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(54)  High  tensile  wrapping  process. 
@  A  film  web  (58)  is  dispensed  from  a  film  web  dispenser 
(70)  and  wrapped  around  a  bundle  (40)  by  moving  the  bundle 
into  an  applicator  mandrel  (180),  revolving  the  film  web  dis- 
penser  (70)  relative  to  the  applicator  mandrel  (180),  dispens- 
ing  the  film  web  (58)  from  the  film  web  dispenser  (70)  on  to 
the  applicator  mandrel  (180)  at  a  constant  supply  speed.  The 
film  web  (58),  wrapped  around  the  applicator  mandrel  (180), 
is  transported  beyond  the  downstream  end  of  the  applicator 
mandrel  (180),  the  bundle  (40)  is  moved  beyond  the  down- 
stream  end  of  the  applicator  mandrel  (180)  and  the  film  web 
(58)  is  applied  from  the  applicator  mandrel  (180)  onto  the 
bundle  (40)  so  as  provide  a  containment  force  in  the  film  web 
(58)  after  it  is  applied  onto  the  bundle  (40).  A  duel  stage 
wrapping  system  is  used  in  such  a  manner  that  each  orbiting 
dispenser  (70)  is  restrained  to  dispense  the  film  web  at  a  con- 
stant  supply  speed  less  than  the  lowest  film  demand  speed  at 
the  applicator  mandrel  (180)  and  independent  of  the  tension 
on  the  film  web  between  the  film  web  dispenser  (70)  and  the 
applicator  mandrel  (180).  The  applicator  mandrel  (180)  is  pos- 
itioned  to  resist  crushing  or  disalignment  of  the  bundle  (40)  or 
subunits  of  the  bundle  within  the  applicator  mandrel  (180) 
and  also  modifies  its  position  to  modify  the  wrapping  cross- 
section  of  the  bundle  (40)  so  that  the  web  strain  elongation 
varies  substantially  within  a  linear  wrap  force  range  above 
the  yield  point  of  the  stress  strain  characteristics  of  the  film 
web  between  the  film  web  dispenser  (70)  and  the  applicator 
mandrel  (180). 
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RELATED  A P P L I C A T I O N  

'.  T h i s   a p p l i c a t i o n   is  a  c o n t i n u a t i o n - i n - p a r t   of  c o p e n d i n g  

;  a p p l i c a t i o n   S e r i a l   No.  5 8 2 , 7 7 9   w h i c h   is  i n c o r p o r a t e d   by  r e f e r e n c e  

j  i n t o   t h i s   a p p l i c a t i o n .  

BACKGROUND  OF  THE  INVENTION 

.  I.   FIELD  OF  THE  INVENTION 

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

d l e s   w i t h   s t r e t c h e d   f i l m   web  and  more   p a r t i c u l a r l y ,   a  p r o c e s s   o f  

,  u n i t i z i n g   a  b u n d l e   h a v i n g   a  p l u r a l i t y   of  b u n d l e   u n i t s   a t   e x -  

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

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

■:  I I .   DESCRIPTION  OF  THE  RELATED  ART 
•i 
;  I t   has   become  p o p u l a r   to   p a c k a g e   p r o d u c t s   i n t o   b u n d l e s   b y  

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

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

t h e   b u n d l e   u n d e r   t e n s i o n   w h i l e   u n i t i z i n g   and  c o v e r i n g   t h e   b u n d l e .  

For  a  f i l m   web  w r a p p i n g   p r o c e s s   to  be  c o m m e r c i a l l y   c o m p e t i -  

t i v e ,   i t   ha s   been   i n c r e a s i n g l y   n e c e s s a r y   to   w r a p   b u n d l e s   a t   a  

v e r y   h i g h   t h r o u g h p u t .   T h i s   is   e s p e c i a l l y   t r u e   f o r   b u s i n e s s   e n -  

!  t e r p r i s e s   w h i c h   need   to   w r a p   l a r g e   n u m b e r s   of  b u n d l e s   h a v i n q   a  
(I 
|j  u n i f o r m   c r o s s - s e c t i o n a l   s h a p e .   The  c o n v e n t i o n a l   c r o s s - s e c t i o n a l  

;  s h a p e   is  r e c t a n g u l a r   in  o r d e r   to   e c o n o m i z e   s h i p p i n g   s p a c e   and  f a -  

il  c i l i t a t e   s t a c k i n g .   Due  to   c o r n e r   v a r i a t i o n s   w h i c h   c h a n g e   t h e   e f -  

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

f l u c t u a t i o n   in  i t s   d e m a n d   f o r   f i l m   veb   as  t h e   f i l m   web  is  w r a p p e d  

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

G e n e r a l   B a c k g r o u n d   to   P r o b l e m s   Wi th   V a r y i n g  
Demand  R a t e s   D u r i n g   W r a p p i n g  

F i g s .   1 0 - 1 2   show  t h e   f l u c t u a t i o n   in  f i l m   d e m a n d   due  to  b u n -  

d l e   s h a p e   v a r i a t i o n s   s u c h   as  c o r n e r s .   A  b u n d l e   40  is   c e n t e r e d   o n  

a x i s   Y.  A  f i l m   veb   d i s p e n s e r   70  is  r e v o l v e d   a r o u n d   a x i s   Y  at   a  

c o n s t a n t   a n g u l a r   v e l o c i t y   and  a t   a  c o n s t a n t   d i s t a n c e   f rom  a x i s   Y 

to  wrap   f i l m   web  58,  m o v i n g   in  d i r e c t i o n   D  a r o u n d   s t a t i o n a r y  

b u n d l e   40.   The  e f f e c t i v e   w r a p p i n g   r a d i u s   i n c r e a s e s   f r o m   A  to  B 

d u r i n g   t h e   p r o g r e s s i o n   b e t w e e n   F i g s .   10  and  11  and  d e c r e a s e s   t o  

r a d i u s   C  b e t w e e n   F i g s .   11  and  12.  The  e f f e c t i v e   w r a p p i n g   r a d i i  

A,  B,  and  C  e x t e n d   b e t w e e n   c e n t e r   of  r e v o l u t i o n   Y  and   t a n g e n t   T ,  

and  if  r o t a t e d ,   f o r m   c i r c l e s   J ,   K,  and  L,  r e s p e c t i v e l y .  

U n d e r   c o n s t a n t   a n g u l a r   v e l o c i t y   of  f i l m   web  d i s p e n s e r   7 0 ,  

t h e   f i l m   veb   d e m a n d   r a t e   is  p r o p o r t i o n a l   to   t h e   e f f e c t i v e  

w r a p p i n g   r a d i u s .   F i g .   10  s h o w s   a  m in imum  d e m a n d   r a t e   w h e r e   t h e  

w i d e r   s i d e   of  an  o b l o n g   b u n d l e   has   j u s t   b e e n   w r a p p e d .   F i g .   11 

•  s h o w s   a  maximum  d e m a n d   r a t e   v h e r e   t h e   f i l m   e n g a g e s   a  c o r n e r .  

F i g .   12  shows   a  s e c o n d a r y   min imum  d e m a n d   r a t e   w h e r e   t h e   n a r r o w e r  

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

min imum  d e m a n d   r a t e   is  l e s s   t h a n   t h e   maximum  d e m a n d   r a t e   shown  i n  

F i g .   11,  b u t   g r e a t e r   t h a n   t h e   min imum  d e m a n d   r a t e   s h o w n   in  F i g .  

V  OFFICES 
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.',  10  b e c a u s e   e f f e c t i v e   r a d i u s   C  is  g r e a t e r   t h a n   e f f e c t i v e   r a d i u s   A 

.  i 
■j  due  to   t h e   o b l o n g   s h a p e   of  t h e   b u n d l e .  

The  r e l a t i o n   b e t w e e n   d e m a n d   r a t e   or  s p e e d   and  t i m e   is  s h o w n  
i 

in  F i g .   5.  The  maximum  d e m a n d   r a t e   or  s p e e d   e x i s t i n g   a t   t h e   c o r -  
i 

•'  n e r s   in  t h e   c o n d i t i o n   shown  in  F i g .   11  is  i n d i c a t e d   by  m a x i m u m  
■  i 
I  p o i n t s   154  in  F i g .   5.  Minimum  demand   r a t e s   or   s p e e d s   in  t h e  

:  p o s i t i o n s   shown  in  F i g s .   10  and  12  a r e   i n d i c a t e d   by  m i n i m u m  

'  
p o i n t s   152  in  F i g .   5 .  

;  If  f i l m   web  58  is  d i s p e n s e d   f rom  f i l m   web  d i s p e n s e r   70  at  a  

'  c o n s t a n t   s u p p l y   r a t e   s u c h   as  t h a t   shown  in  F i g .   6,  t h e   f i l m   w e b  

!  s t r e t c h e d   b e t w e e n   f i l m   web  d i s p e n s e r   70'  and  b u n d l e   40  w o u l d   f o l -  

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

!  t h e   p a t t e r n   of  t h e   demand   r a t e   o v e r   t i m e .   Such   a  p a t t e r n   o f  

j  e l o n g a t i o n   o v e r   t i m e   is  shown  in  F i g .   7.  T h i s   e l o n g a t i o n   p a t t e r n  
i 
;  of  F i g .   7  is  s i m i l a r   to  t h e   demand   r a t e   p a t t e r n   shown  in  F i g .   5 .  

E l o n g a t i o n   maximums  144  c o r r e s p o n d   to  demand   r a t e   max imums   1 5 4 .  

j  E l o n g a t i o n   m i n i m u m s   142  c o r r e s p o n d   to  demand   r a t e   m i n i m u m s   1 5 2 .  

':  D u r i n g   w r a p p i n g ,   b u n d l e   e d g e s   i s o l a t e   t e n s i o n   on  e a c h   f i l m  

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

j  a p p l i e d   to  a d j a c e n t   s u r f a c e s .   The  e f f e c t i v e   c o n t a i n m e n t   f o r c e   o n  

j  t h e   b u n d l e   is  l o c k e d   in  j u s t   as  i t   c o v e r s   a  b u n d l e   s u r f a c e   in  t h e  

j  p o s i t i o n s   shown  in  F i g s .   10  and  12.  T h e r e f o r e ,   t h e   l o c k i n g   in  o f  

I  1  c o n t a i n m e n t   f o r c e   o c c u r s   w h e r e   t h e   demand   r a t e   and  f o r c e   on  t h e  

f i l m   is  l o w e s t   in  t h e   w r a p p i n g   c y c l e .  
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I t   can  be  a p p r e c i a t e d   t h a t   in  t h e   a r r a n g e m e n t   s h o w n   in  F i g s .  

1 0 - 1 2 ,   when  t h e   b u n d l e   is  o f f - c e n t e r   r e l a t i v e   to   r o t a t i o n   a x i s   Y,  

t h e   demand   r a t e   and  wrap   f o r c e s   w o u l d   f l u c t u a t e   e v e n   more   w i d e l y  

b e t w e e n   a  maximum  and  a  min imum  f o r   e a c h   s i d e   of  t h e   b u n d l e   d u e  

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

W i t h i n   t h e   c o n t e x t   of  t h i s   v a r y i n g   demand   r a t e   due   to  b u n -  

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

t r o l   t h e   r a t e   at   w h i c h   t h e   f i l m   web  is   d i s p e n s e d   f r o m   t h e   f i l m  

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

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

r u p t u r e   at   e x c e s s i v e l y   h i g h   s t r e s s e s .   A  v a r y i n g   f i l m   web  d e m a n d  

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

maximum  mus t   no t   r u p t u r e   t h e   f i l m ,   w h i l e   t he   s t r e s s - s t r a i n   m i n i -  

mum  is  t h e   c o n t a i n m e n t   f o r c e   l o c k e d   in  a f t e r   w r a p p i n g .   In  o r d e r  

t o   h a v e   any  c o n t a i n m e n t   f o r c e ,   t he   min imum  mus t   e x c e e d   z e r o  

s t r e s s .  

Demand  F o r c e   C o n t r o l l e d   S u p p l y   R a t e   S y s t e m s  

At  s l o w   f i l m   web  s u p p l y   r a t e s ,   t h e   f o r c e   on  t h e   f i l m   web  b e -  

t w e e n   t he   f i l m   web  d i s p e n s e r   and  t h e   b u n d l e   g e n e r a l l y   p r o p o r t i o n -  

a l   to  t h e   v a r y i n g   d e m a n d   r a t e .   T h e r e f o r e ,   e a r l y   f i l m   web  d i s -  

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

t h e   f o r c e   on  t h e   f i l m   web.   Then  t h e y   v a r i e d   t h e   f i l m   web  s u p p l y  

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

f i l m   web  f rom  t h e   d i s p e n s e r   f o l l o w e d   t h e   demand   r a t e   f o r   t h e   f i l m  
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web  c a u s e d   by  t h e   c o r n e r   v a r i a t i o n s   of  t h e   b u n d l e .   By  m a i n t a i n -  

ing  a  c o n s t a n t   f o r c e   on  t h e   f i l m   web,   t h e   s t r e s s - s t r a i n   v a l u e s  

f o r   t he   f i l m   web  c o u l d   be  k e p t   c o n s t a n t   o v e r   t i m e   and  t h e r e f o r e  

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

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

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

a r r a n g e m e n t   a r e   s e e n   in  F i g s .   23,  24  and  2 5 .  

H o w e v e r ,   t h e r e   a r e   m a j o r   d r a w b a c k s   in  c o n t r o l l i n g   f i l m   w e b  

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

f i l m   web  due  to  t h e   v a r y i n g   d e m a n d   r a t e   of  a  n o n - c i r c u l a r   c r o s s -  

s e c t i o n e d   b u n d l e .   The  f i r s t   d r a w b a c k   is  t h a t   any  i m p e r f e c t i o n  

s u c h   as  a  h o l e   in  t he   f i l m   web  r e d u c e s   t h e   a r e a   o v e r   w h i c h   t h e  

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

r e m a i n i n g   c r o s s - s e c t i o n a l   a r e a   of  t h e   f i l m   web.   The  h o l e   is  f u r -  

t h e r   e l o n g a t e d   and  e n l a r g e d   b e c a u s e   t h e   c o n t r o l   s y s t e m   a u t o m a t -  

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

d i f f e r e n c e   b e t w e e n   t he   s u p p l y   and  d e m a n d   s p e e d s   f i n a l l y   r u p t u r e s  

t he   f i l m .  

The  s e c o n d   d r a w b a c k   o c c u r s   when  t h e   f i l m   web  is  d i s p e n s e d   a t  

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

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

t h e   f i l m   web  d i s p e n s e r   and  t h e   b u n d l e   c a u s e   a  p h a s e   d e l a y   or   l a g  

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

p h a s e   d e l a y   has   i t s   w o r s t   d r a w b a c k s   when  t h e   s u p p l y   r a t e   l a g s   t h e  

!i 
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demand   r a t e   s u c h   t h a t   t h e   s u p p l y   r a t e   is  i n c r e a s i n g   w h i l e   t h e   d e -  

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

t h e   d e m a n d   r a t e   is  i n c r e a s i n g .   R a t h e r   t h a n   e q u a l i z i n g   t h e   f o r c e  

on  t h e   f i l m   o v e r   t i m e   due  to  t h e   v a r i a t i o n s   in  demand   r a t e ,   s u c h  

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

t i o n   on  t h e   f i l m   web,   t h e r e b y   r u p t u r i n g   t h e   f i l m   w e b .  

S p e e d   C o n t r o l l e d   S u p p l y   R a t e   S y s t e m s  

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

f i l m   d i s p e n s e r   due  to   t h e   v a r i a t i o n s   in  d e m a n d   r a t e   was  d e v e l o p e d  

in  o r d e r   to   o v e r c o m e   t h e   d r a w b a c k s   of  t h e   f o r c e   c o n t r o l l e d  

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

web,   was  d e s i g n e d   to   v a r y   t h e   s u p p l y   r a t e   of  t h e   f i l m   w e b  

a c c o r d i n g   to  t h e   known  s u p p l y   r a t e   w h i c h   w o u l d   be  r e q u i r e d   t o  

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

web  d i s p e n s e r ' s   r e v o l u t i o n   a b o u t   t h e   b u n d l e .   By  no t   s e n s i n g  

f o r c e ,   t h e   f i l m   web  was  no t   r u p t u r e d   due  to  t h e   d r a w b a c k s   c a u s e d  

by  i t s   i m p e r f e c t i o n s .   In  a d d i t i o n ,   p h a s e   d e l a y   d r a w b a c k s   w e r e  

a v o i d e d   a t   s o m e w h a t   h i g h e r   s p e e d s .   H o w e v e r ,   as  t he   s p e e d   of  t h e  

f i l m   web  d i s p e n s e r   was  f u r t h e r   i n c r e a s e d ,   an  i n o r d i n a t e   a m o u n t   o f  

p o w e r   was  r e q u i r e d   in  o r d e r   to   more   q u i c k l y   a c c e l e r a t e   a n d  

';  
d e a c c e l e r a t e   t h e   f i l m   web  s u p p l i e d   f rom  t h e   f i l m   web  d i s p e n s e r .  

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

'  
a c c o r d i n g   to  d i s p e n s e r   p o s i t i o n   w e r e   u n a b l e   to   a t t a i n   h i g h   f i l m  

web  s u p p l y   s p e e d s   as  w e l l .  
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■  S t r e s s - S t r a i n   C h a r a c t e r i s t i c s   of  F i l m   Webs  

•|  As  shown  in  F i g .   8,  f i l m   webs  e x h i b i t   a  s t r e s s - s t r a i n   c u r v e  
» 

j  h a v i n g   a  s t e e p   i n i t i a l   l i n e a r   p o r t i o n   140E  w h e r e   e l a s t i c   b e h a v i o r  

:  is  p r e s e n t   and  a  g r a d u a l   s e c o n d   l i n e a r   p o r t i o n   140P  w h e r e   p l a s t i c  

:|  b e h a v i o r   is  p r e s e n t .   In  b e t w e e n   t h e s e   two  l i n e a r   r a n g e s   is  a n  

:!  i n t e r m e d i a t e   r a n g e   or  r e g i o n   on  t h e   s t r e s s - s t r a i n   c u r v e   c o m m o n l y  
'  known  as  t h e   y i e l d   p o i n t   1 4 1 .   I t   is  in  t h e   r a n g e   of  t h i s   y i e l d  

=:  p o i n t   t h a t   t h e   s t r e s s - s t r a i n   b e h a v i o r   of  t he   f i l m   web  c h a n g e s   b e -  

j  t w e e n   s u b s t a n t i a l l y   e l a s t i c   to  p l a s t i c .   F i l m   webs  s t r e t c h e d  

!j  a b o v e   y i e l d   p o i n t   g a i n   s i g n i f i c a n t l y   in  m o d u l u s   and  u l t i m a t e  

;|  s t r e n g t h .   For   i n s t a n c e ,   a  low  d e n s i t y   p o l y e t h y l e n e   f i l m   web  w i l l  

|!  i n c r e a s e   i t s   u l t i m a t e   s t r e n g t h   in  p o u n d s   p e r   s q u a r e   i n c h   o f  

;j  c r o s s - s e c t i o n a l   a r e a   by  300%  a f t e r   b e i n g   e l o n g a t e d   a p p r o x i m a t e l y  

,j  300%.  T h e r e f o r e ,   c u r r e n t   s t r e t c h   w r a p p i n g   o p e r a t i o n s   u se   p r e -  

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

c o u r s e .  

;  S t r e s s - s t r a i n   c u r v e s   a r e   d e p e n d e n t   upon  t h e   end  c o n d i t i o n s  

I  of  t he   f i l m   web  and  t h e   p r e v i o u s   h i s t o r y   of  s t r e s s   and  s t r a i n   i n  

j  t h e   f i l m   web.  For  e x a m p l e ,   in  t he   a r r a n g e m e n t   shown  in  F i g .   1 0 ,  

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

i  r o l l e r s   a  and  b  in  t h e   p r e - s t   r e t c h   s u b s y s t e m   of  t h e   f i l m   web  d i s -  

:  p e n s e r   70  is  d i f f e r e n t   a l t h o u g h   g e n e r a l l y   s i m i l a r   in  s h a p e   to  t h e  

j  s t r e s s - s t r a i n   c u r v e   of  t h e   f i l m   web  b e t w e e n   t h e   more  g r e a t l y  

.!  s p a c e d   d o w n s t r e a m   r o l l e r   b  and  b u n d l e   4 0 .  
■  j 
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If  an  u n s t r e t c h e d   f i l m   web  is  s t r e t c h e d   f rom  t h e   p o i n t   o f  

o r i g i n   0  a l o n g   the   e l a s t i c   p o r t i o n   140E  of  t h e   s t r e s s - s t r a i n  

c u r v e   to   a  p o i n t   no  f u r t h e r   t h a n   y i e l d   p o i n t   141 ,   t h e   f i l m   w e b  

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

c u r v e   140E  when  the   s t r e t c h   f o r c e   is  r e d u c e d   or  r e m o v e d ,   a n d  

w i l l   o n c e   a g a i n   have   z e r o   s t r a i n   a t   z e r o   f o r c e .  

H o w e v e r ,   i f   t he   f i l m   web  is  s t r e t c h e d   b e y o n d   y i e l d   p o i n t   1 4 1  

so  t h a t   i t   r e a c h e s   a  p o i n t   on  t h e   p l a s t i c   p o r t i o n   140P  of  t h e  

c u r v e   s u c h   as  p o i n t   148 ,   t he   f i l m   web  b e h a v i o r   a f t e r   t h e   f o r c e   i s  

r e d u c e d   or   r e m o v e d   w i l l   be  to  p r o g r e s s   down  c u r v e   150  r a t h e r   t h a n  

r e t u r n i n g   b a c k   a l o n g   c u r v e   140P  and  140E .   If   t h e   f o r c e   is  now 

t o t a l l y   r e m o v e d ,   t he   f i l m   web  w i l l   e x h i b i t   a  p e r m a n e n t   p o s i t i v e  

e l o n g a t i o n   i n d i c a t e d   by  p o i n t   1 6 0 .  

P r e s t r e t c h   D e v i c e s  

In  s e e k i n g   to  d e c r e a s e   t h e   a m o u n t   of  f i l m   web  n e e d e d   f o r   a  

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

p r e - s t r e t c h   t h e   f i l m   web  in  t h e   f i l m   web  d i s p e n s e r   u n d e r   c o n -  

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

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

e l o n g a t e d   f i l m   w i t h   good   s t r e n g t h   c h a r a c t e r i s t i c s .   As  shown  i n  

F i g .   10 ,   f i l m   web  d i s p e n s e r   70  i n c l u d e s   a  p r e - s t r e t c h   s y s t e m  

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

:  t h e   f i l m   web  f rom  t he   demand   r a t e   v a r i a n c e s   g e n e r a t e d   by  t h e   b u n -  

d l e .   U p s t r e a m   r o l l e r   a  is  c o n v e n t i o n a l l y   c o n n e c t e d   to  d o w n s t r e a m  
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,  r o l l e r   b  by  a  c o n s t a n t   r a t i o   g e a r   t r a i n   w i t h   a  m e c h a n i c a l   a d v a n -  

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

s t r e a m   r o l l e r   a  and  t h e r e b y   s t r e t c h   t h e   f i l m   web  b e t w e e n   r o l l e r s  i; 
a  and  b .  

