g   p r e s s u r e s   s a i d   s h e e t   f rom  member  o f  

s p r i n g   m e t a l   has   a  t h i c k n e s s   of  a t   l e a s t   . 0 1 0 " .  

69.  A  u n i v e r s a l   c a v i t y - d e f i n i n g   member  f o r   u s e  

in  t h e   d r i v e   and  t r e a t m e n t   r e g i o n   of  a  m i c r o c r e p e r ,   s a i d  

member   a d a p t e d   to  be  h e l d   o v e r   a  d r i v e   r o l l   and  p r e s s e d  

t h e r e a g a i n s t   by  p r e s s i n g   m e a n s ,   s a i d   m e m b e r  

c h a r a c t e r i z e d   by  a  p l u r a l i t y   of  s u c c e s s i v e   s p a c e d   a p a r t  

s t e p s   h a v i n g   a  d e p t h   of  t he   o r d e r   of  .003   i n c h e s   e a c h .  

70.   A  t e x t i l e   f a b r i c   f o r m e d   f rom  a  u n i f o r m  

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

r e g i o n s   in  w h i c h   t h e   f a b r i c   is   t i g h t l y   c o m p a c t e d   in  i t s  

own  p l a n e   and  l e s s   f l a t ,   and  i n t e r v e n i n g   b u b b l e   r e g i o n s  

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

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

in  t he   f rom  of  s u c c e s s i v e   b u b b l e s .  

71.   The  t e x t i l e   f a b r i c   of  c l a i m   70  s u i t a b l e  

f o r   c h i l d ' s   c l o t h e s ,   c o m p r i s e d   of  t u b u l a r   k n i t   h e a t  

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

p e r m a n e n t   as  a  r e s u l t   of  h e a t   s e t t i n g .  

72 .   The  t e x t i l e   f a b r i c   of  c l a i m   71  in  w h i c h  

s a i d   f a b r i c   i s   100  p e r c e n t   p o l y e s t e r   and  has   a  c o m p a c t e d  

w e i g h t   of  t h e   o r d e r   of  4 .5   s q u a r e   y a r d s   pe r   p o u n d ,   a n d  

a v e r a g e s   a b o u t   25  c o u r s e s   pe r   i n c h   a f t e r   c o m p a c t i n g .  
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