H o w e v e r ,   c o n v e n t i o n a l   a t t e m p t s   to  i n c r e a s e   t h e   f o r c e   on  t h e  

:  f i l m   b e t w e e n   t he   f i l m   web  d i s p e n s e r   and  t h e   b u n d l e   r e s u l t e d   i n  

b r e a k i n g   t he   f i l m   web.   T h e r e f o r e ,   in  o r d e r   to  a v o i d   r u p t u r i n g  

■  t h e   f i l m   web  a f t e r   p r e - s t r e t c h i n g   i t   in  t h e   f i l m   web  d i s p e n s e r ,  

,  i t   has   been   c o n v e n t i o n a l   to   s u p p l y   t h e   f i l m   web  f rom  t h e   d i s -  
1  p e n s e r   to  t he   b u n d l e   at   a  s u p p l y   r a t e   g r e a t e r   t h a n   t h e   m a x i m u m  

;  demand   r a t e   at   t he   b u n d l e   so  t h a t   t h e   f i l m   web  r e c o v e r s   or  r e -  

I  d u c e s   i t s   e l o n g a t i o n   to  a  v a l u e   l e s s   t h a n   t h e   e l o n g a t i o n   p r o v i d e d  
i 
j  by  t he   p r e - s t r e t c h   d e v i c e   in  t h e   s u p p l y   d i r e c t i o n .   In  a d d i t i o n ,  

!  t h e   wrap  f o r c e ,   or  f o r c e   on  t h e   f i l m   web  b e t w e e n   t h e   f i l m   w e b  

1  d i s p e n s e r   and  t h e   b u n d l e ,   is  c o n v e n t i o n a l l y   m a i n t a i n e d   at   a  v a l u e  
'  l e s s   t h a n   t he   p r e - s t r e t c h   f o r c e ,   or  f o r c e   on  t h e   f i l m   web  b e t w e e n  

t h e   r o l l e r s   in  t he   p r e - s t r e t c h   d e v i c e   of  t h e   f i l m   web  d i s p e n s e r .  

[  U n d e r   s u c h   c o n d i t i o n s ,   t h e   f i l m   web  w o u l d   e l a s t i c a l l y   r e c o v e r   t o  

:  a  p o i n t   a l o n g   r e c o v e r y   c u r v e   150  a f t e r   b e i n g   p r e - s t r e t c h e d   t o  

||  p o i n t   148.   T h e r e f o r e ,   t h e   w r a p   f o r c e   on  t h e   f i l m   web  b e t w e e n   t h e  

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

i|  minimum  142  and  a  maximum  143  on  r e c o v e r y   c u r v e   150  due  to  f  l u c -  

•|  t u a t i o n   in  demand   r a t e   c a u s e d   by  a  n o n - c i r c u l a r   b u n d l e .  
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In  o r d e r   to   k e e p   t h e   f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r  

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

c u r v e   150 ,   a  n u m b e r   of  s y s t e m s   h a v e   b e e n   d e v e l o p e d   w h i c h   use   a  

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

t h e   p r e - s t r e t c h   d e v i c e .   The  m o t o r   had   t h e   e f f e c t   of  d r i v i n g   t h e  

f i l m   f o r w a r d   f r o m   t h e   f i l m   web  d i s p e n s e r .   Such   m o t o r s   and  t h e i r  

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

mum  f i l m   web  s u p p l y   s p e e d   by  i n c r e a s i n g   s u p p l y   s p e e d   i f   i t   w e r e  

to  f a l l   b e l o w   a  p r e d e t e r m i n e d   min imum  s u p p l y   r a t e .   H o w e v e r ,   t h e y  

have   no t   had  t h e   c a p a b i l i t y   of  c o n t r o l l i n g   t h e   maximum  f i l m   w e b  

s u p p l y   s p e e d   b e c a u s e   i t   was  not   t h o u g h t   to  be  n e c e s s a r y .   W i t h  

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

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

t h e i r   s e t   max imum  c o n s t a n t   s u p p l y   s p e e d .   T h i s   s e t   up  an  o v e r r u n  

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

T h e r e f o r e ,   e v e n   t h o u g h   t he   p r e - s t r e t c h   a p p r o a c h   a c h i e v e d  

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

ry  b r a k i n g   d e v i c e s   w h i c h   were   o r i g i n a l l y   u s e d   to   s t r e t c h   t h e  

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

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

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

has   a l s o   b e e n   l i m i t e d   by  t h e   v a r i a t i o n   and  f o r c e s   c a u s e d   by  t h e  

c o n t o u r s   of  a  n o n - c i r c u l a r   b u n d l e   c r o s s - s e c t i o n .  
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F i l m   S p e e d   L i m i t e d :   D r a w b a c k s   of  O t h e r   C o n v e n t i o n a l  
Demand  F o r c e   C o n t r o l l e d   S u p p l y   R a t e   S y s t e m s  

| 

'  U .S .   P a t e n t   Nos .   4 , 3 0 2 , 9 2 0   and  4 , 3 i 7 , 3 2 2   d i s c l o s e   p r e -  
s t r e t c h   d i s p e n s e r s   in  w h i c h   c h a n g e s   in  t h e   d e m a n d   r a t e   due  t o  

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

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

r a t e   a c c o r d i n g   to  t h e   b u n d l e   d e m a n d   r a t e .   U .S .   P a t e n t   Nos .   ' 

4 , 3 8 7 , 5 4 8 ,   4 , 3 8 7 , 5 5 2   and  4 , 5 2 4 , 5 6 8   d i s c l o s e   t h e   use   of  c o n s t a n t  

;  p o s i t i v e   t o r q u e   s u p p l y   m o t o r s   w h i c h   d r i v e   t h e   f i l m   web  f o r w a r d   t o  

I  r e d u c e   t h e   f o r c e   and  e l o n g a t i o n   on  t h e   f i l m   web  b e t w e e n   t h e   d i s -  

;  p e n s e r   and  t he   b u n d l e   a f t e r   i t   has   been   p r e - s t r e t c h e d .   U . S .   P a t -  

ij  e n t   Nos .   4 , 5 0 3 , 6 5 8   and  4 , 5 1 4 , 9 5 5   d i s c l o s e   t h e   u se   of  v a r y i n g   p o s -  

:|  i t i v e   t o r q u e   s u p p l y   m o t o r s   w h i c h   d r i v e   t he   f i l m   web  f o r w a r d   t o  

:  r e d u c e   and  u n i f y   o v e r   t i m e   t h e   f o r c e   and  e l o n g a t i o n   on  t h e   f i l m  

!  web  b e t w e e n   t he   d i s p e n s e r   and  t h e   b u n d l e   a f t e r   i t   has   b e e n   p r e -  
s t r e t c h e d .   H o w e v e r ,   a l l   t h e s e   s y s t e m s   a r e   i n o p e r a b l e   a t   h i g h  

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

■  v e l o c i t i e s   a b o v e   a r o u n d   25  r e v o l u t i o n s   p e r   m i n u t e .   T h i s   l i m i t a -  

!  t i o n   is  due  to  t h e   d r a w b a c k s   of  demand   f o r c e   c o n t r o l l e d   s u p p l y  

I  s y s t e m s   i n c l u d i n g   d e s t r u c t i o n   of  f i l m   web  due  to  i m p e r f e c t i o n s  
i  and  p h a s e   s h i f t   e f f e c t s .   > 

•  | 
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F i l m   F o r c e   L i m i t e d :   D r a w b a c k s   of  O t h e r   C o n v e n t i o n a l  
S p e e d   C o n t r o l l e d   S u p p l y   R a t e   S y s t e m s  

U.S .   P a t e n t   No.  4 , 4 1 8 , 5 1 0   d i s c l o s e s   t h e   use   of  a  c o n s t a n t  

'  p o s i t i v e   s p e e d   c o n t r o l   m o t o r   w h i c h   d r i v e s   t h e   d o w n s t r e a m   r o l l e r  

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

r a t e   f o r   t he   f i l m   by  t h e   b u n d l e .   T h i s   s y s t e m   a v o i d s   t h e   d r a w -  

b a c k s   of  the   f o r c e   demand   c o n t r o l l e d   s u p p l y   s y s t e m s   of  web  h o l e  

e x p a n s i o n   and  p h a s e   l a g .   H o w e v e r ,   if  t h e   f i l m   web  w e r e   s t r e t c h e d  

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

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

to   r e s t r a i n   t he   f i l m   web.  S i n c e   no  p r o v i s i o n   e x i s t s   in  c o n v e n -  

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

m o t o r   f rom  e x c e e d i n g   i t s   s e t   p r e d e t e r m i n e d   s u p p l y   s p e e d ,   i f   i t   i s  

so  d r a w n   by  t he   f i l m   web,  t h e   i n t e r n a l   i n e r t a   and  f r i c t i o n   of  t h e  

m o t o r   w o u l d   be  a c t i n g   in  an  u n c o n t r o l l e d   way  as  a  b r a k e   on  t h e  

f i l m   w e b .  

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

s p e e d   w o u l d   be  o v e r r u n   by  a  f i l m   web  s p e e d   t h a t   was  f a s t e r   t h a n  

t h e   s e t   c o n s t a n t   s u p p l y   s p e e d   of  t h e   m o t o r .   The  m o t o r   w o u l d   b e  

;  d r i v e n   by  the   t e n s i o n   in  t he   f i l m   web  b e t w e e n   t h e   d i s p e n s e r   a n d  

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

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

s p e e d   of  t h e   b u n d l e .  
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j  In  e f f e c t ,   t he   c o n t r o l   of  t h e   d i s p e n s e r   s u p p l y   r a t e   w o u l d   b e  
i 
j  c o n v e r t e d   to  a  demand   f o r c e   c o n t r o l l e d   s u p p l y   r a t e   s y s t e m   w i t h  

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

'l  f i l m   web  due  to  i m p e r f e c t i o n s   and  p h a s e   l a g   w h i c h   p r e v e n t   o p e r a -  

'■  t i o n   a t   h i g h   t h r o u g h p u t   s p e e d s .  

;  Such   o v e r r u n n i n g   of  t he   p o s i t i v e   s p e e d   s u p p l y   m o t o r   w o u l d  

!  o c c u r   a t   s t r e s s - s t r a i n   c o n d i t i o n s   a b o v e   y i e l d   p o i n t   of  t h e   f i l m  

'  web  b e t w e e n   t he   d i s p e n s e r   and  t he   b u n d l e .   T h e r e f o r e ,   t h i s   w o u l d  

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

1  s t r e s s - s t r a i n   c o n d i t i o n s   a b o v e   y i e l d   p o i n t .  

i  One  can  t e l l   when  t h e   m o t o r   is  b e i n g   d r i v e n   by  t h e   f i l m   w e b  
I 

j  r a t h e r   t h a n   d r i v i n g   t h e   f i l m   web  as  i n t e n d e d   by  c o n v e n t i o n   s y s -  

!  terns  by  a n a l y z i n g   w h e t h e r   a  s y s t e m   is  b e i n g   o v e r r u n .  
i 

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

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

j .veb   a l o n e   wou ld   d r i v e   t h e   r o l l e r s   of  t h e   p r e - s t r e t c h   s y s t e m   a n d  

;  t h e   p o s i t i v e   t o r q u e   m o t o r   w o u l d   be  d r i v e n   by  t h e   p r e - s t r e t c h   s y s -  

;  tern  a t   s p e e d s   h i g h e r   and  more  v a r y i n g   t h a n   t h e   i n t e n d e d   m o t o r  

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

j  an  u n c o n t r o l l e d   way  as  a  b r a k e   when  t h e   w r a p   f o r c e   F2,  b e t w e e n  

!  t h e   f i l m   web  d i s p e n s e r   and  t h e   b u n d l e ,   is   r e l a t e d   to  t h e   p r e -  

,  s t r e t c h   f o r c e   F^  b e t w e e n   t h e   p r e - s t r e t c h   r o l l e r s   a c c o r d i n g   to  t h e  

!  f o l l o w i n g   r e l a t i o n s h i p :  
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F2  ■  F i*   (1  ~  H s / R L >  

w h e r e   Rs  is  t h e   r a d i u s   of  t h e   d o w n s t r e a m   r o l l e r   g e a r   and   RL  i s  

t h e   r a d i u s   of  t h e   u p s t r e a m   r o l l e r   g e a r .   In  o r d e r   to   h a v e   p r e -  

i  s t r e t c h ,   Rs  is  a l w a y s   l e s s   t h a n   RL  so  t h a t   t h e   t e r m   (1  -  R S / R l >  

is   a l w a y s   p o s i t i v e   and  l e s s   t h a n   1 /   and   an  o v e r r u n   f o r c e   F2  i s  

l e s s   t h a n   F1  .  For   e x a m p l e ,   i f   RS /*L   -  I / 3 '   a  c o n v e n t i o n a l   v a l u e ,  

t h e n   F2  e q u a l s   2 / 3 *   Fx  when  o v e r r u n   o c c u r s .  

In  s u m m a r y ,   when  o v e r r u n   o c c u r s ,   t h e   s u p p l y   r a t e   of  t h e   f i l m  

web  f rom  t h e   f i l m   web  d i s p e n s e r   is  d e p e n d e n t   on  t h e   f o r c e   of  t h e  

f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   b u n d l e .   Such  a  

s y s t e m   s u f f e r s   f rom  t he   d r a w b a c k s   of  f o r c e   c o n t r o l l e d   d i s p e n s e r s  

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

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

F i l m   F o r c e   L i m i t e d :   By  G r o s s n e s s  
of  Load  and  P o i n t   F o r c e   From  L o a d  

The  K a u f m a n   Company  S t r e t c h   Command  I I I   p r e - s t r e t c h   p a l l e t  

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

m o t o r   on  t h e   f i l m   web  d i s p e n s e r .   A l t h o u g h   t h e   p a l l e t   was  r o t a t e d  

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

.:  i ng   d e m a n d   r a t e   w h i c h   v a r i e d   o v e r   a  v e r y   w i d e   r a n g e   due   to  t h e  

' g r e a t   s i z e   of  t h e   p a l l e t .   The  f i l m   web  s u p p l y   s p e e d   and   f o r c e   o n  

:  t h e   f i l m   web  had   to  be  l i m i t e d   to   a  n a r r o w   r a n g e   to  a v o i d  

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

t h e   p a l l e t   l o a d .   T h e r e f o r e ,   h i g h   w r a p   f o r c e s   a r e   i m p o s s i b l e .  
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;  A l s o ,   t h e   c o r n e r s   of  t h e   p a l l e t   l o a d   and  t h e   c o r n e r s   of  t h e  

:j  
i n d i v i d u a l   u n i t s   m a k i n g   up  of  t he   p a l l e t   l o a d ,   when  w r a p p e d   w i t h  

,j  t h e   f i l m   web  w o u l d   c r e a t e   a  p o i n t   f o r c e   l o a d s ,   on  t h e   f i l m   w e b  
;j  w h i c h   c a u s e   r u p t u r e   of  t h e   f i l m   web  a t   h i g h   f i l m   web  w r a p   f o r c e s .  
j|  F i n a l l y   t h e   K a u f m a n   m o t o r   w o u l d   s u f f e r   t h e   same  o v e r r u n  

■j  p r o b l e m s ,   d i s c u s s e d   a b o v e ,   i f   h i g h   wrap   f o r c e s   c o u l d   o t h e r w i s e   b e  

i  a t t a i n e d   d e s p i t e   t h e   g r o s s n e s s   in  l o a d   p r o b l e m s .   Such   o v e r r u n  

j  p r o b l e m s   w o u l d   h a v e   o c c u r r e d   if   t he   s u p p l y   s p e e d   was  s u b s t a n t i a l -  

li  ly  l o w e r   t h a n   t h e   h i g h e s t   d e m a n d   r a t e .  

!  The  A n d e r s o n   Company   p a l l e t   w r a p p e r ,   i n t r o d u c e d   a t   t h e   1 9 7 8  
;  C h i c a g o   PMMI  Show  and  i l l u s t r a t e d   as  p r i o r   a r t   in  U .S .   P a t e n t   N o .  

■■■  4 , 5 0 3 , 6 5 8 ,   i n t e r c o n n e c t e d   t h e   f i l m   web  s u p p l y   w i t h   t h e   p a l l e t  

;  t u r n t a b l e   w i t h   a  v a r i a b l e   t r a n s m i s s i o n .   C o n s t a n t   f i l m   web  s u p p l y  

.,  s p e e d   c o u l d   be  a t t a i n e d   and  no  demand   f o r c e   c o n t r o l l e d   o v e r r u n  

;  p r o b l e m s   w o u l d   o c c u r .   H o w e v e r ,   t h e   g r o s s n e s s   of  l o a d   and  p o i n t  
s o u r c e   l o a d   p r o b l e m s   p r e v e n t e d   s p e e d   and  f o r c e   o p e r a t i o n   o u t s i d e  
t h e   same  r a n g e   as  K a u f m a n .   Even  if   t h e s e   p r o b l e m s   c o u l d   be  o v e r -  

•  come,   h i g h   wrap   f o r c e s   w o u l d   p r e v e n t   an  e f f e c t i v e   o p e r a t i o n   b y  

;  d i s l o d g i n g   t h e   p a l l e t   l o a d   f rom  i t s   p o s i t i o n .  

.j  F i l m   F o r c e   R e q u i r e m e n t s :   Use  of  C o n v e y o r s  
!|  and  O t h e r   B u n d l e   S u p p o r t s  

;|  C o n v e y o r s   and  o t h e r   b u n d l e   s u p p o r t s   have   b e e n   u s e d   in  b u n d l e  

jj  w r a p p i n g   in  o r d e r   to   t r a n s p o r t   and  s u p p o r t   t h e   b u n d l e   d u r i n g  

;  w r a p p i n g .   An  e x a m p l e   of  s u c h   a  s y s t e m   is  shown  in  U .S .   P a t e n t  

! 
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4 , 3 1 7 , 3 2 2 .   H o w e v e r ,   c o n v e y o r s   and  o t h e r   b u n d l e   s u p p o r t s   i n -  

c r e a s e d   t h e   c r o s s - s e c t i o n a l   w r a p p i n g   a r e a   s i n c e   t h e y   were   p o s i -  

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

a g a i n s t   t h e   b u n d l e   a f t e r   t h e   b u n d l e   had   b e e n   moved  o f f   of  t h e  

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

t i v e   to   - the   c o n v e y o r   and  t h e   s u p p o r t s .  

The  f i l m   f o r c e   l i m i t a t i o n s   of  t h e   c o n v e n t i o n a l   s y s t e m s   d i s -  

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

c o n v e y o r s   and  o t h e r   b u n d l e   s u p p o r t s .   T h i s   is  b e c a u s e   e v e n  

g r e a t e r   f o r c e   on  t h e   f i l m   web  is  r e q u i r e d   to   w r a p   the   b u n d l e   o n  

,  t h e   c o n v e y o r   and  s u p p o r t   so  t h a t   a d e q u a t e   c o n t a i n m e n t   f o r c e   w o u l d  

■  be  a v a i l a b l e   s u b s e q u e n t   to  f i l m   web  r e c o v e r y   o n t o   t h e   b u n d l e   f r o m  

t h e   c o n v e y o r   and  b u n d l e   s u p p o r t s   a f t e r   t h e   b u n d l e   had  b e e n   r e -  

moved  f r o m   t h e   c o n v e y o r   and  s u p p o r t s   a f t e r   w r a p p i n g .   H o w e v e r ,   i n  

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

b u n d l e   c o n v e n t i o n a l l y   was  m i n i m i z e d   and  t h e   r e c o v e r y   of  f i l m  

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

f o r c e .  

'■  F i l m   F o r c e   L i m i t e d :   P r o b l e m s  
\]  Wi th   M u l t i p l e   U n i t   B u n d l e s  
i 

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

.|  u n i t s ,   w i t h   e a c h   u n i t   b e i n g   a  box  or  c a r t o n   s u c h   as  one  w h i c h   i s  

u l t i m a t e l y   d e l i v e r e d   to  t h e   c o n s u m e r .   The  u n i t s   may  be  s t a c k e d  

orriccs 
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b o t h   a c r o s s   t he   w i d t h ,   l e n g t h ,   and  h e i g h t   of  t h e   b u n d l e .   S u c h  

I  b u n d l e s   of  i n d i v i d u a l   u n i t s   have   p r a c t i c a l l y   no  i n t e r n a l   s t r u c -  

:;  t u r a l   s t r e n g t h   s i n c e   t he   f r i c t i o n   b e t w e e n   t h e   u n i t s   is  m i n i m i z e d  
ji 
!  by  t h e i r   s h a p e ,   mass   and  c o n t a i n e r   s u r f a c e   c h a r a c t e r i s t i c s .  

.',  T h e r e f o r e ,   i t   has   b e e n   s i g n i f i c a n t l y   d i f f i c u l t   to  w r a p   a  b u n d l e  

•;  of  t h e s e   i n d i v i d u a l   u n i t s   w i t h   a  f i l m   web  a t   a  wrap   f o r c e   w h i c h  

is   s u f f i c i e n t l y   h i g h   to  r e s u l t   in  a  c o n t a i n m e n t   f o r c e   on  t h e   b u n -  
i 

d i e s   w h i l e   not   s k e w i n g   t h e   b u n d l e s   e i t h e r   d u r i n g   or  a f t e r   t h e  

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

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

J  to   f o rm  a  t i g h t   b u l l ' s - e y e   p a t t e r n   in  t h e   f i l m   at   t h e   e n d s   of  t h e  

j  b u n d l e .   A  t i g h t   b u l l ' s - e y e   means   s m a l l n e s s   of  s i z e   of  t h e   a p e r -  

!i  t u r e   d e f i n e d   by  t he   f i l m   ends   on  t h e   e n d s   of  t h e   b u n d l e   a f t e r  

i  w r a p p i n g ,   and  t i g h t n e s s   on  t he   f i l m   web  on  t h e   b u n d l e   e n d s .  
i 

A l t h o u g h   t h i s   is  d e s i r a b l e   on  any  w r a p p e d   b u n d l e ,   i t   is   e s p e -  

.  c i a l l y   d e s i r a b l e   and  n e c e s s a r y   on  b u n d l e s   h a v i n g   m u l t i p l e   u n i t s  

;  to   p r e v e n t   t he   u n i t s   f rom  f a l l i n g   ou t   of  t h e   b u l l ' s - e y e   o r  

■  s h i f t i n g .  

;  F i l m   F o r c e   L i m i t e d ;   P r o b l e m s   Wi th   C r u s h i n g  

j!  The  r e g u l a t i o n   of  wrap   f o r c e   has   a l s o   b e e n   a  p r o b l e m   w i t h  

i'  f r a g i l e   c r u s h a b l e   b u n d l e s .   S i n c e   o n l y   t h e   min imum  f o r c e   i s  

j!  l o c k e d   i n t o   t he   w r a p p e d   f i l m   web  due  to   t h e   v a r y i n g   d e m a n d   r a t e  
i 
;  of  a  n o n - c i r c u l a r   c r o s s - s e c t i o n e d   b u n d l e ,   s u c h   b u n d l e s   m u s t   b e  

!  w r a p p e d   w i t h   a  s u f f i c i e n t l y   h i g h   w r a p   f o r c e   in  o r d e r   to   h a v e   a  
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s u f f i c i e n t l y   h i g h   c o n t a i n m e n t   f o r c e .   H o w e v e r ,   t h e   w r a p   f o r c e  

a l s o   n e e d s   to   be  s u f f i c i e n t l y   low  s u c h   t h a t   t h e   p a c k a g e s   w i l l   n o t  

be  c r u s h e d .   The  r e s u l t   of  t h i s   s i t u a t i o n   is  t h a t   c r u s h a b l e   b u n -  

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

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

f o r c e .  

F i l m   F o r c e   L i m i t e d :   P r o b l e m s   W i t h   B u n d l e s  
H a v i n g   O b l o n g   C r o s s - S e c t i o n s  

T h e r e   is  a  f u r t h e r   a g g r a v a t i n g   f a c t o r   in  c o n v e n t i o n a l   f i l m  

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

'  h a v i n g   o b l o n g   c r o s s - s e c t i o n s .   A  f i l m   web  s e g m e n t   a p p l i e d   to  a n y  

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

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

m e d i a t e l y   p r i o r   to  or  a f t e r   t h e   g i v e n   s i d e .   T h i s   is  b e c a u s e   b u n -  

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

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

s u r f a c e s .   S i n c e   s l i p p a g e   and   t e n s i o n   e q u a l i z a t i o n   a c r o s s   e d g e s  

d o e s   not   o c c u r ,   e x t r e m e   t e n s i o n   d i f f e r e n c e s   e x i s t   b e t w e e n   t h e  

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

:  s e c t i o n .   F u r t h e r ,   s i n c e   t h e   l o c k i n g   in  of  f o r c e s   o c c u r r e d   w h e r e  

•'  t he   f i l m   web  had  r e c o v e r e d   to   a  min imum  e l o n g a t i o n ,   o n l y   t h e   m i n -  

'  imum  c o n t a i n m e n t   c h a r a c t i s t i c s   a r e   l o c k e d   i n t o   t h e   f i l m   w e b .  
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S u m m a r y  

j  In  s u m m a r y ,   c o n v e n t i o n a l   w r a p p i n g   s y s t e m s   s u f f e r   f rom  m a n y  

i  d r a w b a c k s .  

[  I t   has   b e e n   d i f f i c u l t   to  o b t a i n   a  h i g h   t h r o u g h p u t   s p e e d ,  

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

.;  due  to  d i f f i c u l t i e s   in  c o n t r o l l i n g   s u p p l y   of  t h e   f i l m   web  f r o m  
:  | I 
;  t he   f i l m   web  d i s p e n s e r .  

I t   has   been   d i f f i c u l t   to  p r e v e n t   f i l m   r u p t u r e   due  to  t h e  

i  g r o s s n e s s   of  l o a d ,   p o i n t   s o u r c e   l o a d i n g   due   to   c o r n e r s   of  a  b u n -  

d l e ,   and  u n c o n t r o l l e d   h i g h   s t r e s s e s   due  to   u n c o n t r o l l e d   o p e r a t i o n  
;  i 
I  of  p r e - s t r e t c h   s y s t e m s   due  to  o v e r r u n .  

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

J  on  t h e   w r a p p e d   b u n d l e   due  to  t he   u se   of  c o n v e y o r s   and  o t h e r   s u p -  

;  p o r t s   f o r   t h e   b u n d l e   due  to   r e c o v e r y   of  p r e - s t r e t c h   e l o n g a t i o n  

!  w h i c h   o c c u r r e d   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and   t h e   b u n d l e   d u r -  

ing  w r a p p i n g .  

I t   has   been   f u r t h e r   d i f f i c u l t   to  o b t a i n   h i g h   c o n t a i n m e n t  

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

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

w r a p p i n g   s y s t e m .  

;  I t   has   b e e n   d i f f i c u l t   to   p r e v e n t   t h e   b u n d l e   and  s u b u n i t s   o f  

'.  t h e   b u n d l e   f rom  b e i n g   d i s l o d g e d   f rom  t h e   w r a p p i n g   p o s i t i o n   due  t o  
i 
|j  t h e   h i g h   w r a p p i n g   f o r c e   on  t h e   f i l m   web  w h i c h   i s   r e q u i r e d   to  p r o -  

d u c e   an  a d e q u a t e   c o n t a i n m e n t   f o r c e   on  t h e   b u n d l e .  
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I t   has   been   d i f f i c u l t   to  p r e v e n t   c r u s h i n g   of  t h e   b u n d l e   d u r -  

ing  w r a p p i n g   due  to  t h e   w r a p p i n g   f o r c e   r e q u i r e d   in  t he   f i l m   w e b  

to   p r o d u c e   an  a d e q u a t e   c o n t a i n m e n t   f o r c e   on  t h e   b u n d l e .  

I t   has   been   d i f f i c u l t   to  p r e v e n t   g r e a t   c h a n g e s   in  s t r e s s   o n  

t h e   f i l m   d i s p e n s e r   and  f i l m   web  d u r i n g   w r a p p i n g   due  to  v a r y i n g  

d e m a n d   r a t e s   c a u s e d   by  f i l m   web  d e m a n d   v a r i a t i o n s   in  a  

n o n - c i r c u l a r   c r o s s - s e c t i o n e d   b u n d l e .  

I t   has   b e e n   d i f f i c u l t   to  o b t a i n   a  h i g h   wrap   f o r c e   due  t o  

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

I t   has   b e e n   d i f f i c u l t   to  o b t a i n   h i g h   e l o n g a t i o n   of  t h e   f i l m  

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

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

I t   has   b e e n   d i f f i c u l t   to  e q u a l i z e   l o c k e d - i n   f o r c e s   in  t h e  

f i l m   web  when  w r a p p i n g   o b l o n g   b u n d l e s .  

I t   h a s   b e e n   d i f f i c u l t   to  a p p l y   w i d e   f i l m   web  w h i l e  

m i n i m i z i n g   w r i n k l e s   in  t h e   f i l m   web  a f t e r   i t   has   b e e n   a p p l i e d   t o  

t h e   b u n d l e .  

I t   ha s   b e e n   d i f f i c u l t   to  o b t a i n ,   due   to  l a c k   of  a d e q u a t e  

c o n t a i n m e n t   f o r c e ,   a  t i g h t   b u l l ' s - e y e   p a t t e r n   in  t h e   f i l m   at   t h e  

e n d s   of  t h e   b u n d l e .  

In  v i e w   of  t h e s e   d i f f i c u l t i e s   w i t h   c o n v e n t i o n a l   s y s t e m s  

t h e r e   a r e   a  v a r i e t y   of  o b j e c t s   w h i c h   t h e   p r e s e n t   i n v e n t i o n   s e e k s  

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

•'•  h i g h   t h r o u g h p u t   s p e e d ,   h i g h   f i l m   d i s p e n s e r   o r b i t   s p e e d ,   and   h i g h  

;•  f i l m   d i s p e n s i n g   s p e e d s   by  e f f e c t i v e l y   c o n t r o l l i n g   s u p p l y   of  t h e  

f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r   w h i l e   p r o v i d i n g   h i g h   f i l m  

.:  web  c o n t a i n m e n t   f o r c e   on  t h e   b u n d l e   a f t e r   w r a p p i n g .  

j  I t   is  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r e v e n t   f i l m  

:  r u p t u r e   due  to   t h e   g r o s s n e s s   of  l o a d ,   p o i n t   s o u r c e   l o a d i n g   due  t o  

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

.  u n c o n t r o l l e d   o p e r a t i o n   of  p r e - s t r e t c h   s y s t e m s   due  to   o v e r r u n .  

I t   is  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  o b t a i n   h i g h   c o n -  

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

!  s u p p o r t s   f o r   t h e   b u n d l e .  
■  i 
■'  I t   is  a n o t h e r   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   o b t a i n   h i g h  

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

b u n d l e   r e l a t i v e   to   t he   w r a p p i n g   s y s t e m .  

I t   is  a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r e v e n t   t h e  

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

w r a p p i n g   p o s i t i o n   due  to  h i g h   w r a p p i n g   f o r c e   on  t h e   f i l m   w e b  

w h i c h   is  r e q u i r e d   to  p r o d u c e   a d e q u a t e   c o n t a i n m e n t   f o r c e   on  t h e  

jj  b u n d l e .  

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

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

|j  in  t he   f i l m   web  w h i c h   is  r e q u i r e d   to   p r o d u c e   an  a d e q u a t e   c o n t a i n -  
i 

.  ment   f o r c e   on  t h e   b u n d l e .  
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I t   is  a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   p r e v e n t  

g r e a t   c h a n g e s   in  s t r e s s   on  t h e   f i l m   d i s p e n s e r   and  f i l m   web  d u r i n g  

w r a p p i n g   due   to   v a r y i n g   demand   r a t e s   c a u s e d   by  f i l m   web  d e m a n d  

v a r i a t i o n s   in  a  n o n - c i r c u l a r   c r o s s - s e c t i o n e d   b u n d l e .  

I t   is   an  a d d i t i o n a l   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

o b t a i n   a.  h i g h   wrap   f o r c e   due  to   b u n d l e   s e n s i t i v i t y   and  d i f f i c u l -  

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

I t   is  a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  o b t a i n   h i g h  

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

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

r u p t u r i n g   t h e   f i l m .  

'  I t   is   a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to   e q u a l i z e  

l o c k e d   in  f o r c e s   in  t he   f i l m   web  when  w r a p p i n g   o b l o n g   b u n d l e s .  

I t   is  an  a d d i t i o n a l   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   a p p l y  

w ide   f i l m   web  w h i l e   m i n i m i z i n g   w r i n k l e s   in  t h e   f i l m   web  a f t e r   i t  

has   been   a p p l i e d   to  t he   b u n d l e .  

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

t i g h t   b u l l ' s - e y e   p a t t e r n   in  t h e   f i l m   a t   t h e   e n d s   of  t h e   b u n d l e .  

A d d i t i o n a l   o b j e c t 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   b e  

.  s e t   f o r t h   in  t h e   d e s c r i p t i o n   w h i c h   f o l l o w s ,   and  in  p a r t   w i l l   b e  
t  ' l  ; 
\  o b v i o u s   f r o m   t h e   d e s c r i p t i o n ,   or   may  be  l e a r n e d   by  p r a c t i c e   o f  

S  t h e   i n v e n t i o n .   The  o b j e c t 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   m a y  

;  be  r e a l i z e d   and  o b t a i n e d   by  means   of  t h e   i n s t r u m e n t a l i t i e s   a n d  

c o m b i n a t i o n s   p a r t i c u l a r l y   p o i n t e d   ou t   in  t h e   a p p e n d e d   c l a i m s .  
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SUMMARY  OF  THE  INVENTION 
i  ""*  —  —  — 
I 1  To  a c h i e v e   t h e   f o r e g o i n g   o b j e c t s ,   and  in  a c c o r d a n c e   w i t h   t h e  

*  i 
;j  p u r p o s e s   of  t h e   i n v e n t i o n   as  e m b o d i e d   and  b r o a d l y   d e s c r i b e d   h e r e -  

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

|  web  d i s p e n s e d   f rom  a  f i l m   web  d i s p e n s e r   c o m p r i s i n g   m o v i n g   a  b u n -  

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

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

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

,;  s u p p l y   s p e e d ,   t r a n s p o r t i n g   t h e   f i l m   web  w r a p p e d   a r o u n d   t h e  

i  a p p l i c a t o r   m a n d r e l   b e y o n d   t h e   d o w n s t r e a m   end  of  t h e   a p p l i c a t o r  
j 
;  m a n d r e l ,   c o n t i n u o u s l y   m o v i n g   t he   b u n d l e   b e y o n d   t h e   d o w n s t r e a m   e n d  

j  i n t o   t h e   a p p l i c a t o r   m a n d r e l ,   and  a p p l y i n g   t h e   f i l m   web  f rom  t h e  

.  a p p l i c a t o r   m a n d r e l   o n t o   t he   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t  

f o r c e   in  t h e   f i l m   web  a f t e r   i t   is  a p p l i e d   o n t o   t h e   b u n d l e .  

I t   is  p r e f e r a b l e   to  r e s t r a i n   and  r e t a r d   t h e   f i l m   web  b e i n g  
'  d i s p e n s e d   by  t h e   f i l m   web  d i s p e n s e r .   I t   is   a l s o   p r e f e r a b l e   t o  

;  d i s p e n s e   t h e   f i l m   web  f rom  t h e   f i l m   d i s p e n s e r   a t   a  d i s p e n s e r   s u p -  

1  p l y   s p e e d   l e s s   t h a n   t h e   l o w e s t   demand   s p e e d   a t   t h e   a p p l i c a t o r  

[  m a n d r e l .  

j  I t   is  p r e - s t r e t c h   t h e   f i l m   web  b e y o n d   i t s   p r e - s t r e t c h   y i e l d  

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

!:  s u b s e q u e n t l y   p o s t - s t r e t c h   t h e   f i l m   web  in  t h e   l i n e a r  

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

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

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

d i s p e n s e r .  

I t   is  p r e f e r a b l e   to   p o s i t i o n   an  o b l o n g   c r o s s - s e c t i o n e d   b u n -  

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

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

t h a t   t he   c r o s s - s e c t i o n   of  t h e   s u p p o r t e d   f i l m   web  is  l e s s   o b l o n g  

and   more  s q u a r e   t h a n   t h e   b u n d l e d   c r o s s - s e c t i o n .  

I t   is  p r e f e r a b l e   to   p r e v e n t   t he   a p p l i c a t i o n   of  s u b s t a n t i a l  

p o i n t   l o a d s   to  t h e   f i l m   web  f rom  t he   a p p l i c a t o r   m a n d r e l   and  s u p -  

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

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

m a n d r e l .  

I t   is  p r e f e r a b l e   to   m a i n t a i n   t h e   f i l m   web  w i t h i n   a  

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

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

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

p e n s e r   w h i l e   t h e   f i l m   web  is   p o s i t i o n e d   b e t w e e n   t h e   f i l m   web  d i s -  

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

I t   is  p r e f e r a b l e   to   d i s p e n s e   a  f i r s t   f i l m   web  in  a  f i r s t  

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

'  f i l m   web  on  a  s e c o n d   h e l i c a l   d i r e c t i o n   h a v i n g   a  s e c o n d   c i r c u l a r  

c o m p o n e n t   o p p o s i t e   to  t h e   f i r s t   c i r c u l a r   c o m p o n e n t .  
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

.:  The  a c c o m p a n y i n g   d r a w i n g s ,   w h i c h   a r e   i n c o r p o r a t e d   in  a n d  

■|  c o n s t i t u t e   a  p a r t   of  t h e   s p e c i f i c a t i o n ,   i l l u s t r a t e   a  p r e f e r r e d  
!i 
I  e m b o d i m e n t   of  t h e   i n v e n t i o n   a n d ,   t o g e t h e r   w i t h   t h e   g e n e r a l   d e -  

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

,  f e r r e d   e m b o d i m e n t   g i v e n   b e l o w ,   s e r v e   to  e x p l a i n   t he   p r i n c i p l e s   o f  
'  t h e   i n v e n t i o n .  

;  F i g u r e   1  is  a  p e r s p e c t i v e   v i e w   of  a  d u a l - s t a g e   w r a p p i n g  

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

•  t i o n ;  
i 

F i g u r e   2  is  a  s i d e   v i ew   of  t he   a p p a r a t u s   of  F i g u r e   1 ;  

■:  F i g u r e   3  is  a  f r o n t   c u t a w a y   v i e w   t a k e n   a l o n g   l i n e   3 - 3 '   o f  

F i g u r e   2 ;  

F i g u r e   4  is  a  r e a r   c u t a w a y   v i ew   t a k e n   a l o n g   l i n e   4 - 4 '   o f  

F i g u r e   3 ;  

F i g u r e   5  is  a  g r a p h   of  demand   f o r   f i l m   web  at   a  w r a p p e d   r e c -  

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

F i g u r e   6  is  a  g r a p h   of  f i l m   web  s u p p l y   f rom  t h e   d i s p e n s e r   o f  

t h e   p r e s e n t   i n v e n t i o n ;  

,|  F i g u r e   7  is  a  g r a p h   of  f i l m   web  e l o n g a t i o n   e x e r t e d   b e t w e e n  

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

!  t i o n ;   b a s e d   on  t he   demand   shown  in  F i g .   5  and  t h e   s u p p l y   shown  i n  

I  F i g -   6 ;  
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F i g u r e   8  is  a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p   of  f o r c e  

and  e l o n g a t i o n   in  c o n v e n t i o n a l   w r a p p i n g   p r o c e s s e s ;  

F i g u r e   9  is  a  s c h e m a t i c   v i e w   of  a  c o n v e n t i o n a l   w r a p p i n g   c o n -  

v e y o r   and  b u n d l e ;  

F i g u r e   10  is  a  s c h e m a t i c   v i e w   of  a  p r i o r   a r t   d i s p e n s e r   a n d  

b u n d l e ,   i l l u s t r a t i n g   a  p o i n t   of  m in imum  demand   f o r   f i l m   web  a t  

t h e   b u n d l e ;  

F i g u r e   11  i s   t h e   s c h e m a t i c   v i e w   of  t he   b u n d l e   and  d i s p e n s e r  

a t   F i g .   10  at  a  l a t e r   p o i n t   in  t i m e ,   i l l u s t r a t i n g   a  p o i n t   of  m a x -  

;  imum  d e m a n d   f o r   f i l m   web  at   t h e   b u n d l e ;  

F i g u r e   12  is  a  s c h e m a t i c   v i e w   of  a  d i s p e n s e r   a p p a r a t u s   a n d  

b u n d l e   of  F i g .   11  at   a  l a t e r   p o i n t   in  t i m e ,   i l l u s t r a t i n g   a  p o i n t  

of  s e c o n d a r y   minimum  demand   f o r   f i l m   web  at   t h e   b u n d l e ;  

F i g u r e   13  is  an  i s o l a t e d   s i d e   v i e w   of  an  e l o n g a t i o n   m e c h a -  

n i s m   of  t h e   a p p a r a t u s   of  F i g u r e   3 ;  

F i g u r e   14  is  a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p   of  s t r e s s  

and   s t r a i n   on  the   f i l m   web  when  p r e - s t r e t c h e d   in  t he   f i l m   w e b  

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

p r e s e n t   i n v e n t i o n ;  

F i g u r e   15  is  a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n s h i p   of  s t r e s s  

■  and  s t r a i n   on  f i l m   web  s t r e t c h e d   b e t w e e n   t h e   d i s p e n s e r   and  t h e  

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

F i g u r e   16  is  a  s c h e m a t i c   v i e w   of  a  b u n d l e   and  an  a p p l i c a t o r  

m a n d r e l   s p a n n i n g   t he   f u l l   w i d t h   of  w i d e s t   b u n d l e   s u r f a c e s ;  
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:j  
F i g u r e   17  is  a  s c h e m a t i c   v i e w   of  a  b u n d l e   and  an  a p p l i c a t o r  

|  m a n d r e l   s p a n n i n g   a  p o r t i o n   of  t h e   w i d t h   of  o p p o s e d   w i d e s t   b u n d l e  
'  s u r f a c e s ;  

,  F i g u r e   18  is  a  s c h e m a t i c   s i d e   v i e w   i l l u s t r a t i n g   s e v e r a n c e   o f  

;  c o n t i n u o u s l y   w r a p p e d   b u n d l e s ?  

j  F i g u r e   19  is  an  i s o l a t e d   s i d e   v i e w ,   u p s t r e a m   f r o m   t h e   f i r s t  

I  w r a p p i n g   s t a g e ,   of  an  a p p l i c a t o r   m a n d r e l   c o n f i g u r e d   f o r   t a l l   b u n -  
"■  d i e   c o n t o u r s ;  

:  F i g u r e   20  is  an  i s o l a t e d   s i d e   v i e w ,   d o w n s t r e a m   f r o m   t h e   s e c -  

i  ond  w r a p p i n g   s t a g e ,   of  t h e   a p p l i c a t o r   m a n d r e l   of  F i g u r e   1 9 ;  

,j  F i g u r e   21  is   a  f r o n t   v i e w   of  t h e   a p p l i c a t o r   m a n d r e l   of  F i g -  
'  u r e   1 9 ;  

,  F i g u r e   22  is  an  i s o l a t e d   p e r s p e c t i v e   v i ew   of  a  t r a n s m i s s i o n  

;  f o r   t he   w r a p p i n g   c o n v e y o r   of  F i g u r e   2 .  
i 

j  F i g u r e   23  is  a  g r a p h   of  demand   f o r   f i l m   w e b ;  

::  F i g u r e   24  is  a  g r a p h   of  f i l m   web  s u p p l y   f rom  t h e   d i s p e n s e r ;  
!  F i g u r e   25  is  a  g r a p h   of  f i l m   web  e l o n g a t i o n   u n d e r   t h e   d e m a n d  

.  shown  in  F i g .   23  and  t h e   s u p p l y   shown  in  Fig   24;  a n d  

F i g u r e   26  is   a  d i a g r a m   of  a  m o t o r   s p e e d   c o n t r o l l e r   w i t h   r e -  

;;  g e n e r a t i v e   c a p a b i l i t i e s   w h i c h   a r e   a r r a n g e d   a c c o r d i n g   to   t h e   p r e s -  
:  en t   i n v e n t i o n .  

■  ■ 
•ER5ON  ;l 
AETT  ! 
L  i  - 2 7 -  
M.W.  ■  I 
■oooe  .  I 



0 2 2 4 7 6 6  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r e n c e   w i l l   now  be  made  in  d e t a i l   to   t he   p r e s e n t   p r e -  

f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   as  i l l u s t r a t e d   in  t h e   a c c o m -  

;  p a n y i n g   d r a w i n g s .  

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

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

a l s o   shown  in  F i g s   1-4  d e s c r i b e d   in  c o p e n d i n g   a p p l i c a t i o n   S e r i a l  

Number   5 8 2 , 7 7 9 .  

As  shown  in  F i g .   2,  a  p l u r a l i t y   of  u n i t s   43  f o r m i n g   b u n d l e s  

40  h a v e   b e e n   l o a d e d   in  s t a c k e d   r e l a t i o n s h i p   on  an  i n f e e d   c o n v e y o r  

a s s e m b l y   31  e i t h e r   m a n u a l l y   or   m e c h a n i c a l l y .   As  an  a l t e r n a t i v e  

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

h y d r a u l i c   p u s h i n g   d e v i c e   can  be  u s e d   to  e n g a g e   and  p u s h   e a c h   b u n -  

d l e   40  i n t o   t h e   w r a p p i n g   a r e a .  

An  u p s t r e a m   w r a p p i n g   s t a g e   35  and  a  d o w n s t r e a m   w r a p p i n g  

s t a g e   36  a r e   m o u n t e d   to  f r a m e   38.  Each  w r a p p i n g   s t a g e   i n c l u d e s   a  

d i s p e n s e r   b a r r e l   50  f o r   r e v o l v i n g   a  f i l m   r o l l   56  and  a  f i l m   w e b  

;  d i s p e n s e r   a r o u n d   a  b u n d l e   40.   The  f i l m   web  d i s p e n s e r   i n c l u d e s  

e l o n g a t i o n   m e c h a n i s m   70.  The  d i s p e n s e r   b a r r e l   50  i n c l u d e s   a  

m o u n t e d   hoop   52,  a  f r e e   hoop   54,   and  a  p l u r a l i t y   of  b a r r e l   t u b e s  

!  53  j o i n i n g   h o o p s   52  and  54  so  t h a t   t h e y   a r e   c o a x i a l   and  p a r a l l e l  

i  to   one   a n o t h e r .  

|  As  shown  in  F i g .   3,  m o u n t e d   hoop   52  is   b o l t e d   or   o t h e r w i s e  

f i x e d   c o a x i a l l y   to   t h e   o u t e r m o s t   r a c e   44  of  a  c i r c u l a r   t r i p l e  
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i  b e a r i n g   r a c e   42.  The  m i d d l e   b e a r i n g   r a c e   46  of  a  t r i p l e   r a c e   4 2  
■'  is  f i x e d   to  t h e   f r a m e   38,  and  t he   i n n e r m o s t   r a c e   48  is  f r e e l y  

I  
d r i v e n   to  r o t a t e   f o r   p u r p o s e s   w h i c h   w i l l   be  d e s c r i b e d   b e l o w .   A 
d i s p e n s e r   m o t o r   60  is  m o u n t e d   to   t h e   f r a m e   and  c o u p l e d   t h r o u g h  

■  r i g h t   a n g l e   r e d u c e r   61  to   d r i v e   f r i c t i o n   w h e e l   62  w h i c h   is  i n  
'  

c o n t a c t   w i t h   o u t e r   r a c e   44.   T h u s ,   o p e r a t i o n   of  m o t o r   60  w i l l   r o -  
;  t a t e   f r i c t i o n   w h e e l   62,  o u t e r   r a c e   44  and  d i s p e n s e r   b a r r e l   5 0 .  

E l o n g a t i o n   m o t o r   64  is  c o u p l e d   t h r o u g h   r e d u c e r   65  to   r e d u c e r  
:  p u l l e y   63.  A  b e l t   59  s u r r o u n d s   p u l l e y   63,   t e n s i o n   p u l l e y   66,  a n d  

d r i v e   p u l l e y   67.  D r i v e   p u l l e y   67  is  m o u n t e d   on  s h a f t   68  w h i c h   i n  

I  t u r n   is  m o u n t e d   to  t h e   f r a m e   38  and  e x t e n d s   i n s i d e   t h e   i n n e r   r a c e  
;  48.   As  shown  in  F i g .   4,  f r i c t i o n   r o l l e r   69  c o n t a c t s   i n n e r   r a c e  
!  48  and  is  m o u n t e d   to  s h a f t   68.  T h e r e f o r e ,   o p e r a t i o n   of  m o t o r   64  

w i l l   d r i v e   t he   b e l t   59,  t h e   p u l l e y   67,  f r i c t i o n   r o l l e r   69  a n d  
i n n e r   r a c e   4 8 .  

The  f i l m   web  d i s p e n s e r   e l o n g a t i o n   m e c h a n i s m   70  and  f i l m   r o l l  
56  a r e   m o u n t e d   on  t h e   d i s p e n s e r   b a r r e l   50  o p p o s i t e   a  c o u n t e r -  

:  
w e i g h t   90.  The  e l o n g a t i o n   m e c h a n i s m   70  i n c l u d e s   an  u p s t r e a m  
r o l l e r   72  and  d o w n s t r e a m   r o l l e r   74  w h i c h   a r e   d r i v e n   by  e l o n g a t i o n  

j  m o t o r   64  to  r o t a t e   a t   r e s p e c t i v e   f i x e d   c o n s t a n t   s u r f a c e   s p e e d s .  

|  F i l m   web  58  is  d r a w n   f r o m   r o l l   56  a c r o s s   t h e   s u r f a c e   of  t h e   u p -  

ij  s t r e a m   r o l l e r   72  r o t a t i n g   a t   a  f i r s t   c o n s t a n t   s p e e d   and  t h e n  

'|  a c r o s s   t h e   s u r f a c e   of  t h e   d o w n s t r e a m   r o l l e r   74  r o t a t i n g   at   a  s e c -  
ond  c o n s t a n t   s p e e d   h i g h e r   t h a n   the   f i r s t   c o n s t a n t   s p e e d .   T h e  
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f i l m   web  58  is   s t r e t c h e d   b e t w e e n   t h e   u p s t r e a m   and  d o w n s t r e a m  

r o l l e r s   72  and  74  a t   a  c o n s t a n t   s t r e t c h   r a t i o   c o r r e s p o n d i n g   t o  

t he   r a t i o   of  t h e   s p e e d s   of  t h e   u p s t r e a m   and  d o w n s t r e a m   r o l l e r s   72  

and  74.   For  f i l m   webs  w h i c h   a r e   c u r r e n t l y   p o p u l a r ,   t h e   s t r e t c h  

r a t i o   i s   p r e f e r a b l y   in  t h e   r a n g e   of  1 :2   to  1 : 3 .  

As  shown  in  F i g .   2,  c o r e   h u b s   91  and  92  a r e   m o u n t e d   a d j a c e n t  

to  e a c h   of  t h e   h o o p s   52  and  54  to  e n g a g e   t h e   h o l l o w   c o r e   of  f i l m  

r o l l   56  and  m a i n t a i n   f i l m   r o l l   56  r o t a t a b l y   m o u n t e d   on  t h e   d i s -  

p e n s e r   b a r r e l   50.  Co re   hub  92  and  d i s k   b r a k e   94  a r e   p i v o t a l l y  

m o u n t e d   to   t h e   hoop   52  by  h i n g e   96.  B r a k e   94  e n g a g e s   t h e   hub  92  

and  r e s t r a i n s   t h e   hub  92  f rom  f r e e   r o t a t i o n .   T h i s   p r e v e n t s   r a p i d  

s p i l l a g e   of  f i l m   web  58  f rom  f i l m   r o l l   56  d u r i n g   s h u t d o w n   of  t h e  

w r a p p i n g   o p e r a t i o n .   B r a k e   94  a l s o   p r e v e n t s   s l a c k   on  t h e   web  b e -  

t w e e n   r o l l e r   56  and  r o l l e r   72  as  f i l m   p a y o u t   r e d u c e s   t h e   d i a m e t e r  

of  f i l m   r o l l   5 6 .  

As  shown  in  F i g .   4,  c o r e   hub  91  is  m o u n t e d   to  s w i n g   p l a t e   93 

w h i c h   p i v o t s   a c r o s s   t he   p l a n e   of  hoop  54  on  p i v o t   s h a f t   95  j o u r -  

n a l l e d   to  hoop   54.  At  an  end  of  s w i n g   p l a t e   93  o p p o s i t e   s h a f t  

95,  a  l o c k i n g   p i n   97  is  r e m o v a b l y   e n g a g e d   w i t h   hoop   54.   I t   m a y  

be  e n g a g e d   by  s p r i n g   p r e s s u r e   to   e n t e r   a  b l i n d   b o r e   of  h o o p   5 4 ,  

or  by  b e i n g   t h r e a d e d   to  a  t h r e a d e d   b o r e   of  hoop   54.  H a n d l e   98  i s  

'  
c o u p l e d   to   p i n   97  f o r   m a n u a l   r e l e a s e   of  p i n   97  f rom  t h e   hoop   54  

■when   f i l m   r o l l   56  is  c o m p l e t e l y   d i s p e n s e d .   P l a t e   93  and   c o r e   h u b  

91  may  t h e n   be  swung  away  f rom  t h e   r o l l   c o r e   a b o u t   s h a f t   95,   a n d  

on  
N 
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the   c o r e   may  be  t i l t e d   o u t w a r d   f rom  the   hoop   54  on  t h e   h i n g e   9 6 ,  

j  shown  in  F i g .   2.  The  r o l l   c o r e   t h e n   may  be  r e m o v e d   e a s i l y   b y  

jj  hand  and  a  f r e s h   f i l m   r o l l   56  may  be  m o u n t e d   by  e n g a g i n g   one  e n d  

•  of  t h e   r o l l   c o r e   to  hub  92,  s w i n g i n g   t he   r o l l   i n w a r d ,   and  c l o s i n g  

|  s w i n g   p l a t e   93  to  e n g a g e   hub  91  w i t h   t h e   c o r e   of  t h e   r o l l   5 6 .  

:  P in   97  t h e n   is  l o c k e d   i n t o   t h e   hoop   54  to  m a i n t a i n   new  f i l m   r o l l  

i  56  in  p l a c e .  
■  i 
) 
;  As  shown  in  F i g .   13,  u p s t r e a m   r o l l e r   72  is  m o u n t e d   on  u p -  

I  s t r e a m   s h a f t   73  one  end  of  u p s t r e a m   s h a f t   73  is  j o u r n a l l e d   t o  

i  s u p p o r t   p l a t e   79  on  hoop   54.  The  o t h e r   end  of  u p s t r e a m   s h a f t   73  
i 
,  p a s s e s   i n t o   a  t r a n s m i s s i o n   h o u s i n g   71.  D o w n s t e a m   r o l l e r   74  i s  

;j  m o u n t e d   on  d o w n s t r e a m   s h a f t   75.  One  end  of  d o w n s t r e a m   r o l l e r   74 

,:  is  j o u r n a l l e d   to  p l a t e   79  and  t h e   o t h e r   end  p a s s e s   t h r o u g h   t h e  

t r a n s m i s s i o n   h o u s i n g   71.  An  u p s t r e a m   g e a r   76  is   m o u n t e d   to   u p -  

s t r e a m   s h a f t   73  in  h o u s i n g   71.  A  d o w n s t r e a m   g e a r   78,  s m a l l e r  

t h a n   u p s t r e a m   g e a r   76,  is  m o u n t e d   to  d o w n s t r e a m   s h a f t   75  and  i s  

c o p l a n a r   w i t h   u p s t r e a m   g e a r   76.  The  r a t i o   of  g e a r s   76  and  78  

' p r e f e r a b l y   is  in  t h e   r a n g e   of  2:1  to  3 : 1 .   A d d i t i o n a l l y ,   a  t e n -  

s i o n   s h a f t   88  is  j o u r n a l l e d   w i t h i n   t r a n s m i s s i o n   h o u s i n g   71  and  a  

,|  t e n s i o n   g e a r   87  is  m o u n t e d   to  s h a f t   88  c o p l a n a r   w i t h   g e a r s   76  a n d  

!i  78  so  t h a t   a  c h a i n   s u r r o u n d i n g   g e a r s   76,  78  and  87  w i l l   f o l l o w   a  

|  t r i a n g u l a r   p a t h .   A  t r a n s m i s s i o n   c h a i n   77  e n c o m p a s s e s   g e a r s   7 6 ,  
i  I 
|j  78,  and  87  to  d e f i n e   a  f i x e d   s p e e d   r a t i o   b e t w e e n   g e a r s   76  and  7 8 ,  

■  s h a f t s   73  and  75,  and  u p s t r e a m   r o l l e r   72  and  d o w n s t r e a m   r o l l e r  i 
■i  7 4 .  
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D o w n s t r e a m   d r i v e   g e a r   86  is  m o u n t e d   to   d o w n s t r e a m   s h a f t   75  

in  t r a n s m i s s i o n   h o u s i n g   71.  A  s h a f t   b r a c k e t   81  is   f i x e d   to  h o u s -  

ing  71  and  e x t e n d s   i n w a r d l y   t o w a r d   the   a x i s   of  i n n e r   r a c e   48.  A 

d r i v e   s h a f t   83  is  j o u r n a l l e d   to   b r a c k e t   81  and  e x t e n d s   i n t o   t h e  

p l a n e   of  t h e   i n n e r   r a c e   48.   A  d r i v e   r o l l e r   82  is   m o u n t e d   o n  

s h a f t   83  and   c o n t a c t s   i n n e r   r a c e   48.  A  d r i v e   g e a r   84  is  m o u n t e d  

on  s h a f t   83  c o p l a n a r   w i t h   t h e   d o w n s t r e a m   d r i v e   g e a r   86 .   A  c h a i n  

85  c o n n e c t s   g e a r s   84  and  86.  T h e r e f o r e ,   t h e   r e l a t i v e   r o t a t i o n   o f  

i n n e r   r a c e   48  and  d i s p e n s e r   b a r r e l   50  w i l l   d r i v e   t h e   d r i v e   w h e e l  

82,  t h e   d o w n s t r e a m   r o l l e r   74,  and  t h e   u p s t r e a m   r o l l e r   72  a l l   t o  

r o t a t e   in  t h e   same  d i r e c t i o n .   The  r a t i o   of  g e a r s   84  and  86  i s  

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

t e r m i n e d   r a t i o s   may  be  u t i l i z e d .   As  b a r r e l   50  r o t a t e s ,   r o l l e r  

82  w i l l   p a s s   by  r o l l e r   69.  The  w i d t h   and  p o s i t i o n   of  t h e   r o l l e r s  

69  and  82  s h o u l d   be  c h o s e n   so  t h e   r o l l e r s   do  n o t   c o l l i d e   d u r i n g  

r o t a t i o n .  

As  shown   in  F i g .   13,   f r e e   r o l l e r s   121 ,   122  and  123  a r e   j o u r -  

n a l l e d   to   p l a t e   79  and   h o u s i n g   71  a d j a c e n t   t h e   r o l l e r   72  and  7 4 .  

As  shown  in  F i g .   4,  t h e   f i l m   web  58  is  d r a w n   f r o m   f i l m   r o l l   56  

,,  a c r o s s   f i r s t   f r e e   r o l l e r   121 ,   t h e n   a c r o s s   t h e   s u r f a c e   of  d o w n -  

s t r e a m   r o l l e r   72,   and   a c r o s s   s e c o n d   f r e e   r o l l e r   122  a d j a c e n t   t h e  

s p a c e   b e t w e e n   r o l l e r   72  and  74,  a c r o s s   t h e   d o w n s t r e a m   r o l l e r   7 4 ,  

and  a c r o s s   f r e e   r o l l e r   123 .   F i l m   web  58  is   d r a w n   as  f a r   as  t h e  

d o w n s t r e a m   r o l l e r   74  by  t h e   r e l a t i v e   r o t a t i o n   of  r a c e   48  a n d  
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b a r r e l   50,  and  t h e n   a c r o s s   r o l l e r   123  to  t h e   a p p l i c a t o r   m a n d r e l  

;  180  by  r e l a t i v e   r o t a t i o n   of  b a r r e l   50  and  t h e   m a n d r e l   180 .   A l l  

.  of  t h e   r o l l e r s   72,  74,  121 ,   122  and  123  r o t a t e   as  t h e   f i l m   w e b  

p a s s e s   a c r o s s   t h e m ,   and  a r e   p a r a l l e l   to   t h e   f i l m   r o l l   56  and  t h e  

b a r r e l   t u b e s   53.  A  n o n p a r a l l e l   a n g l e d   f r e e   r o l l e r   124  may  b e  

m o u n t e d   to   h o o p s   52  and  54  a d j a c e n t   f r e e   r o l l e r   123 .   F i l m   web  58  

p a s s e s   f rom  f r e e   r o l l e r   123  a c r o s s   r o l l e r   124  and  t h e n   to   t h e  

c e n t e r   of  b a r r e l   50  in  t he   v i c i n i t y   of  b u n d l e   40  and  a p p l i c a t o r  

;  m a n d r e l   180 .   The  a n g u l a r   p l a c e m e n t   of  r o l l e r   124  a d v a n t a g e o u s l y  

:;  e n h a n c e s   w r i n k l e - f r e e   a p p l i c a t i o n   of  t h e   f i l m   web  58  at   t h e   m a n -  

:  d r e l .   R o l l e r   124  p r e f e r a b l y   is  m o u n t e d   so  t h a t   t he   a n g l e   may  b e  

■'  a d j u s t e d   to  o b t a i n   t h e   o p t i m a l   f i l m   c o n d i t i o n .   The  s t r e t c h e d  

f i l m   web  58  is  d r a w n   d u r i n g   r o t a t i o n   of  t h e   d i s p e n s e r   b a r r e l   50  
! 

to  a p p l i c a t o r   m a n d r e l   180  t h r o u g h   w h i c h   b u n d l e   40  is  t r a n s p o r t e d  

d u r i n g   w r a p p i n g .   As  shown  in  F i g .   22,  t h e   m a n d r e l   180  c o m p r i s e s  

a  f i l m   web  t r a n s p o r t e r   108  b e n e a t h   t he   b u n d l e   c o n v e y o r   110 ,   a n d  

at   l e a s t   one  f i l m   web  t r a n s p o r t e r   a d j a c e n t   at   l e a s t   one  a d d i -  

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

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

,  B u n d l e   c o n v e y o r   110  p r e f e r a b l y   i n c l u d e s   one  or  more   e n d l e s s   l o o p  

;j  p a c k a g e   c h a i n s   102  c i r c u l a t i n g   a r o u n d   c h a i n   t r a c k s   103 .   C h a i n  i 
t r a c k s   103  a r e   s p a c e d   s u f f i c i e n t l y   f a r   a p a r t   in  main   p l a t e   111  o f  

;  c o n v e y e r   110  to  a v o i d   b u n d l e   s p i l l a g e ,   and  a r e   p r e f e r a b l y   m a n u -  

f a c t u r e d   f rom  a  c l a s s   of  p l a s t i c   s u b s t a n c e s   known  as  u l t r a h i g h  
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m o l e c u l a r   w e i g h t   p o l y e t h y l e n e .   C h a i n   t r a c k s   103  e x p o s e   t h e   u p -  

p e r m o s t   s u r f a c e s   of  c h a i n s   102  and  s u p p o r t   t h e   l o v e r   s u r f a c e   o f  

c h a i n s   102  a g a i n s t   sag   when  a  b u n d l e   40  r e s t s   on  c h a i n s   102 .   A t  

a  p o i n t   u p s t r e a m   of  d i s p e n s e r   b a r r e l   50,   e a c h   c h a i n   102  c i r c u -  

l a t e s   a r o u n d   a  g e a r   112  m o u n t e d   to   an  a x l e   122 ,   t h e n   a r o u n d   a  

g e a r   114  m o u n t e d   to  an  a x l e   124 ,   and  f i n a l l y   a r o u n d   a  g e a r   1 1 6  

m o u n t e d   to  an  a x l e   126 ,   b e f o r e   p r o c e e d i n g   d o w n s t r e a m   to  c a r r y   t h e  

b u n d l e .   Main  p l a t e   111  of  c o n v e y o r   110  d e f i n e s   a  t h r o u g h g o i n g  

b o r e   128  b e n e a t h   each   t r a c k   103 ,   t h r o u g h   w h i c h   t h e   r e t u r n i n g  

c h a i n   102  p a s s e s   to  e n c o u n t e r   g e a r   1 1 2 .  

F i l m   web  t r a n s p o r t e r   108  is  p o s i t i o n e d   b e n e a t h   t h e   c o n v e y o r  

110  and  p r e f e r a b l y   i n c l u d e s   an  e n d l e s s   l o o p   c h a i n   132  c i r c u l a t i n g  

in  a  d o w n s t r e a m   d i r e c t i o n   in  c h a i n   t r a c k   109  b e n e a t h   t h e   p l a t e  

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

t h r o u g h g o i n g   b o r e   134  d e f i n e d   by  p l a t e   111.   At  t h e   u p s t r e a m   e n d ,  

c h a i n   132  c i r c u l a t e s   a r o u n d   g e a r   136  m o u n t e d   to  a x l e   1 2 2 .   I n  

t h i s   m a n n e r ,   t he   b u n d l e s   40  a r e   c a r r i e d   on  c o n v e y o r   110  s y n c h r o -  

n i z e d   at   t h e   same  s p e e d   as  t h e   f i l m   web  c a r r i e d   b e n e a t h   c o n v e y o r  

110  by  t r a n s p o r t e r   108 .   T h i s   is  a c c o m p l i s h e d   by  u s i n g   i d e n t i c a l  

g e a r s   112  and  136  on  s h a f t   122  to  d r i v e   c h a i n s   102  and  1 3 2 .  

As  shown  in  F i g .   2,  c o n v e y o r   110  and  t r a n s p o r t e r   108  may  b e  

d r i v e n   by  m o u n t i n g   g e a r   196  to   a x l e   194  of  m o t o r   195 .   G e a r   1 9 7  

i s   m o u n t e d   on  a x l e   122 .   C h a i n   198  c i r c u l a t e s   a b o u t   t h e   g e a r s   1 9 6  

and   197,   so  t h a t   o p e r a t i o n   of  t h e   m o t o r   195  w i l l   move  t h e   c h a i n s  

102  and  132  w h i c h   e n g a g e   g e a r s   112  and  136,   r e s p e c t i v e l y .  
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At  t he   d o w n s t r e a m   end  of  t h e   c o n v e y o r   110 ,   e a c h   c h a i n   1 0 2  

p a s s e s   a c r o s s   t h e   end  of  t r a c k   103  and  a r o u n d   a  g e a r   130  m o u n t e d  

,  to  f r e e l y   r o t a t e   so  t h a t   t h e   c h a i n   102  p a s s e s   f r o m   t h e   u p p e r  

1  t r a c k   103  f l o w i n g   in  a  d o w n s t r e a m   d i r e c t i o n   to   t h e   t h r o u g h g o i n g  

b o r e   128  f l o w i n g   b a c k   u p s t r e a m ,   in  t h e   r e v e r s e   d i r e c t i o n .   C h a i n  

132  c i r c u l a t e s   a b o u t   a  g e a r ,   no t   s h o w n ,   m o u n t e d   to   m a i n   p l a t e   1 1 1  

b e t w e e n   t he   two  g e a r s   130 .   W h e e l s   200  a r e   m o u n t e d   d o w n s t r e a m  

from  g e a r s   130  on  p l a t e   111  and  r o t a t e   f r e e l y   w i t h   g e a r s   130  s u f -  

f i c i e n t l y   b e l o w   t h e   u p p e r   s u r f a c e   of  ma in   p l a t e   111  to   a v o i d   c o n -  

t a c t   w i t h   t h e   b o t t o m   of  a  b u n d l e .   In  o r d e r   to   s u p p o r t   t h e   d o w n -  

.  s t r e a m   end  of  c o n v e y o r   110  and  f i l m   web  t r a n s p o r t e r   108 ,   t h e  

b o t t o m   edge   of  e a c h   w h e e l   200  is  s u p p o r t e d   on  r o l l e r   201  a t t a c h e d  

to  t h e   f r a m e .   T h u s ,   t h e   f i l m   web  is  c a r r i e d   d o w n s t r e a m   b e n e a t h  

main   p l a t e   111  by  t h e   l o w e r   e x p o s e d   p o r t i o n   of  c h a i n   1 3 2 .   T h e  

f i l m   web  d o e s   no t   e n c o u n t e r   any  o p p o s i t i o n   to  t h i s   m o t i o n   s i n c e  

t he   p o r t i o n s   of  c h a i n s   102  and  132  m o v i n g   u p s t r e a m   a r e   i s o l a t e d  

w i t h i n   b o r e s   128  and  134,   r e s p e c t i v e l y .   When  t h e   f i l m   web  t r a n s -  

p o r t e d   by  c h a i n   132  e n c o u n t e r s   t he   w h e e l s   200 ,   i t   p a s s e s   b e t w e e n  

the   w h e e l s   200  and  t he   r o l l e r   201  and  r e c o v e r s   a g a i n s t   t h e   b o t t o m  

•!  of  t h e   b u n d l e   d o w n s t r e a m   f rom  t he   w h e e l s   and  t h e   r o l l e r .  
i| 
i  The  a p p l i c a t o r   m a n d r e l   180  i n c l u d e s   a  b o t t o m   f i l m   web  t r a n s -  

p o r t e r   108  and  a t   l e a s t   one  o t h e r   f i l m   web  t r a n s p o r t e r   w h i c h   i s  

;  a d j a c e n t   a t   l e a s t   one  w i d e s t   s u r f a c e   of  t h e   b u n d l e   in  a d d i t i o n   t o  

t r a n s p o r t e r   108 .   If  t he   w i d e s t   b u n d l e   s i d e s   a r e   v e r t i c a l ,   t h e n  
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;  two  p a r a l l e l   v e r t i c a l   t r a n s p o r t e r s   210  a r e   p r e f e r a b l y   u t i l i z e d   a s  

shown  in  F i g s .   1  t h r o u g h   4.  If   t h e   w i d e s t   s i d e s   a r e   h o r i z o n t a l ,  

'!  t h e n   one   f i l m   web  t r a n s p o r t e r   330  is   p l a c e d   a t o p   t h e   b u n d l e   a n d  

o p p o s i t e   t r a n s p o r t e r   108  as  shown  in  F i g s .   19  t h r o u g h   21.   E a c h  

f i l m   web  t r a n s p o r t e r   c a r r i e s   t h e   f i l m   web  58  w r a p p e d   a c r o s s   t h e  

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

s p e e d   as  t h e   b u n d l e   s p e e d .  

The  f i l m   web  t r a n s p o r t e r s   108  a l s o   p r o v i d e   an  e f f e c t i v e   i n -  

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

s u r f a c e .   T h u s ,   t h e   d i f f e r e n c e   b e t w e e n   t h e   v e r t i c a l   w r a p p i n g   r a -  

d i u s   and   t h e   h o r i z o n t a l   w r a p p i n g   r a d i u s   of  an  o b l o n g   b u n d l e   d u r -  

ing  w r a p p i n g   is  m i n i m i z e d   by  p l a c e m e n t   of  t h e   f i l m   web  t r a n s -  

p o r t e r s   so  t h a t   t h e   c r o s s - s e c t i o n   of  t h e   f i l m   web  is  s u p p o r t e d   o n  

t h e   m a n d r e l   is  l e s s   o b l o n g   and  more   s q u a r e   t h a n   t h e   b u n d l e   c r o s s -  

s e c t i o n .   The  v a r i a t i o n   in  e l o n g a t i o n   of  t h e   f i l m   web  as  t h e   f i l m  

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

m a n d r e l   180  is  more   u n i f i e d   and  is  more   e a s i l y   m a i n t a i n e d   s u b -  

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

:  e n t   i n v e n t i o n   by  t h i s   p o s i t i o n i n g   of  a p p l i c a t i o n   m a n d r e l   1 8 0 .  

1  H i g h   c o n t a i n m e n t   f o r c e   is  o b t a i n e d   a t   t h e   m a n d r e l   and  u l t i m a t e l y  

;  a t   t h e   b u n d l e .  

.;  The  a p p l i c a t o r   m a n d r e l   180  p r e f e r a b l y   e x t e n d s   t h r o u g h   b o t h  

d i s p e n s e r   b a r r e l s   50.  H o w e v e r ,   a  f i r s t   m a n d r e l   may  e x t e n d   w i t h i n  

t h e   f i r s t   d i s p e n s e r   b a r r e l   and  a  s e c o n d   m a n d r e l   may  e x t e n d   w i t h i n  
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t h e   s e c o n d   d i s p e n s e r   b a r r e l .   A l t e r n a t i v e l y ,   c o n v e y o r   110  a n d  

:,  t r a n s p o r t e r   108  may  e x t e n d   t h r o u g h   b o t h   b a r r e l s   w h i l e   f i l m   w e b  

j  t r a n s p o r t e r   210  or   330  a r e   s e p a r a t e l y   p o s i t i o n e d   in  e a c h   b a r r e l .  

1  C e r t a i n   t y p e s   of  b u n d l e s   a r e   e x t r e m e l y   f r a g i l e   and  may  r e -  

:|  q u i r e   f i l m   web  t r a n s p o r t e r s   w h i c h   e x t e n d   to   c o v e r   t h e   e n t i r e  

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

;  i m p a r t i n g   a  s u b s t a n t i a l   p a r t   of  t h e   wrap   f o r c e   on  t h e   b u n d l e .  

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

can  be  d e r i v e d   by  c o v e r i n g   o n l y   a  p o r t i o n   of  a  b u n d l e   s u r f a c e  

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

'!  e n c o u n t e r   f i l m   web  58.  S i n c e   t h e   t o p m o s t   l e n g t h w i s e   e d g e s   o f   t h e  

;  b u n d l e   a r e   mos t   p r o n e   to  d i s a l i g n m e n t ,   f i l m   web  t r a n s p o r t e r s   2 1 0  

or   330  p r e f e r a b l y   e x t e n d   a c r o s s   b u n d l e   s u r f a c e s   to   a  d i s t a n c e  

f rom  b u n d l e   e d g e s   no  g r e a t e r   t h a n   1 /2   of  t h e   h e i g h t   or   w i d t h ,   r e -  

s p e c t i v e l y ,   of  b u n d l e   u n i t s   a t   e a c h   e d g e .  

The  e f f e c t   of  t h i s   p l a c e m e n t   on  f i l m   demand   is   shown  in  F i g .  

16  in  w h i c h   a  r e c t a n g u l a r   b u n d l e   w i t h   10  i n c h   v e r t i c a l   s u r f a c e s  

and  14  i nch   h o r i z o n t a l   s u r f a c e s   is  p l a c e d   b e t w e e n   a  t o p   s u r f a c e  

;.  f i l m   web  t r a n s p o r t e r   330  and  t h e   c o n v e y o r   110  and  b o t t o m   s u r f a c e  

;'  f i l m   web  t r a n s p o r t e r   108 .   For   p u r p o s e s   of  i l l u s t r a t i o n ,   i t   i s  
I; 
|  a s s u m e d   t h a t   t h e   f i l m   web  t r a n s p o r t e r s   a r e   2  i n c h e s   t h i c k .   A t  

■j 
|  t h e   d o w n s t r e a m   end  of  t he   t r a n s p o r t e r s ,   t h e   f i l m   web  r e c o v e r s   t o  

'l 
!  t h e   t o p   and  b o t t o m   s u r f a c e s   of  t h e   b u n d l e ,   and  t h e   f i n a l   c i r c u m -  

f e r e n c e   a r o u n d   t h e   b u n d l e   is   48  i n c h e s .  
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Wi th   v e r y   f r a g i l e   b u n d l e s ,   t he   f i l m   web  t r a n s p o r t e r s   p r e f e r -  

a b l y   e x t e n d   a c r o s s   t h e   f u l l   14  i n c h   w i d t h   of  t h e   t o p   and  b o t t o m  

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

'  m a n d r e l   w r a p p i n g   c i r c u m f e r e n c e   is  56  i n c h e s   and  t h e   f i l m   web  r e -  

c o v e r s   by  16%  to  r e a c h   t h e   f i n a l   c i r c u m f e r e n c e   of   48  i n c h e s   a t  

t h e   d o w n s t r e a m   end  of  t h e   a p p l i c a t o r   m a n d r e l   when  i t   moves   f r o m  

t h e   m a n d r e l   to   t h e   b u n d l e .   F u r t h e r m o r e ,   t h e   maximum  w r a p p i n g   r a -  

d i u s   B  is  9 . 9   i n c h e s   and  t h e   minimum  r a d i u s   A  is   7  i n c h e s ,   w i t h   a  

r a t i o   of  m in imum  to  maximum  of  0 . 7 1   and  a  d i f f e r e n c e   of  2 - 9  

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

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

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

As  shown  in  F i g .   17,  as  p r e f e r r e d   f o r   s o m e w h a t   l e s s   f r a g i l e  

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

r e d u c e d   to  10  i n c h e s   to   o b t a i n   an  o c t a g o n a l   c r o s s - s e c t i o n   in  t h e  

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

t h e   f i l m   web  t r a n s p o r t e r   e d g e s   e n c o u n t e r i n g   w r a p p e d   f i l m   web  5 8 .  

The  w r a p p i n g   c i r c u m f e r e n c e   of  t he   a p p l i c a t o r   m a n d r e l   is  t h e n   5 1 . 3  

i n c h e s ,   and  t h e   f i l m   web  mus t   r e c o v e r   o n l y   6.9%  to  r e a c h   t h e  

f i n a l   b u n d l e   c i r c u m f e r e n c e   of  48  i n c h e s .   The  maximum  w r a p p i n g  

r a d i u s   is  r e d u c e d   to   8 .6   i n c h e s ,   so  t h a t   t h e   m in imum  to  m a x i m u m  

:  r a t i o   is   i n c r e a s e d   to   0 . 8 1   and  t he   d i f f e r e n c e   or   r a n g e   of  r a d i i  

is  r e d u c e d   to   1 .6   i n c h e s .   Thus  i t   is  a p p a r e n t   t h a t   a  v e r y   m o d e s t  

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

•j  b e y o n d   the   d o w n s t r e a m   end  of  t h e   a p p l i c a t o r   m a n d r e l ,   w h i l e   s i m u l -  

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

p e r m i t t i n g   h i g h e r   p r e - s t r e t c h   r a t i o s .   I t   is   u s e f u l   to   r e d u c e   t h e  

i  w i d t h   of  e ach   t r a n s p o r t e r   so  t h a t   i t s   o u t e r m o s t   e d g e s   a r e   a t   a  

r a d i u s ,   or  d i s t a n c e ,   f r om  t h e   c e n t e r   of  d i s p e n s e r   r o t a t i o n   n o  
'  g r e a t e r   t h a n   the   d i s t a n c e   f rom  t h e   d i s p e n s e r   r o t a t i o n   c e n t e r   t o  

t he   b u n d l e   e d g e s   as  shown  in  F i g .   1 7 .  
■i 

:j  W h i l e   t h o s e   s k i l l e d   in  t he   a r t   w i l l   r e c o g n i z e   t h a t   t h e   p r e -  

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

j  f i l m   web  t r a n s p o r t e r   and  t he   c r o s s - s e c t i o n   d i m e n s i o n s   of  t h e   b u n -  i 
; d l e ,   i t   can  be  s e e n   t h a t   s i g n i f i c a n t   a d v a n t a g e s   a r e   a c h i e v e d   i n  

, b o t h   f i n a l   f o r c e   and  f i n a l   f i l m   e l o n g a t i o n   by  t h e   p r e s e n t   i n v e n -  

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

c o s t   of  the   f i l m   w e b .  

As  shown  in  F i g .   9,  by  c o m p a r i s o n ,   t h e   10  i n c h   by  14  i n c h  

b u n d l e   c o n v e n t i o n a l l y   w o u l d   be  s u p p o r t e d   o n l y   by  a  1 0 - i n c h - w i d e  

c o n v e y o r   110  and  b o t t o m   f i l m   web  t r a n s p o r t e r   1 0 8 .   P r e s u m i n g   t h a t  

, . t h e   b o t t o m   s u p p o r t s   108  and  110  t o t a l   2  i n c h e s   in  h e i g h t ,   t h a t  

j  t h e   b u n d l e   is  c e n t e r e d   and  t h a t   t h e   f i l m   web  r e c o v e r s   b e t w e e n   t h e  

j d i s p e n s e r   and  t he   b u n d l e ,   t h e n   t h e   maximum  w r a p p i n g   r a d i u s   B  i s  

i9.2  i n c h e s   w h i l e   t h e   min imum  r a d i u s   A  is  6  i n c h e s ,   f o r   a  r a t i o   o f  

ij .65  and  a  d i f f e r e n c e   of  3 .2   i n c h e s .   The  r e c o v e r y   a t   e a c h   s i d e   i s  

| thus   at   l e a s t   35%  d u r i n g   w r a p p i n g   and  an  a d d i t i o n a l   3.2%  ( 4 9 . 6  
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i n c h e s   to  48  i n c h e s )   when  t h e   b u n d l e   e x i t s   t he   c o n v e y o r ,   w i t h  

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

b u n d l e   of  33%  to  50%.  

G e n e r a l l y ,   t h e   w i d t h   of  t h e   c o n v e y o r   110  may  be  r e d u c e d  

w h e r e   t h e   b u n d l e   r e s t s   in  a  t r a y   d u r i n g   w r a p p i n g .   T h i s   i s   o f t e n  

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

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

t h e   b o t t o m   of  any  w r a p p i n g   c r o s s - s e c t i o n .   In  t h e   i l l u s t r a t e d  

m e c h a n i s m ,   t h e   mere   u s e   of  c h a i n   as  a  m i n i m u m - w i d t h   f i l m   t r a n s -  

p o r t e r   108  p r e s e n t s   a  m o d e s t   f u r t h e r   r e d u c t i o n   in  f i n a l   r e c o v e r y  

a t   t h e   end  of  a p p l i c a t i o n   m a n d r e l   180  b u t   d o e s   no t   f u r t h e r   d e -  

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

s p e e d   maxima  and  m i n i m a   r e m a i n   c o n s t a n t .   The  w i d t h   of  t o p   f i l m  

web  t r a n s p o r t e r   330  may  be  r e d u c e d   so  t h a t   t h e   e d g e s   of  t r a n s -  

p o r t e r   330  p r e f e r a b l y   s p a n   a t   l e a s t   h a l f   of  the   w i d t h   of  o u t e r -  

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

t h e   m o t i o n   of  t h e   b u n d l e .   L i k e w i s e ,   t h e   h e i g h t   of  t r a n s p o r t e r s  

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

b u n d l e   u n i t s .  

A l t e r n a t i v e   f i l m   web  t r a n s p o r t e r s   b e n e a t h   t h e   b u n d l e   a r e   d e -  

s c r i b e d   in  U .S .   P a t e n t   No.  4 , 3 1 7 , 3 2 2   a s s i g n e d   to   L a n t e c h ,   I n c .  

and  i n c o r p o r a t e d   by  r e f e r e n c e   in  t h i s   a p p l i c a t i o n .  

F i g s .   2  t h r o u g h   4  show  a  f i l m   web  t r a n s p o r t e r   a r r a n g e m e n t  

w h i c h   is  p r e f e r a b l e   when  t h e   w i d e r   s i d e   of  an  o b l o n g   b u n d l e   i s  
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:  v e r t i c a l .   F i l m   web  t r a n s p o r t e r s   210  a r e   p o s i t i o n e d   in  c l o s e  
.  i 
::  p r o x i m i t y   or  in  c o n t a c t   w i t h   o p p o s i n g   w i d e s t   s u r f a c e s ,   w h i c h   a r e  
i 

i|  v e r t i c a l ,   of  t he   t a l l   b u n d l e   40.  Each   f i l m   web  t r a n s p o r t e r   2 1 0  

c o m p r i s e s   a  s k i d - s l e e v e   178  s e c u r e d   to   t h e   f r a m e ,   and  u p s t r e a m  

•  d o u b l e - s h e a v e   p u l l e y   172  and  d o w n s t r e a m   p u l l e y   174  m o u n t e d   a t   o p -  

|  p o s i t e   e n d s   of  t he   s k i d - s l e e v e   178 .   A  b e l t   or  c h a i n   170  e n c i r -  

:  c l e s   one  s h e a v e   of  p u l l e y s   172  and  174 .   B e l t   170  c i r c u l a t e s   in  a  

d o w n s t r e a m   d i r e c t i o n   t o w a r d   p u l l e y   174  w h i l e   e x p o s e d   a t   an  u p p e r  

edge   of  s k i d - s l e e v e   178  t o w a r d   p u l l e y   172 .   U p s t r e a m   p u l l e y   1 7 2  

is   p r e f e r a b l y   l o c a t e d   u p s t r e a m   f rom  t h e   w r a p p i n g   s t a t i o n   4 1 ,  

.  w h i l e   t h e   s k i d - s l e e v e   178  p r e f e r a b l y   e x t e n d s   d o w n s t r e a m   t h r o u g h  

;  and  b e y o n d   t h e   w r a p p i n g   s t a t i o n .   G e n e r a l l y ,   e a c h   s k i d - s l e e v e   1 7 8  

"■  e x t e n d s   v e r t i c a l l y   a c r o s s   an  e n t i r e   v e r t i c a l   f a c e   of  b u n d l e   4 0 ,  

b u t   f o r   s t u r d y   b u n d l e s   may  be  a b b r e v i a t e d   to   e x t e n d   a c r o s s   m e r e l y  

a  p o r t i o n   of  t he   b u n d l e   f a c e .  

T r a n s p o r t e r   m o t o r   162  is  m o u n t e d   to   a  l o w e r   p o r t i o n   of  f r a m e  

38,  and  r o t a t e s   m o t o r   s h a f t   164  a b o u t   i t s   a x i s .   S h a f t   164  e x -  

t e n d s   o u t w a r d l y   on  o p p o s i t e   s i d e s   of  m o t o r   162 .   P u l l e y s   168  a r e  

■  m o u n t e d   to  o p p o s i t e   e n d s   of  a x l e   164  b e l o w   r e s p e c t i v e   p u l l e y s  

{1172.  Each   p u l l e y   168  and  a  s e c o n d   s h e a v e   of  t h e   r e s p e c t i v e   p u l -  

| j l e y   172  a r e   e n c i r c l e d   by  a  v e r t i c a l   b e l t   169 .   T h e r e f o r e ,   o p e r a -  

:  t i o n   of  m o t o r   162  w i l l   d r i v e   t he   c i r c u l a t i o n   of  s i d e   c o n v e y o r  

■ b e l t s   170 .   As  t he   u p p e r   p o r t i o n   of  e a c h   b e l t   170  moves   d o w n -  

s t r e a m ,   i t   c a r r i e s   w i t h   i t   any  f i l m   web  58  w h i c h   may  be  w r a p p e d  
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i 

a r o u n d   the   s k i d - s l e e v e   178 .   The  s k i d - s l e e v e   178  is  p r e f e r a b l y  

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

'  v i t h   t h e   f i l m   web  5 8 .  

F i g s .   19  t h r o u g h   21  show  a  f i l m   web  t r a n s p o r t e r   a r r a n g e m e n t  

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

h o r i z o n t a l .   A  t o p   c o n v e y o r   330  is  d r i v e n   to   c a r r y   f i l m   web  58  i s  

w r a p p e d   a l o n g   t h e   t o p   of  t h e   c o n v e y o r   330  in  s a i d   d o w n s t r e a m   d i -  

i  r e c t i o n   at   t he   same  s p e e d   as  t h e   b u n d l e .   The  t o p   c o n v e y o r   3 3 0  

c o m p r i s e s   b e l t s   or  c h a i n s   332  r o t a t i n g   a c r o s s   u p s t r e a m   r o l l e r s  

'  
334  and   d o w n s t r e a m   r o l l e r s   336 ,   b e n e a t h   c o n v e y o r   s u p p o r t   p l a t e  

;  338 .   The  r o l l e r s   334  and  336  a r e   j o u r n a l l e d   to  t h e   s u p p o r t   p l a t e  

338.   S u p p o r t   p l a t e   338  e x t e n d s   u p s t r e a m   f rom  t h e   w r a p p i n g   a r e a  

and  i s   f i x e d   to  t h e   f r a m e   of  t h e   a p p a r a t u s   to  s u p p o r t   t o p   c o n -  

v e y o r   330.   M o t o r   340  and  d u a l   o u t p u t   r e d u c e r   344  a r e   m o u n t e d   t o  

f r a m e   38  u p s t r e a m   of  t h e   w r a p p i n g   a r e a .   M o t o r   s h a f t   342  is  c o u -  

p l e d   to   r e d u c e r   344 ,   and  t h e   o u t p u t   s h a f t s   of  r e d u c e r   344  a r e  

c o u p l e d   to   r o l l e r s   334 .   M o t o r   340  w i l l   d r i v e   r o l l e r s   334  to  r o -  

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

332  d o w n s t r e a m   w i t h   t h e   b u n d l e .  

■!  O t h e r   g r e a t l y   p r e f e r r e d   f i l m   web  t r a n s p o r t e r   a r r a n g e m e n t s  

\  a r e   shown   in  F i g .   16  and  17.  B e l t s   or  c h a i n s   332a  and   132a   f o r m  

;'  t h e   e d g e   s u r f a c e s   of  t h e   f i l m   t r a n s p o r t e r s   108  and  330  to   s u s p e n d  

t h e   f i l m   web  b e t w e e n   t h e m .   T h i s   a r r a n g e m e n t   has   p r o v e n   e s p e -  

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

erson  b u n d l e s   . RETT  I  IN 
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i  T h i s   c o n s t r u c t i o n   a l l o w s   the   f i l m   web  to  be  w r a p p e d   a r o u n d   a  

,  |  b u n d l e   40  c a r r i e d   f rom  t h e   i n f e e d   c o n v e y o r   31  o n t o   t h e   w r a p p i n g  

:  s t a t i o n   41.  The  s t r e t c h e d   web  is  i n i t i a l l y   w r a p p e d   a r o u n d   t h e  

b o t t o m   t a n s p o r t e r   108  and  e i t h e r   two  s i d e   c o n v e y o r s   210  or   a  t o p  

;i  c o n v e y o r   330 ,   w i t h   b o t h   t h e   b u n d l e   and  w r a p p e d   f i l m   web  b e i n g  
1  c a r r i e d   by  t h e   c o n v e y o r   a s s e m b l y   and  t r a n s p o r t e r s   in  t h e   same  d i -  

r e c t i o n .   The  f i l m   web  a p p l i e d   to  m a n d r e l   180  f o r m s   a  t u b e   w h i c h  

.;  moves   o f f   t h e   t h e   d o w n s t r e a m   end  of  m a n d r e l   180  and  r e c o v e r s ,  

;  s t i l l   u n d e r   t e n s i o n   o n t o   t h e   b u n d l e   40  e m e r g i n g   f rom  w i t h i n   t h e  

;  m a n d r e l .   Even  if   t h e   a p p l i c a t i o n   m a n d e l   is  w r a p p e d   w i t h   a  v e r y  

!  h i g h   wrap  f o r c e ,   t he   u n i f o r m   p a r t i a l   r e c o v e r y   of  f i l m   web  a l l o w s  

;  f r a g i l e   b u n d l e s   to  e x p e r i e n c e   b a l a n c e d   f o r c e s   on  o p p o s i n g   s u r -  

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

I  T h i s   a v o i d s   b u n d l e   c o l l a p s e   w h i c h   w o u l d   h a v e   o c c u r r e d   u s i n g   c o n -  

v e n t i o n a l   a r r a n g e m e n t s   a t   h i g h   wrap  f o r c e s .  

;  As  shown  in  F i g .   18,  t h e   b u n d l e s   40  p r e f e r a b l y   a r e   s p a c e d  

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

b u n d l e s   can  be  s e v e r e d   by  any  c o n v e n t i o n a l   c u t t i n g   d e v i c e   4 0 0  

d o w n s t r e a m   of  t h e   m a n d r e l   180 .   C o n t i n u o u s l y   w r a p p e d   b u n d l e s   a r e  

■  i  t a k e n   o f f   of  t h e   a p p a r a t u s   and  a r e   s e v e r e d   i n t o   s e p a r a t e   b u n d l e s  

jjon  c o n v e y o r   33  away  f rom  t h e   a p p a r a t u s .   A c c o r d i n g   to  t h e   p r e s e n t  
!j  . 
jj  i n v e n t i o n ,   t h e   f i l m   web  t u b e   p o r t i o n s   e x t e n d i n g   b e f o r e   and  b e h i n d  
i 
b u n d l e s   a f t e r   s e v e r a n c e   p r o m p t l y   r e c o v e r   u n d e r   t e n s i o n   a g a i n s t  

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

i 
i  '■ 
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:  f o r m   t i g h t   b u l l ' s - e y e   p a t t e r n s   40a  on  t h e   ends   of  t h e   b u n d l e .  

!j  The  c o n t a i n m e n t   f o r c e   e x e r t e d   on  b u n d l e   e n d s   is  i m p r o v e d   due  t o  

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

■  d i e s   and  the   s p a c e s   t h e r e b e t w e e n .  

;  I n f e e d   c o n v e y o r   31  b r i n g s   e a c h   b u n d l e   40  o n t o   c o n v e y o r   1 1 0  

w h i c h   t h e n   c a r r i e s   t h e   b u n d l e   t h r o u g h   e a c h   of  t he   two  w r a p   s t a -  

'  t i o n s   41  w i t h i n   t h e   a p p l i c a t o r   m a n d r e l   180 .   At  s t a r t u p ,   t h e  

l e a d i n g   e d g e s   of  t h e   f i l m   webs   58  a r e   h e l d   b e n e a t h   t r a n s p o r t e r  

;  1 0 8 .   One  way  to   h o l d   t he   webs   a t   s t a r t u p   is   to  t i e   t h e   l e a d i n g  

:  end   of   t he   web  58  f rom  s t a g e   35  to   t h e   l e a d i n g   end  of  t h e   web  58  

•j  f r o m   s t a g e   36  b e n e a t h   t r a n s p o r t e r   108 .   As  shown  in  c o - p e n d i n g  

^ a p p l i c a t i o n   S e r i a l   Number   5 8 2 , 7 7 9 ,   e a c h   d i s p e n s e r   41  i s   p o s i -  

.  t i o n e d   and  a r r a n g e d   to  o r b i t   t h e   a p p l i c a t o r   m a n d r e l   in  a  d i r e c -  

t i o n   o p p o s i t e   t h a t   of  t he   o t h e r   d i s p e n s e r   41,   so  t h a t   t h e   t w o  

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

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

c o m p o n e n t s   due  to   t h e   m o t i o n   of  t h e   m a n d r e l   and  b u n d l e .  

As  each   b a r r e l   50  r o t a t e s ,   f i l m   is  d r a w n   a c r o s s   t h e   s u r f a c e  

. o f   d o w n s t r e a m   r o l l e r   74  to  e n c i r c l e   t h e   a p p l i c a t o r   m a n d r e l   1 8 0 .  

■The  r o t a t i o n   s p e e d   of  r o l l e r   74  is   p r o p o r t i o n a l   to   t h e   r o t a t i o n  

s p e e d   of  t h e   r a c e   44  and  i n d e p e n d e n t   of  t h e   demand   f o r   f i l m   w e b  
■  i 

jj58  a t   t h e   b u n d l e .   If   c h a i n   77  e n g a g e s   g e a r s   76,  78  and   87,   t h e n  

1  t h e   r o t a t i o n   s p e e d   of  u p s t r e a m   r o l l e r   72  is  h e l d   to   a  c o n s t a n t  

r a t i o   of  t h a t   of  d o w n s t r e a m   r o l l e r   74,   so  t h a t   u p s t r e a m   r o l l e r   7 2  
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d r a w s   f i l m   58  f rom  f i l m   r o l l   56.  The  f i l m   web  is  s t r e t c h e d   b o t h  

d u r i n g   p a s s a g e   b e t w e e n   t h e   r o l l e r s   72  and  74,  due   to   t h e i r   r e l a -  
i 

■  \  t i v e   s p e e d   r a t i o ,   and  b e t w e e n   r o l l e r   74  and  t h e   a p p l i c a t o r   m a n -  
'i 
j  d r e l .   A l t e r n a t i v e l y ,   r o l l e r   72  can   be  r e m o v e d   or   a l l o w e d   t o  

•  f r e e w h e e l   by  r e m o v i n g   c h a i n   77  or  by  d i s e n g a g i n g   g e a r   76  t h r o u g h  

I  a  c l u t c h   m e c h a n i s m   so  t h a t   no  p r e - s t r e t c h   is  e x e r t e d   on  web  58  

,  b u t   t h e   web  58  is  s t i l l   d r a w n   to  and  d i s p e n s e d   a c r o s s   r o l l e r   74  

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

,  r o l l e r   74  and  t h e   m a n d r e l .  

At  t he   i m p r o v e d   o p e r a t i n g   s p e e d   of  b a r r e l   50,  w h i c h   is  t y p i -  

c a l l y   40  to  60  rpm,  t h e   h i g h   d e m a n d   s p e e d   of  f i l m   web  58  a t   m a n -  

d r e l   180  c a u s e s   e l o n g a t i o n   of  web  58  a t   t h e   m a n d r e l   s u b s t a n t i a l l y  

b e y o n d   t he   y i e l d   p o i n t   of  t h e   f i l m   web  b e t w e e n   t h e   f i l m   web  d i s -  

•  p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .   The  s t r e s s - s t r a i n   c h a r a c t e r -  

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

l i n e a r   wrap  f o r c e   r a n g e .   The  d i r e c t i o n   of  t h e   w r a p   f o r c e   v a r i e s  

as  t h e   f i l m   web  d i s p e n s e r   o r b i t s   t h e   a p p l i c a t o r   m a n d r e l   1 8 0 .  

H o w e v e r ,   a p p l i c a t o r   m a n d r e l   180 ,   w h i c h   i n c l u d e s   c o n v e y o r   110  a n d  

t r a n s p o r t e r   108  in  c o m b i n a t i o n   w i t h   t r a n s p o r t e r   330  or  t r a n s -  

i  p o r t e r s   210,   s u p p o r t s   t h e   b u n d l e   and  r e s i s t s   t h e   f o r c e   f rom  a n y  

: j o f   i t s   d i r e c t i o n s .  
•  j 
j  T h u s ,   t h e   p r e s e n t   i n v e n t i o n   a c h i e v e s   s i g n i f i c a n t l y   i n c r e a s e d  

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

t h e   r a t e   of  f a i l u r e   of  t h e   f i l m   web.   The  f i l m   web  r e m a i n s   i n t a c t  
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e v e n   i f   a  h o l e   d e v e l o p s   in  t h e   f i l m   web.   T h i s   is  b e c a u s e   t h e  

•i  c o n t r o l l e d   s u p p l y   s y s t e m   w i l l   c o n t i n u e   to   d i s p e n s e   f i l m   i n d e p e n -  

i  d e n t   of  i t s   b e i n g   w e a k e n e d   by  t h e   h o l e .   T h u s ,   no  d i s p e n s e r   o r  
ii 
.,'  p r e - s t r e t c h   m e c h a n i s m   s h u t - d o w n   o c c u r s .  

*  A f t e r   one  w r a p   has   b e e n   made  a r o u n d   t h e   m a n d r e l   1 8 0 ,   t h e  

:  l e a d i n g   edge   of  t h e   web  58  is  h e l d   f i r m l y   b e n e a t h   t h e   o v e r l y i n g  

;  web  58.   A  number   of  w r a p s   a r e   p l a c e d   a r o u n d   t h e   m a n d r e l   w h i c h  

'.:  c a r r i e s   t h e   w r a p p e d   web  and  t h e   b u n d l e   d o w n s t r e a m .   The  c o m b i n a -  

,|  t i o n   of  d i s p e n s e r   c i r c u l a r   m o t i o n   and  m a n d r e l / b u n d l e   l i n e a r   m o -  

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

:  c o m p o n e n t   a t   t he   f i r s t   d i s p e n s e r   and  a  s e c o n d   c i r c u l a r   c o m p o n e n t ,  

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

n o t e d   t h a t   t h e r e   is  a  s p a c e   b e t w e e n   t h e   d o w n s t r e a m   end  o f  

.  a p p l i c a t o r   m a n d r e l   180  a t   t h e   s e c o n d   w r a p p i n g   s t a g e   and   t h e  

:  t a k e - o f f   c o n v e y o r   33  a l l o w i n g   t h e   s t r e t c h e d   f i l m   web  to   r e c o v e r  

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

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

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

.  web  c i r c u m f e r e n c e   is   a c c o m p a n i e d   by  a  r e d u c t i o n   in  b u n d l e   f o r c e ,  

jj  t h u s   a v o i d i n g   t h e   b u n d l e   c r u s h i n g   and  t h e   f i l m   web  f a i l u r e   e x p e -  
!i 
!i  r i e n c e d   a t   p e a k   f o r c e s   in  t h e   p r i o r   a r t .  
!  i 
•j  In  t h e   c o n t i n u o u s   w r a p p i n g   o p e r a t i o n ,   t h e   b u n d l e s   a r e   c o n -  

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

• o f   t h e   a p p l i c a t o r   m a n d r e l ,   and  t h e n   o n t o   t a k e - o f f   c o n v e y o r   3 3 .  
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i  The  b u n d l e s   a r e   t h e n   s e v e r e d   b e t w e e n   t h e   s p a c e d   f i l m   a r e a s   a s  

jj  p r e v i o u s l y   d i s c u s s e d   and  t a k e n   away  to  a n o t h e r   t r a n s p o r t   a r e a .  
;i 
.!  The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   t o w a r d   a  p r o c e s s   w h i c h  

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

1  r u p t u r e   and  l o w - f o r c e   i n e f f i c i e n c i e s   due  to  u n r e l i a b l e   c o n t a i n -  

!  ment   p r e s e n t   in  c o n v e n t i o n a l   w r a p p i n g   s y s t e m s .   I t   d o e s   so  b y  

' ' m a n a g i n g   t h e   s u p p l y   s p e e d   and  s t r e s s - s t r a i n   c h a r a c t e r i s t i c s   o f  

[\  t h e   f i l m   web  and  p r e v e n t i n g   the   f o r c e   on  t h e   f i l m   web  f rom  c o n -  

;  t r o l l i n g   t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  f rom  t h e   f i l m   web  d i s -  

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

:  f o r c e   of  t h e   f i l m   web  on  t he   b u n d l e ,   r e l i a b l y   a v o i d s   b o t h   b u n d l e  

f a i l u r e   and  f i l m   web  f a i l u r e   d u r i n g   w r a p p i n g ,   m i n i m i z e s   w r i n k l e s  

;  in  wide   f i l m   web,  and  p e r m i t s   o p e r a t i o n   a t   h i g h e r   t h r o u g h p u t   a n d  

f i l m   web  s p e e d s   t h a n   p r e v i o u s l y   p o s s i b l e   in  c o n v e n t i o n a l   s y s t e m s .  

In  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

:  a  p r o c e s s   f o r   w r a p p i n g   a  b u n d l e   40  w i t h   t h e   f i l m   web  58  d i s p e n s e d  

•  f rom  a  f i l m   web  d i s p e n s e r   70  c o m p r i s i n g   m o v i n g   t h e   b u n d l e   40  i n t o  

i  an  a p p l i c a t o r   m a n d r e l   180 ,   r e v o l v i n g   t h e   f i l m   web  d i s p e n s e r   70  

jj  r e l a t i v e   to  t h e   a p p l i c a t o r   m a n d r e l   180 ,   d i s p e n s i n g   t h e   f i l m   w e b  

:  180  f rom  t h e   f i l m   web  d i s p e n s e r   70  o n t o   t h e   a p p l i c a t o r   m a n d r e l  

I  180  a t   a  c o n s t a n t   s u p p l y   s p e e d ,   t r a n s p o r t i n g   t h e   f i l m   web  58  

'■•■  w r a p p e d   a r o u n d   t he   a p p l i c a t o r   m a n d r e l   180  b e y o n d   t h e   d o w n s t r e a m  1  i 
end  of  t h e   a p p l i c a t o r   m a n d r e l   180 ,   c o n t i n u i n g   m o v i n g   t h e   b u n d l e  

|  40  b e y o n d   t h e   d o w n s t r e a m   end  of  t h e   a p p l i c a t o r   m a n d r e l ,   a n d  
■R3ON 
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a p p l y i n g   t h e   f i l m   web  58  f r o m   t he   a p p l i c a t o r   m a n d r e l   180  o n t o   t h e  

b u n d l e   40  so  as  to  p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   web  58  

a f t e r   i t   ha s   b e e n   a p p l i e d   o n t o   t h e   b u n d l e   4 0 .  

The  s u p p l y   s p e e d   of  t h e   f i l m   web  a t   t h e   f i l m   web  d i s p e n s e r  

is   p r e f e r a b l y   p r e v e n t e d   f rom  i n c r e a s i n g   by  r e s t r a i n i n g   and  r e -  

t a r d i n g   t h e   f i l m   web  b e i n g   d i s p e n s e d   by  t h e   f i l m   web  d i s p e n s e r   a t  

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

a p p l i c a t o r   m a n d r e l .  

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

s t r e t c h e d   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n -  

d r e l .   Such   s t r e t c h   can  be  i d e n t i f i e d   by  o b s e r v i n g   a  f i l m   w e b  

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

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

p r e - s t r e t c h   r o l l e r s   in  t h e   f i l m   web  d i s p e n s e r .  

F i g .   5,  shows   t h a t   t h e   s p e e d   of  f i l m   t a k e   up  or  d e m a n d   a t  

t h e   w r a p p e d   o b j e c t   i n d i c a t e d   by  t h e   c u r v e   150 ,   v a r i e s   as  t h e   b a r -  

r e l   50  r o t a t e s   a b o u t   t h e   r e c t a n g u l a r   m a n d r e l   180  and  b u n d l e   4 0 .  

In  p a r t i c u l a r ,   a  min imum  p o i n t   152  o c c u r s   as  e a c h   e d g e   is  e n c o u n -  

t e r e d   and  is   f o l l o w e d   by  a  maximum  p o i n t   1 5 4 .  

F i g .   6  i l l u s t r a t e s   a  f i l m   p a y o u t   s p e e d   or  s u p p l y   f u n c t i o n ,  

i  i n d i c a t e d   a t   162 ,   w h i c h   is   e x h i b i t e d   by  t h e   p r e s e n t   i n v e n t i o n   a t  

!  t h e   d o w n s t r e a m   r o l l e r   74  of  t h e   f i l m   web  d i s p e n s e r .   T h i s   s h o w s  

■  t h a t   t h e   s u p p l y   f u n c t i o n   is   s u b s t a n t i a l l y   c o n s t a n t   or  f l a t   e v e n  

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

rricts  • 
4ENDER5ON  .  - 4 8 ~  
,  GARRETT 
rWER  <! 
KCCT.  N.W.  ,  • .o.c.zoooa  , >a-«aso 

I 



0 2 2 4 7 6 6  

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

•  r o l l e r   74  is  c o n t r o l l e d   so  as  to   r e m a i n   c o n s t a n t   w h i l e   b a r r e l   50  

'.  and  r a c e   48  e a c h   o p e r a t e   a t   c o n s t a n t   s p e e d .  
!j 
|  F i g .   7  i l l u s t r a t e s   a  c u r v e   of  t h e   f o r c e   and  e l o n g a t i o n   o f  

;  t h e   f i l m   web  on  t h e   b u n d l e   in  w h i c h   f i l m   web  f o r c e   and  e l o n g a t i o n  

;  is   l o c k e d   in  a t   e a c h   b u n d l e   edge   a t   e a c h   min imum  p o i n t   142  b e l o w  

•  t h e   p r i o r   maximum  p o i n t   144  w h e r e   e l o n g a t i o n   was  g r e a t e s t .   I n  

c o n v e n t i o n a l   b u n d l e r s ,   e l o n g a t i o n   at   t h e   w r a p p e d   o b j e c t   f l u c t u -  

:  a t e d   in  a  s i m i l a r   p a t t e r n .   H o w e v e r   e l o n g a t i o n   was  a l w a y s   l e s s  

t h a n   p r e - s t r e t c h   e l o n g a t i o n .   A l s o ,   t h e   t h e   maximum  f o r c e   c o r r e -  

s p o n d i n g   to  p o i n t   144  was  a l w a y s   r e d u c e d   by  t h e   m e c h a n i c a l   a d v a n -  

t a g e   or  m o t o r   t o r q u e   of  t h e   p r e - s t r e t c h   d e v i s e   to   a  f o r c e   s u b -  

s t a n t i a l l y   l e s s   t h a n   t h e   f o r c e   e x e r t e d   on  t h e   f i l m   web  b e t w e e n  

t h e   p r e - s t r e t c h   r o l l e r s .  

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

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

. eb   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l  

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

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

,j  i n v e n t i o n   to  m a i n t a i n   t h e   f i l m   web  b e t w e e n   t he   f i l m   web  d i s p e n s e r  

'|  and  the   a p p l i c a t o r   m a n d r e l   in  t h e   l i n e a r   s t r e s s - s t r a i n   r a n g e   b e -  

|  yond  t h e   y i e l d   p o i n t   t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   d i s -  

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

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

web  is  p o s i t i o n e d   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e  

a p p l i c a t o r   m a n d r e l .  

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

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

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

f r o m   t h e   f i l m   web  d i s p e n s e r .   H o w e v e r ,   w i t h   b u n d l e s   l e s s   o b l o n g   ; 

in  c r o s s - s e c t i o n ,   t h e   f i l m   web  is  p r e - s t r e t c h e d   b e y o n d   i t s   p r e -   | 

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

f i l m   web  d i s p e n s e r   p r i o r   to   s u b s e q u e n t l y   p o s t - s t r e t c h i n g   t h e   f i l m   j 

web  b e y o n d   i t s   p o s t - s t r e t c h   y i e l d   p o i n t   to  f u r t h e r   p l a s t i c a l l y   l 

d e f o r m   t h e   f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e  

a p p l i c a t o r   m a n d r e l .  

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

r a n g e   of  141  of  f i l m   web  58  is  i s o l a t e d   b e t w e e n   u p s t r e a m   r o l l e r  

72  and  d o w n s t r e a m   r o l l e r   74,   s e c o n d a r y   s t r e t c h   b e t w e e n   t h e   d o w n -  

s t r e a m   r o l l e r   and  t h e   a p p l i c a t o r   m a n d r e l   c a u s e s   t h e   f i l m   web  58  

to   f o l l o w   a  f o r c e - e l o n g a t i o n   c u r v e   275 ,   i l l u s t r a t e d   in  F i g .   1 4 .  

T h i s   c u r v e   e x h i b i t s   a  s e c o n d a r y   l i n e a r   wrap   f o r c e   r a n g e   277  b e -   ; 

t w e e n   t h e   s e c o n d a r y   y i e l d   p o i n t   r a n g e   241  and  t h e   b r e a k   p o i n t   \ 

249 .   The  s e c o n d a r y   y i e l d   p o i n t   241  is   f o u n d   at   e l o n g a t i o n s   a n d  

f o r c e s   s l i g h t l y   l o w e r   t h a n   a t   p r e - s t r e t c h   o p e r a t i n g   p o i n t   1 4 8 ,  

and   i n c r e a s e s   when  p r e - s t r e t c h   e l o n g a t i o n   is  i n c r e a s e d .   T h e  

r a n g e   277  g e n e r a l l y   is  f o u n d   a t   h i g h e r   e l o n g a t i o n s   and  l o w e r  
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f o r c e s   t h a n   t h e   p r e - s t r e t c h   o p e r a t i n g   p o i n t   148 .   The  p r e s e n t  

;j  i n v e n t i o n   p r e f e r a b l y   u t i l i z e s   a  p o r t i o n   of  t h e   l i n e a r   w r a p   f o r c e  

■j  r a n g e   277  e x e m p l i f i e d   by  t he   min imum  276  and  maximum  278 .   F o r c e  
li 
I  and  e l o n g a t i o n   a r e   l o c k e d   in  a t   m i n i m a   276  a n d ,   as  t h e   b u n d l e   a n d  
i 

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

:!  b u n d l e   f o r c e   and  e l o n g a t i o n   a t   r e c o v e r y   p o i n t   279 ,   w e l l   a b o v e   t h e  

i  f i n a l   f o r c e   and  e l o n g a t i o n   at  p o i n t   142  w h i c h   was  t h a t   a t   w h i c h  

j  c o n v e n t i o n a l   p r o c e s s e s   o p e r a t e d .  

;j  To  p e r f o r m   t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   w i t h o u t   p r e -  

:  s t r e t c h i n g   t h e   f i l m   web,  u p s t r e a m   r o l l e r   72  is   a l l o w e d   t o  

■[  f r e e w h e e l   by  r e m o v i n g   c h a i n   77  or  o t h e r w i s e   d e c o u p l i n g   g e a r s   7 6  

ij  and  78  in  any  w e l l - k n o w n   c o n v e n t i o n a l   m a n n e r .   A l t e r n a t i v e l y ,  
■  i 
•i  r o l l e r   72  c o u l d   be  r e m o v e d .   T h i s   r e s u l t s   in  a  d i f f e r e n t  
■  i 
I  s t r e s s - s t r a i n   r e l a t i o n   on  t h e   f i l m   web  b e t w e e n   t h e   d o w n s t r e a m  

:  r o l l e r   74  an  a p p l i c a t i o n   m a n d r e l   180 .   In  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n ,   i f   t h e   f i l m   web  is  s t r e t c h e d   o n l y   b e t w e e n  

d o w n s t r e a m   r o l l e r   74  and  a p p l i c a t o r   m a n d r e l   180  i t s   s t r e s s - s t r a i n  

r e l a t i o n s h i p   is  shown   in  F i g .   15  as  c u r v e   273 .   T h i s   c u r v e   e x h i b -  

'  i t s   a  b r o a d   y i e l d   p o i n t   r e g i o n   272  f o l l o w e d   by  a  b r o a d   l i n e a r  
■  i 
;|  wrap   f o r c e   r a n g e   271  d u r i n g   w h i c h   p l a s t i c   d e f o r m a t i o n   o c c u r s   i n  
!l 
i|  t h e   f i l m   web.   T h i s   l i n e a r   wrap   f o r c e   r a n g e   is   b r o a d e r   t h a n   t h e  

■  l i n e a r   w r a p   f o r c e   r a n g e   277  f o r   p r e - s t r e t c h e d   f i l m .  

;  In  t h i s   n o n - p r e - s t r e t c h e d   s i t u a t i o n ,   w h e r e   i n i t i a l   s t r e t c h  

'  o c c u r s   o v e r   a  l o n g   f i l m   p a t h ,   t he   web  w i d t h   is   r e d u c e d  

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

m a n d r e l   180 .   T h i s   p h e n o m e n o n   is  known  as  n e c k d o w n .   N e c k d o w n   c a n  

be  s h a r p l y   i n h i b i t e d   by  p r e - s t r e t c h i n g   t h e   f i l m   web  b e t w e e n  

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

a p p l i c a t o r   m a n d r e l   180 .   The  f o r c e   l e v e l   or   s t r e s s   in  r a n g e   2 7 1  

is  g e n e r a l l y   l o w e r   t h a n   a t   p r e - s t r e t c h   f i l m   webs  in  p r e - s t r e t c h  

o p e r a t i n g   p o i n t   148  or  r a n g e   277 .   The  l i n e a r   w r a p   f o r c e   r a n g e  

271  e x t e n d s   b e t w e e n   t he   b r o a d   y i e l d   p o i n t   r a n g e   272  and  t h e   b r e a k  

p o i n t   250  o v e r   a  w i d e r   v a r i a t i o n   of  s t r a i n   e l o n g a t i o n .   Y i e l d  

p o i n t   r a n g e   272  o c c u r s   at  a  s l i g h t l y   l o w e r   s t r a i n   e l o n g a t i o n   a n d  

f o r c e   l e v e l   or  s t r e s s   t h a n   t h e   p r e - s t r e t c h   y i e l d   p o i n t   141  b e -  

t w e e n   r o l l e r s .   A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   i t   is   p r e f e r -  

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

b e t w e e n   e x e m p l a r y   maximum  270  and  min imum  274  as  e a c h   s i d e   of  t h e  

a p p l i c a t o r   m a n d r e l   is   w r a p p e d .   F o r c e   and  e l o n g a t i o n   a r e   l o c k e d  

in  at   e a c h   m in imum  274.   As  t h e   b u n d l e   and  t h e   t h e   web  move  b e -  

yond   t h e   a p p l i c a t o r   m a n d r e l   180 ,   r e c o v e r y   of  t h e   f i l m   web  o n t o  

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

280 .   W h i l e   s t r a i n   e l o n g a t i o n   at   p o i n t   280  w i t h o u t   p r e - s t r e t c h  

:  may  or  may  no t   be  as  g r e a t   as  t h a t   of  c o n v e n t i o n a l   p r o c e s s e s ,   d e -  

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

.\  f o r c e   of  t h e   f i l m   web  on  t h e   b u n d l e   40  is   s i g n i f i c a n t l y   i m p r o v e d .  

:  A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f i l m   web  is   d i s -  

'  
p e n s e d   f r o m   d o w n s t r e a m   r o l l e r   74  a t   a  c o n s t a n t   s u p p l y   s p e e d .  

s 
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D o w n s t r e a m   r o l l e r   74  of  t h e   f i l m   web  d i s p e n s e r   and  t h u s   t h e   f i l m  

web  is  r e s t r a i n e d   s u f f i c i e n t l y   b e l o w   t h e   l o w e s t   t a k e u p   or  d e m a n d  

s p e e d   a t   a p p l i c a t o r   m a n d r e l   180  to  a p p l y   s t r e t c h   to  t h e   f i l m   w e b  
ij 
•  b e t w e e n   t he   d i s p e n s e r   and  t h e   m a n d r e l   s u b s t a n t i a l l y   w i t h i n   t h e  

g e n t l e   s l o p e d   l i n e a r   w r a p   f o r c e   r a n g e s   271  or  277  of  t h e   r e s p e c -  

t i v e   c u r v e s   273  and  275,   d e p e n d i n g   on  w h e t h e r   or   no t   t h e   f i l m   i s  

p r e - s t r e t c h e d .   Due  to  t h e   g e n t l e   s l o p e   of  t h e   c u r v e   in  t h i s  

r a n g e ,   t h e   m a n d r e l   180  as  w e l l   as  t h e   f i l m   web  and  t h u s   t h e   f i l m  

web  d i s p e n s e r   e x p e r i e n c e s   a  s u b s t a n t i a l l y   c o n s t a n t   w r a p   f o r c e   r e -  

g a r d l e s s   of  v a r i a t i o n   in  e l o n g a t i o n   due  to  t h e   v a r y i n g   d e m a n d   f o r  

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

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

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

wrap   f o r c e   on  t h e   m a n d r e l   due   to   t h e   d e c r e a s e   in  c r o s s - s e c t i o n  

f rom  m a n d r e l   to  b u n d l e .  

As  t he   i n i t i a l   p r e - s t r e t c h   r a t i o   e x e r t e d   b e t w e e n   u p s t r e a m  

r o l l e r   72  and  d o w n s t r e a m   r o l l e r   74  is   i n c r e a s e d ,   t h e   s t r e s s   f o r c e  

l e v e l   of  t he   s e c o n d a r y   l i n e a r   w r a p   f o r c e   r a n g e   277  w i l l   i n c r e a s e ,  

;  n e c k d o w n   of  t h e   web  b e t w e e n   t h e   d o w n s t r e a m   r o l l e r   and  t h e   m a n d r e l  

.  w i l l   d e c r e a s e ,   and  t h e   s p a n   of  s e c o n d a r y   e l o n g a t i o n   w i t h i n   t h e  

H  r a n g e   277  w i l l   d e c r e a s e .   C o n v e r s e l y ,   r e d u c t i o n   of  t h e   p r e -  

.:  s t r e t c h   r a t i o   w i l l   d e c r e a s e   t h e   s e c o n d a r y   c o n s t a n t   w r a p   s t r e s s  
■  t 
•|  f o r c e   l e v e l ,   i n c r e a s e   n e c k d o w n ,   and  i n c r e a s e   t h e   " w i d t h , "   o r  

r a n g e   of  s t r e t c h ,   of  t h e   l i n e a r   wrap   f o r c e   r a n g e   277 .   T h e r e f o r e ,  

■ICC»  , ENDERSON  -j  f . -  sarrett  :  ""  d  3  "* 
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t h e   p r o c e s s   is   p r e f e r a b l y   u s e d   at   l e s s e r   p r e - s t r e t c h   w h e n  

'  w r a p p i n g   w i d e r   or   t a l l e r   m a n d r e l s   and  d e l i c a t e   b u n d l e s   t h a t   r e -  

i  q u i r e   low  f o r c e .   The  r o t a t i o n   r a t e   of  i n n e r   r a c e   48  is  a d j u s t e d  

!  in  o r d e r   to  r a i s e   or  l o w e r   t h e   s u p p l y   s p e e d   of  t h e   f i l m   web,   i n  

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

f e r e n t   s h a p e   or   s i z e .   I t   may  a l s o   be  n e c e s s a r y   to   c o n f i g u r e   t h e  

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

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

t h e   w r a p   f o r c e .  

W h i l e   t h e   u s e   of  p r e - s t r e t c h e d   f i l m   web  is  more   e c o n o m i c a l ,  

f i l m   web  w i t h   l i t t l e   or  no  p r e - s t r e t c h   may  be  u s e f u l   w h e r e   t h e  

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

.  a t i o n s .   In  s u c h   s i t u a t i o n s ,   t h e   w i d e   l i n e a r   w r a p   f o r c e   r a n g e   2 7 1  

'  of  s t r e t c h   of  n o n - p r e - s t   r e t c h e d   f i l m   web  a c c o m m o d a t e s   t h e   t a k e u p  

s p e e d   v a r i a t i o n s .  

C e r t a i n   t y p e s   of  b u n d l e s   show  e x t r e m e   d i f f e r e n c e s   in  h e i g h t  

r e l a t i v e   to  w i d t h .   T h e s e   i n c l u d e   b o t h   e x t r e m e l y   t a l l   b u n d l e s   a n d  

e x t r e m e l y   w i d e   b u n d l e s .   Such  b u n d l e s   e x h i b i t   t h e   m o s t   e x t r e m e  

v a r i a t i o n s   in  web  t a k e u p   s p e e d   and  r e q u i r e   t h e   w i d e s t   l i n e a r   w r a p  

f o r c e   r a n g e s   277  or   271 .   An  i d e a l   b u n d l e   w i t h o u t   s t r e t c h   v a r i a -  
\\ 
''■  t i o n   w o u l d   o f f e r   a  c i r c u l a r   w r a p p i n g   c r o s s - s e c t i o n   c e n t e r e d   o n  
i 

t h e   a x i s   of  r e v o l u t i o n   of  t h e   d i s p e n s e r s .   Among  r e c t a n g u l a r   b u n -  

■  ':  d i e s ,   a  s q u a r e   c r o s s - s e c t i o n   c e n t e r e d   on  t h e   a x i s   of  r e v o l u t i o n  

of  t h e   d i s p e n s e r s   e x h i b i t   m i n i m a l   v a r i a t i o n s   in  t a k e u p   s p e e d   a n d  

'.  INI 
:rson  !  - 5 4 -   ■** 
LETT 

m 
.w.  *H 
oooe  " 
o  , 



0 2 2 4 7 6 6  

s e c o n d a r y   s t r e t c h .   A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   t h e  

|  w r a p p i n g   c r o s s - s e c t i o n   e x p e r i e n c e d   by  t h e   f i l m   web  is  m o d i f i e d   i n  
! 

l!  o r d e r   to  m i n i m i z e   d i f f e r e n c e s   b e t w e e n   h e i g h t   and  w i d t h ,   a n d  
•I 
!  t h e r e b y   m i n i m i z e   f l u c t u a t i o n s   in  e l o n g a t i o n   a b o v e   t h e   y i e l d  

■  p o i n t .   At  t h e   same  t i m e ,   t h i s   s y s t e m   a d v a n t a g e o u s l y   p r e v e n t s  

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

■  wrap   f o r c e .  

C r o s s - s e c t i o n   a d j u s t m e n t   is  a c c o m p l i s h e d   by  p l a c e m e n t   o f  

i  a p p l i c a t o r   m a n d r e l   180  in  t h e   w r a p p i n g   a r e a   s u r r o u n d e d   by  b a r r e l  

;  50,  p r e f e r a b l y   c e n t e r e d   on  t h e   r e v o l u t i o n   a x i s   of  r a c e   4 4 .  

i  One  way  to   c o n f i r m   t h a t   t h e   s y s t e m   is  s t r e t c h i n g   t h e   f i l m  

I  web  in  i t s   l i n e a r   wrap   f o r c e   r a n g e   b e t w e e n   t h e   d i s p e n s e r   and  t h e  

•  a p p l i c a t o r   m a n d r e l   is  to  e s t a b l i s h   t he   s t r e s s - s t r a i n   c u r v e   of  t h e  

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

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

;  e l o n g a t i o n   of  t h e   f i l m   web.  A f t e r   k n o w i n g   t h e   r a n g e   of  t h e   l i n -  

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

;  d i s p e n s i n g   m e c h a n i s m   can  be  s e t   to  p r o v i d e   t h e   s t r e s s   and  s t r a i n  

i  on  t h e   f i l m   web  n e c e s s a r y   to   p l a c e   i t   in  t h e   l i n e a r   w r a p   f o r c e  

•i  r e g i o n .  

'  In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h i s   s y s t e m   o f  

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

■j  ment   f o r c e   on  t h e   f i l m   web,  h i g h e r   t h r o u g h p u t ,   and  u s e   of  l e s s  

:  u n i f o r m   f i l m   w h i l e   p r e v e n t i n g   f i l m   web  b r e a k a g e   t h a n   w e r e  
I 
i 
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p r e v i o u s l y   t h r o u g h   p o s s i b l e .   Such  web  s t r e t c h   a t   t h e   w r a p p e d   o b -  

j e c t ,   as  o p p o s e d   to   web  r e c o v e r y   m i n i m i z e s   w r i n k l e s   in  a  w i d e  

web,  c o n s e r v e s   f i l m   by  e s t a b l i s h i n g   c o n t a i n m e n t   w i t h   f e w e r   w e b  

'  l a y e r s ,   and  p r o v i d e s   a  t i g h t   b u l l ' s - e y e   in  t h e   f i l m   web  a t   t h e  

ends   of  t h e   b u n d l e .  

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

p r e - s t r e t c h e d   in  t h e   f i l m   web  d i s p e n s e r   a t   a  s u f f i c i e n t   p r e -  

s t r e t c h   f o r c e   and  m e c h a n i c a l   a d v a n t a g e   so  t h a t   i t   is   b e y o n d   i t s  

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

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

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

p o s t - s t r e t c h   f o r c e   w h i c h   is  l e s s   t h a n   the   p r e - s t r e t c h   f o r c e   a n d  

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

a d v a n t a g e   of  t h e   p r e - s t r e t c h   s y s t e m .   I t   is  p r e f e r a b l e   to   m a i n -  

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

t he   r e v o l u t i o n   of  a  f i l m   d i s p e n s e r   w h i l e   t h e   f i l m   web  is   p o s i -  

t i o n e d   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .  

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

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

s y s t e m s   when  t h e   wrap   f o r c e   e x c e e d s   t he   p r e - s t r e t c h   f o r c e   r e d u c e d  

by  t h e   m e c h a n i c a l   a d v a n t a g e .  

As  shown  in  F i g .   26,  t h e   s u p p l y   s p e e d   c o n t r o l   m e c h a n i s m   o f  

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

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

ICCS 
1NDERSON  " 5 6 "  
>RR£TT 
vIER. 
XT.K.W. 
>.C.XOO0« 
eeso 



0 2 2 4 7 6 6  

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

•  ing  the   r o l l e r s   of  p r e - s t r e t c h   d e v i c e   w h i c h   is  c o n t r o l l e d   by  a  

•  s p e e d   c o n t r o l   d e v i c e   w i t h   r e g e n e r a t i v e   c a p a b i l i t i e s   w h i c h   c a n  
i! 
.;  p r e v e n t   t h e   s p e e d   of  t h e   m o t o r   f rom  i n c r e a s i n g   as  w e l l   a s  

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

;  b i l i t i e s   a r e   known  in  t h e   m o t o r   c o n t r o l   a r t ,   c o n v e n t i o n a l  

w r a p p i n g   d e v i c e s   d i d   no t   have   a  c o n t r o l   w h i c h   p r e v e n t e d   t h e   s u p -  

p l y   s p e e d   f rom  i n c r e a s i n g ,   bu t   r a t h e r   o n l y   had  a  c o n t r o l   t h a t  

;  p r e v e n t e d   t h e   s u p p l y   s p e e d   f rom  d e c r e a s i n g .   A  m o t o r   c o n t r o l   w i t h  

i  r e g e n e r a t i v e   c a p a b i l i t i e s   w o u l d   be  known  in  t he   m o t o r   c o n t r o l   a r t  

i  as  a  two  q u a d r a n t   c o n t r o l l e r   s i n c e   i t   c o u l d   d r i v e   or  r e t a r d   a  

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

■■[  ward   d i r e c t i o n .   M o t o r   c o n t r o l   u s e d   on  c o n v e n t i o n a l   w r a p p i n g   d e -  

v i c e s   w o u l d   be  known  in  t h e   m o t o r   c o n t r o l   a r t   as  a  s i n g l e   q u a d -  

;  r a n t   c o n t r o l l e r   s i n c e   i t   c o u l d   o n l y   d r i v e ,   and  no t   r e t a r d ,   a  

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

ward   d i r e c t i o n .  

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

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

.  j e c t s   of  t h e   p r e s e n t   i n v e n t i o n .   S i n c e   t h e   f i l m   is   w r a p p e d   a r o u n d  

I  t he   a p p l i c a t o r   m a n d r e l ,   h i g h e r   f i l m   f o r c e   may  be  u s e d   to   p r e v e n t  

,j  c r u s h i n g ,   t w i s t i n g ,   d i s l o d g i n g   or   s h i f t i n g   w h i c h   w o u l d   o c c u r   i n  

j;  c o n v e n t i o n a l   a r r a n g e m e n t s .   A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,  

when  the   f i l m   web  t u b e   f o r m e d   on  t h e   a p p l i c a t o r   m a n d r e l   i s  
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r e l e a s e d   to   s u r r o u n d   e a c h   b u n d l e   i t   is  d o n e   so  by  c o n t a c t i n g   t h e  

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

f o r c e   on  s i n g l e   b u n d l e   e d g e s   and  s i d e s   so  t h a t   wrap   f o r c e s   a r e  

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

by  s u s p e n d i n g   t h e   f i l m   web  on  an  a p p l i c a t o r   m a n d r e l ,   f o r c e s   a r e  

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

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

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

d i f f e r e n c e   b e t w e e n   t he   l o c k e d   in  f o r c e s   on  i t s   s i d e s ,   t h e r e f o r e  

r e t a i n i n g   more   even   l o c k e d   in  c o n t a i n m e n t   f o r c e s   on  t h e   v a r i o u s  

s i d e s   of  t h e   b u n d l e .   T h i s   is   e s p e c i a l l y   t r u e   when  e i t h e r   or  b o t h  

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

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

c h a r a c t e r i s t i c s   of  a  f i l m   web  a t   t h e   end  of  t he   wrap   b u n d l e ,   s u c h  

t h a t   a  t i g h t   b u l l ' s - e y e   is  p r o v i d e d ,   i t   is   e s p e c i a l l y   i m p o r t a n t  

when   w r a p p i n g   a  b u n d l e   h a v i n g   a  p l u r a l i t y   of  b u n d l e   u n i t s .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   i t   is  p r e f e r a b l e   in  s u c h   c i r c u m s t a n c -  

es  t o   p o s i t i o n   t h e   p l u r a l i t y   of  b u n d l e   u n i t s   to  fo rm  a  b u n d l e  

h a v i n g   as  s q u a r e   a  c r o s s - s e c t i o n   as  p o s s i b l e .  

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

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

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

'  t h r o u g h   t h e   u n i f o r m i t y   and  c o n t r o l l a b i l i t y   of  t h e   s h a p e   of  t h e  

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

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

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

web  o n t o   t h e   a p p l i c a t o r   m a n d r e l .   A l t h o u g h   t h e   a p p l i c a t o r   m a n d r e l  
;| 
;  may  c o n t a i n   l i n e a r   edge   l i n e s   in  some  e m b o d i m e n t s ,   t h e r e   a r e   n o  
'  

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

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

e s .  

In  a d d i t i o n ,   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

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

s u f f i c i e n t l y   s m a l l   s i z e   s u c h   as  t h o s e   t h a t   can   be  g r a s p e d   a n d  
'  c a r r i e d   by  a  p e r s o n   and  c o n s t i t u t e   a  u n i t   of  a  p a l l e t   l o a d ,   a n d  

'  s u c h   as  b u n d l e s   in  w h i c h   t h e   g r e a t e s t   c r o s s - s e c t i o n a l   m e a s u r e m e n t  

:  is  no t   s u b s t a n t i a l l y   g r e a t e r   t h a n   two  f e e t   s q u a r e .   A l s o   i n  

'  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   b u n d l e s   of  u n i f o r m   c r o s s -  

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

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

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   h i g h   t h r o u g h p u t   is  p o s -  

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

a p p l i c a t o r   m a n d r e l   and  t h e   b u n d l e   a b o v e   t he   25  r e v o l u t i o n s   p e r  

j  m i n u t e   p r e v i o u s l y   t h o u g h t   to  be  a  maximum  w h i l e   u s i n g   c o n v e n t i o n -  
i  j 
j  a l   s y s t e m s .   A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f i l m   w e b  

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

!j  at   a  r a t e   of  a t   l e a s t   a b o u t   30  r e v o l u t i o n s   p e r   m i n u t e   and  i s  

p r e f e r a b l y   o p e r a t e d   in  a  r a n g e   of  a b o u t   40  to   60  r e v o l u t i o n s   p e r  

■.  m i n u t e .  

erson  ■; 
RETT  ! 
••*»•  _CQ_ 
■ooo.  C  "  



0 2 2 4 7 6 6  

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

to  t h o s e   s k i l l e d   in  t h e   a r t .   The  i n v e n t i o n   in  i t s   b r o a d e r  

a s p e c t s   i s ,   t h e r e f o r e ,   no t   l i m i t e d   to  t h e   s p e c i f i c   d e t a i l s ,   r e p -  

r e s e n t a t i v e   a p p a r a t u s   and  i l l u s t r a t i v e   e x a m p l e s   shown   and   d e -  

s c r i b e d .   A c c o r d i n g l y ,   d e p a r t u r e s   may  be  made  f rom  s u c h   d e t a i l s  

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

i n v e n t i v e   c o n c e p t .  
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WHAT  IS  CLAIMED  I S :  

1.  A  p r o c e s s   f o r   w r a p p i n g   a  b u n d l e   w i t h   a  f i l m   web  d i s -  

p e n s e d   f rom  a  f i l m   web  d i s p e n s e r   c o m p r i s i n g :  

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

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

|  a p p l i c a t o r   m a n d r e l ;  

!  d i s p e n s i n g   t h e   f i l m   web  f r o m   t h e   f i l m   web  d i s p e n s e r  

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

s p e e d ;  

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

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

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

'  of  t he   a p p l i c a t o r   m a n d r e l ;   a n d  
i 

a p p l y i n g   t he   f i l m   web  f rom  t h e   a p p l i c a t o r   m a n d r e l   o n t o  

'  t h e   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   w e b  

a f t e r   i t   is  a p p l i e d   o n t o   t h e   b u n d l e .  

2.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   r e v o l v i n g   t h e  

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

3.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   r e v o l v i n g  

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

i  a p p l i c a t o r   m a n d r e l   and  t h e   b u n d l e   a t   a  r a t e   of  a t   l e a s t   a b o u t   30  

!  r e v o l u t i o n s   p e r   m i n u t e .  
!! 
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4.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   r e v o l v i n g  

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

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

'  
40  to   60  r e v o l u t i o n s   p e r   m i n u t e .  

:  5.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e v e n t i n g  

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

:  i n c r e a s i n g .  

!  6.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e v e n t i n g  

'  
t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  f rom  d e c r e a s i n g .  

7.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e v e n t i n g  

1  t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  f rom  i n c r e a s i n g   and  p r e v e n t i n g  

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

8.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   5,  i n c l u d i n g   c o n t r o l l i n g  

t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  w i t h   a  m o t o r   and  a  m o t o r   c o n -  

t r o l l e r   h a v i n g   r e g e n e r a t i v e   c a p a b i l i t i e s .  

9.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   7,  i n c l u d i n g   c o n t r o l l i n g  

:  t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  w i t h   a  m o t o r   and   a  m o t o r   c o n -  

t r o l l e r   h a v i n g   r e g e n e r a t i v e   c a p a b i l i t i e s .  

10.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   m o v i n g   a  

:  b u n d l e   h a v i n g   a  n o n - c i r c u l a r   c r o s s - s e c t i o n   i n t o   an  a p p l i c a t o r  

:  m a n d r e l .  

■  11.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   m o v i n g   a  

'■-.  b u n d l e   i n t o   an  a p p l i c a t o r   m a n d r e l   h a v i n g   a  n o n - c i r c u l a r   c r o s s -  

s e c t i o n .  
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12.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   10,  i n c l u d i n g   m o v i n g   a  

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

s e c t i o n .  

I  13.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e v e n t i n g  

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

t h e   f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r   o n t o   t h e   a p p l i c a t o r   m a n -  

d r e l .  

14.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p o s i t i o n i n g  

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

m a n d r e l   and  p r e v e n t i n g   t h e   f i l m   web  f rom  s u b s t a n t i a l   p r e -  

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

d i s p e n s e r   o n t o   t he   a p p l i c a t o r   m a n d r e l .  

15.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   s u b s t a n t i a l -  

ly   p r e - s t r e t c h i n g   t h e   f i l m   web  in  t h e   f i l m   web  d i s p e n s e r   p r i o r   t o  

d i s p e n s i n g   t h e   f i l m   w e b .  

16.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   15,  i n c l u d i n g   p r e -  

s t r e t c h i n g   t he   f i l m   web  a t   a  c o n s t a n t   p r e - s t r e t c h   r a t i o   in  a  

r a n g e   of  a b o u t   2:1  to  3 : 1 .  

17.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e -  

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

■:  d i s p e n s i n g   t h e   f i l m   web  when  w r a p p i n g   a  b u n d l e   h a v i n g   a  s u b s t a n -  

i  t i a l l y   s q u a r e   c r o s s - s e c t i o n .  
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18.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   r e s t r a i n i n g  

:  and   r e t a r d i n g   t h e   f i l m   web  b e i n g   d i s p e n s e d   by  t h e   f i l m   web  d i s -  

:.  p e n s e r .  
ij 

■?.!  19.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   d i s p e n s i n g  

t h e   f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r   a t   a  r a t e   i n d e p e n d e n t   o f  
i 
:  t h e   f o r c e   on  t h e   f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e  

•  a p p l i c a t o r   m a n d r e l .  

;  20.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   d i s p e n s i n g  

;  t h e   f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r   a t   a  d i s p e n s e r   s u p p l y  

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

d r e l .  

I  21.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   s t r e t c h i n g  

'  t h e   f i l m   web  b e t w e e n   t he   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r  

:  m a n d r e l .  

22.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   m a i n t a i n i n g  

t h e   f i l m   web  w i t h i n   a  s t r e s s - s t r a i n   v a r i a t i o n   r a n g e   w h e r e i n   f i l m  

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

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

of  t h e   f i l m   d i s p e n s e r   w h i l e   t h e   f i l m   web  is   p o s i t i o n e d   b e t w e e n  

!  t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .  
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23.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e -  

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

.  p r e - s t r e t c h   f o r c e   and  m e c h a n i c a l   a d v a n t a g e   so  t h a t   i t   is  b e y o n d  

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

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

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

,  p o i n t   a t   a  p o s t - s t r e t c h   f o r c e   w h i c h   is  l e s s   t h a n   t h e   p r e - s t r e t c h  

.  f o r c e   and  g r e a t e r   t h a n   t h e   p r e - s t r e t c h   f o r c e   r e d u c e d   by  t h e   m e -  

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

24.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   23,  i n c l u d i n g   m a i n t a i n i n g  

t he   f i l m   web  b e y o n d   i t s   p o s t - s t r e t c h   y i e l d   p o i n t   t h r o u g h o u t   t h e  

;  r e v o l u t i o n   of  t he   f i l m   d i s p e n s e r   w h i l e   t h e   f i l m   web  is  p o s i t i o n e d  

b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .  

25.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   s t r e t c h i n g  

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

f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n -  

d r e l .  

26.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p r e -  

s t r e t c h i n g   t he   f i l m   web  b e y o n d   i t s   p r e - s t r e t c h   y i e l d   p o i n t   t o  

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

I  s u b s e q u e n t l y   p o s t - s t r e t c h i n g   t h e   f i l m   web  b e y o n d   i t s   p o s t - s t r e t c h  

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

:'  t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .  
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27.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   25,  w h e r e i n   t h e  

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

1  t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   web  d i s p e n s e r .  

i  28.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26,  w h e r e i n   t h e   p o s t -  

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

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

•  t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   web  d i s p e n s e r .  

;  29.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26,  i n c l u d i n g   m a i n t a i n i n g  

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

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

s t r e t c h i n g   s t e p .  

!  30.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   25,  i n c l u d i n g   m a i n t a i n i n g  

:  t h e   f i l m   web  b e y o n d   i t s   y i e l d   p o i n t   t h r o u g h o u t   t h e   r e v o l u t i o n   o f  

t h e   f i l m   web  d i s p e n s e r   w h i l e   t h e   f i l m   web  is  b e t w e e n   t h e   f i l m   w e b  

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

31.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26,  i n c l u d i n g   m a i n t a i n i n g  

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

',  r e v o l u t i o n   of  t h e   f i l m   web  d i s p e n s e r   w h i l e   t he   f i l m   web  is   p o s i -  

t i o n e d   b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n d r e l .  

,j  32.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   25,  i n c l u d i n g   m a i n t a i n i n g  
i  i 
'I  t h e   f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r  

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

'■'■  t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   d i s p e n s e r .  
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33.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   26,  i n c l u d i n g   m a i n t a i n i n g  

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

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

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

34.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p o s i t i o n i n g  

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

m a n d r e l .  

35.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   34,  i n c l u d i n g   p o s i t i o n i n g  

:  t h e   p l u r a l i t y   of  b u n d l e   u n i t s   to  fo rm  a  b u n d l e   h a v i n g   as  s q u a r e   a  

c r o s s - s e c t i o n   as  p o s s i b l e .  

36.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   w r a p p i n g   a  

b u n d l e   of  a  s u f f i c i e n t l y   s m a l l   s i z e   t h a t   i t   can  be  g r a s p e d   a n d  

c a r r i e d   by  a  p e r s o n   and  can  c o n s t i t u t e   a  u n i t   of  a  p a l l e t   l o a d .  

37.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   w r a p p i n g   a  

b u n d l e   of  a  s u f f i c i e n t l y   s m a l l   s i z e   t h a t   i t s   g r e a t e s t   c r o s s -  

s e c t i o n a l   m e a s u r e m e n t   is  no t   s u b s t a n t i a l l y   g r e a t e r   t h a n   two  f e e t  

s q u a r e .  

38.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   p r e v e n t i n g  

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

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

■  web  o n t o   t h e   a p p l i c a t o r   m a n d r e l .  
:  i 
;  39.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   a p p l y i n g   a  

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

w h i l e   d i s p e n s i n g   t h e   f i l m   web  o n t o   t h e   a p p l i c a t o r   m a n d r e l .  
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40.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   p o s i t i o n i n g  

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

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

■  on  t h e   a p p l i c a t o r   m a n d r e l   so  t h a t   t h e   c r o s s - s e c t i o n   of  t h e   s u p -  

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

c r o s s - s e c t i o n .  

41.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   r e c o v e r i n g  

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

■  s i d e s   s i m u l t a n e o u s l y .  

42.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   w r a p p i n g   t h e  

f i l m   web  on  an  o b l o n g   c r o s s - s e c t i o n e d   a p p l i c a t o r   m a n d r e l   to   l o c k  

in  d i f f e r e n t   f o r c e s   on  t h e   f i l m   web  on  d i f f e r e n t   s i d e s   of  t h e  

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

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

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

43.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   a p p l y i n g   a t  

l e a s t   a  p o r t i o n   of  wrap   f o r c e   to  s a i d   a p p l i c a t o r   m a n d r e l .  

44.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   a p p l y i n g   a  

wrap   f o r c e   to   t h e   f i l m   web  b e t w e e n   t he   f i l m   web  d i s p e n s e r   and  t h e  

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

'  t h e   b u n d l e ,   and   a p p l y i n g   a  s u b s t a n t i a l   p o r t i o n   of  t h e   w r a p   f o r c e  

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

■  b e i n g   c r u s h e d   d u r i n g   t h e   d i s p e n s i n g   s t e p .  
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45.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   p r e v e n t i n g  

i  t h e   f i l m   web  f rom  b e i n g   w r a p p e d   on  t h e   e d g e s   of  t h e   b u n d l e   b y  

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

46.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   a p p l y i n g   a  

s u f f i c i e n t l y   h i g h   wrap   f o r c e   to   t h e   f i l m   web  b e t w e e n   t h e   f i l m   w e b  

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

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

f rom  i t s   p o s i t i o n ,   and  a p p l y i n g   a  s u b s t a n t i a l   p o r t i o n   of  t h e   w r a p  

f o r c e   to  t h e   a p p l i c a t o r   m a n d r e l   to  p r e v e n t   t h e   b u n d l e   f rom  o t h e r -  

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

s t e p .  

47.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  i n c l u d i n g   p o s i t i o n i n g   a  

b u n d l e   h a v i n g   a  p l u r a l i t y   of  s t a c k e d   u n i t s   in  t h e   a p p l i c a t o r   m a n -  

d r e l   a p p l y i n g   a  s u f f i c i e n t l y   h i g h   wrap   f o r c e   to   t h e   f i l m   web  b e -  

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

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

l o d g e   a t   l e a s t   one  of  t h e   s t a c k e d   u n i t s   f rom  i t s   p o s i t i o n ,   a n d  

a p p l y i n g   a  s u b s t a n t i a l   p o r t i o n   of  t he   wrap   f o r c e   to   t h e  

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

,  b e i n g   d i s l o d g e d   f rom  t h e i r   p o s i t i o n s   d u r i n g   t h e   d i s p e n s i n g   s t e p .  

i  48.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p o s i t i o n i n g  

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

\  a x i s   of  t h e   f i l m   web  d i s p e n s e r .  
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49.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p o s i t i o n i n g  

t h e   b u n d l e   b e t w e e n   a t   l e a s t   two  f i l m   web  t r a n s p o r t e r s   on  t h e  

,  a p p l i c a t o r   m a n d r e l .  
i 
1  50.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   49,  i n c l u d i n g   p o s i t i o n i n g  

t h e   w i d e s t   s u r f a c e s   of  s a i d   b u n d l e   a d j a c e n t   to   f i l m   web  t r a n s -  

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

51.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   50,  i n c l u d i n g   s u p p o r t i n g  

one   of  t h e   w i d e s t   s u r f a c e s   of  t h e   b u n d l e   on  a  h o r i z o n t a l   c o n v e y o r  

and   t r a n s p o r t i n g   t h e   f i l m   web  w i t h   t h e   f i l m   web  t r a n s p o r t e r s  

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

:  c o n v e y o r .  

1  52.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   51,  i n c l u d i n g   p o s i t i o n i n g  

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

so  t h a t   i t   e x t e n d s   a c r o s s   t he   e n t i r e   w i d t h   of  t h e   t op   s u r f a c e   o f  
i 
:  s a i d   b u n d l e .  

53.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   50,  i n c l u d i n g   p o s i t i o n i n g  

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

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

t r a n s p o r t e r   a d j a c e n t   t h e   t o p   s u r f a c e   of  t h e   b u n d l e   so  t h a t   i t   e x -  

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

|  a p p r o x i m a t e l y   one  h a l f   of  a  b u n d l e   u n i t   w i d t h   of  t h e   l e n g t h w i s e  

t o p m o s t   e d g e s   of  s a i d   b u n d l e .  
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;  54.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   50,  i n c l u d i n g   p o s i t i o n i n g  

1  t h e   f i l m   web  t r a n s p o r t e r   so  t h a t   i t   e x t e n d s   a c r o s s   t h e   t o p   s u r -  

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

e d g e s   of  s a i d   f i l m   t r a n s p o r t e r   is  no  g r e a t e r   t h a n   t h e   d i s t a n c e  

f rom  t h e   c e n t e r   of  r e v o l u t i o n   of  t h e   f i l m   web  d i s p e n s e r   and  t h e  

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

55.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   50,  i n c l u d i n g   p o s i t i o n i n g  

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

f i l m   web  t r a n s p o r t e r s   and  on  a  c o n v e y o r   b e n e a t h   t h e   b u n d l e   t r a n s -  

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

56.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   55,  i n c l u d i n g   p o s i t i o n i n g  

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

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

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

a d j a c e n t   a t   l e a s t   t h e   b o t t o m   h a l f   of  t h e   t o p   mos t   b u n d l e   u n i t s   o f  

t h e   v e r t i c a l   s i d e s   of  t h e   b u n d l e .  

57.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1,  i n c l u d i n g   p o s i t i o n i n g  

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

!  s i d e   in  t h e   a p p l i c a t o r   m a n d r e l   and  s u p p o r t i n g   t h e   f i l m   web  on  t h e  

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

of  t h e   b u n d l e   t h a n   t h e   n a r r o w e r   s i d e   of  t h e   b u n d l e .  
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58.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   57,  i n c l u d i n g   s u p p o r t i n g  

•  t h e   w i d e r   s i d e   of  t h e   b u n d l e   on  a  h o r i z o n t a l   c o n v e y o r .  

;;  59.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   57,  i n c l u d i n g   s u p p o r t i n g  
a  c e n t e r e d   w i d t h   of  f i l m   web  away  f rom  t h e   w i d e r   s i d e   of  t h e   b u n -  

,  d i e ,   t h e   w i d t h   of  f i l m   web  s u b s t a n t i a l l y   e q u a l   to   t h e   w i d t h   o f  
t h e   w i d e r   s i d e   of  t h e   b u n d l e .  

60.   A  p r o c e s s   as  c l a i m e d   in  c l a i m   57,  i n c l u d i n g   p o s i t i o n i n g  

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

w i d e r   s i d e   of  t h e   b u n d l e   in  t he   a p p l i c a t o r   m a n d r e l   and  s u p p o r t i n g  
a  c e n t e r e d   w i d t h   of  f i l m   web  away  f rom  t h e   w i d e r   s i d e   of  t h e   b u n -  

;  d i e ,   t h e   w i d t h   of  f i l m   web  a p p r o x i m a t e l y   one   b u n d l e   u n i t   w i d t h  

l e s s   t h a n   t h e   w i d t h   of  t h e   w i d e r   s i d e   of  t h e   b u n d l e .  

61.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   57,  i n c l u d i n g   s u p p o r t i n g  

a  c e n t e r e d   w i d t h   of  f i l m   web  away  f rom  t h e   w i d e r   s i d e   of  t h e   b u n -  
d l e   so  t h a t   t h e   d i s t a n c e   b e t w e e n   t h e   c e n t e r   of  r e v o l u t i o n   of  t h e  
f i l m   web  d i s p e n s e r   and  t h e   e d g e s   of  t he   w i d t h   of  f i l m   web  is  n o  

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

f i l m   web  d i s p e n s e r   and  t h e   e d g e s   of  t h e   w i d t h   of  t h e   b u n d l e .  

62.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   57,  i n c l u d i n g   s u p p o r t i n g  
t h e   n a r r o w e r   s i d e   of  t h e   b u n d l e   on  a  h o r i z o n t a l   c o n v e y o r   r u n n i n g  

t h r o u g h   t h e   a p p l i c a t o r   m a n d r e l .  
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63.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   62,  i n c l u d i n g   p o s i t i o n i n g  

•  a  b u n d l e   h a v i n g   a  p l u r a l i t y   of  u n i t s   s t a c k e d   to  t h e   h e i g h t   of  t h e  

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

web  away  f rom  t h e   w i d e r   s i d e   of  t h e   b u n d l e   so  t h a t   t h e   t o p   e d g e  

•  of  t h e   w i d t h   is   a p p r o x i m a t e l y   at   l e a s t   as  h i g h   as  t h e   b o t t o m   h a l f  

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

1  c r o s s - s e c t i o n   w i t h   f i l m   web  d i s p e n s e d   f rom  a  f i l m   web  d i s p e n s e r  

i  c o m p r i s i n g :  

}  m o v i n g   t he   b u n d l e s   i n t o   an  a p p l i c a t o r   m a n d r e l ;  

d i s p e n s i n g   a  f i r s t   f i l m   web  in  a  f i r s t   h e l i c a l   d i r e c -  

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

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

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

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

"\  s u p p l y   s p e e d   by  p r e v e n t i n g   t h e   s u p p l y   s p e e d   of  t h e   f i l m   web  a t  

.  t h e   f i l m   web  d i s p e n s e r   f rom  d e c r e a s i n g   and  p r e v e n t i n g   t h e   s u p p l y  

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

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

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

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

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

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

t h e   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   a f t e r  

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

.  i 
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65.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   64  i n c l u d i n g   a p p l y i n g   a  

:  s u f f i c i e n t l y   h i g h   wrap   f o r c e   to  e a c h   of  t h e   two  f i l m   webs   b e t w e e n  

,  t h e   f i l m   web  d i s p e n s e r   and  t he   a p p l i c a t o r   m a n d r e l ,   e a c h   of  w h i c h ,  
!  i f   a p p l i e d   to  t h e   b u n d l e ,   a b s e n t   t he   a p p l i c a t o r   m a n d r e l ,   w o u l d  

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

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

r a l   d e f o r m a t i o n   of  t h e   b u n d l e .  
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66.   A  p r o c e s s   f o r   w r a p p i n g   a  b u n d l e   w i t h   a  f i l m   web  d i s -  

i  p e n s e d   f rom  a  f i l m   web  d i s p e n s e r   c o m p r i s i n g :  

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

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

a p p l i c a t o r   m a n d r e l   a t   a  r a t e   of  a t   l e a s t   a b o u t   30  r e v o l u t i o n s   p e r  

:  m i n u t e ;  

d i s p e n s i n g   t h e   f i l m   web  f rom  t h e   f i l m   d i s p e n s e r   o n t o  

,:  t he   a p p l i c a t o r   m a n d r e l   a t   a  p r e d e t e r m i n e d   s u p p l y   s p e e d ,   r e s t r a i n -  

j  ing  and  r e t a r d i n g   t h e   f i l m   web  b e i n g   d i s p e n s e d   by  t h e   f i l m   w e b  

'  d i s p e n s e r ,   d i s p e n s i n g   t h e   f i l m   web  f rom  t h e   f i l m   d i s p e n s e r   a t   a  

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

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

1  p o i n t   to   p l a s t i c a l l y   d e f o r m   t h e   f i l m   web  b e t w e e n   t h e   f i l m   w e b  

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

■  t h e   f i l m   d i s p e n s e r ,   and  m a i n t a i n i n g   t he   f i l m   web  b e t w e e n   t h e   f i l m  

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

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

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

:  m a n d r e l   b e y o n d   t h e   d o w n s t r e a m   end  of  t h e   a p p l i c a t o r   m a n d r e l ;  

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

:  of  t h e   a p p l i c a t o r   m a n d r e l ;   a n d  

'•  a p p l y i n g   t h e   f i l m   web  f rom  t h e   a p p l i c a t o r   m a n d r e l   o n t o  

!i  t h e   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   w e b  

a f t e r   i t   has   b e e n   a p p l i e d   o n t o   t h e   b u n d l e .  
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67.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   66,   i n c l u d i n g   s u b s t a n -  

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

'  d i s p e n s i n g   t h e   f i l m   v e b .  
i  i i| 
1  68.  A  p r o c e s s   f o r   w r a p p i n g   a  b u n d l e   w i t h   a  f i l m   web  d i s -  

:  p e n s e d   f rom  a  f i l m   web  d i s p e n s e r   c o m p r i s i n g :  

'•  m o v i n g   t h e   b u n d l e   i n t o   an  a p p l i c a t o r   m a n d r e l ;  

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

a p p l i c a t o r   m a n d r e l ;  

j  s u b s t a n t i a l l y   p r e - s t r e t c h i n g   t h e   f i l m   web  in  t h e   f i l m  

web  d i s p e n s e r   p r i o r   to   d i s p e n s i n g   t he   f i l m   w e b ;  

j  d i s p e n s i n g   t h e   f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r  

'.  o n t o   t h e   a p p l i c a t o r   m a n d r e l   at   a  p r e d e t e r m i n e d   s u p p l y   s p e e d ;  

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

'  by  t h e   f i l m   web  d i s p e n s e r ;  

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

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

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

:  of  t h e   a p p l i c a t o r   m a n d r e l ;   a n d  

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

,'j  t h e   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   w e b  
!| 
I  a f t e r   i t   is   a p p l i e d   o n t o   t h e   b u n d l e .  
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;  69.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   68,  i n c l u d i n g   d i s p e n s i n g  

■I  t he   f i l m   web  f rom  t h e   f i l m   web  d i s p e n s e r   a t   a  s u p p l y   s p e e d   l e s s  

''\  t h a n   the   l o w e s t   demand   s p e e d   at   t h e   a p p l i c a t o r   m a n d r e l .  

i!  70.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   68,  i n c l u d i n g   s t r e t c h i n g  

'■'  t he   f i l m   web  b e y o n d   i t s   y i e l d   p o i n t   to   p l a s t i c a l l y   d e f o r m   t h e  

•i  f i l m   web  b e t w e e n   t h e   f i l m   web  d i s p e n s e r   and  t h e   a p p l i c a t o r   m a n -  

!  d r e l .  

=  71.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   68,  i n c l u d i n g   p r e -  

!  s t r e t c h i n g   t h e   f i l m   web  b e y o n d   i t s   p r e - s t r e t c h   y i e l d   p o i n t   t o  

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

\  s u b s e q u e n t l y   p o s t - s t r e t c h i n g   t h e   f i l m   web  b e y o n d   i t s   p o s t - s t r e t c h   , 

•i  y i e l d   p o i n t   to   f u r t h e r   p l a s t i c a l l y   d e f o r m   t h e   f i l m   web  b e t w e e n   • 

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

'  72.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   69,  w h e r e   t h e   p o s t -  

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

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

;  t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   web  d i s p e n s e r .  

73.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   70,   i n c l u d i n g   m a i n t a i n i n g  

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

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

!!  y i e l d   p o i n t   t h r o u g h o u t   t h e   r e v o l u t i o n   of  t h e   f i l m   d i s p e n s e r .  
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74.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   71,  i n c l u d i n g   m a i n t a i n i n g  

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

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

y i e l d   p o i n t   t h r o u g h o u t   t h e   r e v o l u t i o n   of  t he   f i l m   d i s p e n s e r .  

75.  A  p r o c e s s   f o r   w r a p p i n g   a  b u n d l e   w i t h   a  f i l m   web  d i s -  

p e n s e d   f rom  a  f i l m   web  d i s p e n s e r   c o m p r i s i n g :  

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

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

a p p l i c a t o r   m a n d r e l ;  

d i s p e n s i n g   t h e   f i l m   web  f rom  t he   f i l m   web  d i s p e n s e r  

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

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

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

veb   d i s p e n s e r ;  

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

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

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

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

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

t h e   b u n d l e   so  as  to   p r o v i d e   a  c o n t a i n m e n t   f o r c e   in  t h e   f i l m   w e b  

a f t e r   i t   is  a p p l i e d   o n t o   t h e   b u n d l e .  
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76.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   75,  i n c l u d i n g   m a i n t a i n i n g  

:  t h e   f i l m   web  b e t w e e n   the   f i l m   web  d i s p e n s o r   and  t h e   a p p l i c a t o r  

j  m a n d r e l   in  t h e   l i n e a r   s t r e s s - s t r a i n   r a n g e   t h r o u g h o u t   t h e   r e v o l u -  

t i o n   of  t h e   f i l m   web  d i s p e n s e r .  

:s 
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