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§4)  Method  and  apparatus  for  forming  and  tensioning  a  strap  loop  about  a  package. 

  A  method  and  apparatus  are  provided  for  forming 
a  strap  loop  and  securing  it  about  an  article  (P).  The 
strap  free  end  is  pressed  against  a  guide  surface  (224) 
and  moved  in  a  path  to  form  a  primary  strap  loop  (LP) 
while  permitting  the  primary  strap  loop  (Lp)  to  twist  off 
of  the  guide  surface  (224).  With  the  free  end  of  the  strap 
(S)  held  against  further  movement,  the  trailing  portion 
of  the  strap  (S)  is  fed  to  expand  the  loop  to  a  prede- 
termined  larger  size.  The  article  (P)  is  inserted  in  the 
loop  (LF)  and  the  trailing  portion  of  the  strap  (8)  is  with- 
drawn  to  tighten  the  loop  (LF)  about  the  package  (P). 
The  trailing  portion  of  the  strap  (S)  is  severed  from  the 
tightened  strap  loop  (LF)  and  the  overlapping  portions 
of  the  strap  (S)  are  then  sealed  by  a  friction-fusion  weld. 



T e c h n i c a l  F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   t o   t h e   f o r m a t i o n   o f  

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

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

p a c k a g e ,   a r t i c l e   or  o t h e r   o b j e c t .  

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

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

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

in  t h e   U . S .   P a t e n t   N o s .   1 , 3 5 7 , 8 8 3 :   3 , 1 4 6 , 6 9 4 ;  

3 , 2 1 5 , 0 6 4 ;   3 , 6 3 6 , 8 6 1 ;   3 , 6 9 1 , 9 3 9 ;   3 , 8 7 5 ; 8 5 5 ;  

3 , 9 1 6 , 7 7 9 ;   and  3 , 9 4 6 , 6 5 9 .   T h e s e   t y p e s   of  m a c h i n e s  

i n c o r p o r a t e   s t r a p   g u i d e  s t r u c t u r e s   of  v a r i o u s   k i n d s  

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

b o u n d .  

D i s c l o s u r e s   h a v e   b e e n   made  of  m a c h i n e s  

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

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

to   be  b o u n d .   In  t h e   p a s t ,   S i g n o d e   C o r p o r a t i o n ,   t h e  

a s s i g n e e   of   t h e   e n t i r e   i n t e r e s t   of  t h e   p r e s e n t  

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

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

t e n s i o n i n g   t h e   l o o p ,   and  f i n a l l y   j o i n i n g   t h e  o v e r -  

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

Some  of  t h e s e   p r o c e s s e e s   a n d  m a c h i n e s ,   s u c h  

as  t h o s e   d i s c l o s e d   in   t h e   U . S .  P a t e n t   N o s .  4 , 0 6 2 , 2 7 8 ,  

4 , 0 7 7 , 3 1 3 ,   a n d   4 , 0 7 9 , 6 6 7 ,  i n v o l v e   t h e   i n i t i a l   f o r m a -  

t i o n   of   a  s m a l l ,   p r i m a r y  s t r a p   l o o p   i n  o r   a r o u n d   a  

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

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

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

by  t e n s i o n i n g  t h e   l o o p   a b o u t   t h e   p a c k a g e ,   j o i n i n g  
t h e   o v e r l a p p i n g   s t r a p   p o r t i o n s ,   and  s e v e r i n g  



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

s t r a p .  

S u m m a r y  o f   t h e   I n v e n t i o n  

D e s c r i b e d   h e r e i n   a r e   a  m e t h o d   and  a p p a r a t u s  

f o r   f i r s t   f o r m i n g   and  e x p a n d i n g   a  s t r a p   l o o p   in  a  

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

t i g h t l y   a r o u n d   an  a r t i c l e .  

.One  e m b o d i m e n t  o f   an  a p p a r a t u s   f o r   b i n d i n g  

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

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

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

p r e s s e d   and  moved  a l o n g   to   f o r m   a  s m a l l ,   p r i m a r y  

s t r a p   l o o p .  

A  r o t a t a b l e ,   c a n t i l e v e r e d   a n v i l   i s   p r o v i d e d  

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

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

a n v i l   r o t a t i o n .   The  a n v i l   i s   l o w e r e d   to   e n g a g e   t h e  

s t r a p   and  i s   t h e n   r o t a t e d   to   move  t h e   s t r a p   f r e e   e n d  

in   a  c i r c l e   on  t h e   g u i d e   s u r f a c e   to   f o rm  a  s m a l l ,  

p r i m a r y   s t r a p   l o o p .  

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

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

. t h e   s t r a p   n e c e s s a r i l y   t w i s t s   w i t h i n   t h e   p r i m a r y   s t r a p  

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

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

A f t e r   t h e   p r i m a r y   s t r a p   l o o p   has   b e e n  

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

s e g m e n t   of   t h e   s t r a p   f r e e   end  r e s t r a i n e d   f rom  f u r t h e r  

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

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

a b o v e ,   and  in  a l i g n m e n t   w i t h ,   t h e   t r a i l i n g   p o r t i o n   o f  

t h e   s t r a p   l o c a t e d   b e l o w   t h e   edge   of  t h e   g u i d e   s u r f a c e .  

The  s t r a p   is   t h e n   f ed   to   e x p a n d   t h e   p r i m a r y  

l o o p   to   a  l a r g e r ,  p r e d e t e r m i n e d   d i a m e t e r   and  a  



p a c k a g e   i s   i n s e r t e d   i n t o   t he   e x p a n d e d   l o o p .   T h e  

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

t i g h t e n   t h e   l o o p   a b o u t   t h e   p a c k a g e .  

The  l e a d i n g   s e g m e n t   of  t he   s t r a p   is   s e c u r e d  

to   an  a d j a c e n t ,   u n d e r l y i n g   p o r t i o n   of  t h e   s t r a p   l o o p ,  

as  by  f o r c i n g   t h e   a d j a c e n t   p o r t i o n   of  t h e   s t r a p   l o o p  

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

v e r t i c a l l y   r e c i p r o c a b l e ,   v i b r a t i n g   w e l d i n g   member  a n d  

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

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

The  s t r a p   i s   s e v e r e d   w i t h   a  c u t t e r   on  t h e  

w e l d i n g   member   a t   t h e   b e g i n n i n g   of  t h e   w e l d i n g  

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

t o g e t h e r   b e t w e e n   t h e   a n v i l   and  w e l d i n g   m e m b e r .   A f t e r  

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

i t   has   c o o l e d ,   l o w e r i n g   of   t h e   w e l d i n g   member  p e r m i t s  

t h e   s t r a p p e d   p a c k a g e   to   be  r e m o v e d   f rom  t h e  

a p p a r a t u s .  

N u m e r o u s   o t h e r   a d v a n t a g e s   in  f e a t u r e s   o f  

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

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

i n v e n t i o n   and  an  e m b o d i m e n t   t h e r e o f ,   f rom  t he   c l a i m s ,  

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

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

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

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

e m p l o y e d   to   d e s i g n a t e   l i k e   p a r t s   t h r o u g h o u t   t he   s a m e ,  

F i g u r e s   1 - 6 ,   t a k e n   in  a s c e n d i n g   n u m e r i c a l  

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

m e t h o d   f o r   b i n d i n g   an  a r t i c l e   in  a c c o r d a n c e   w i t h   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 ;  

F i g u r e   7A  i s   a  p e r s p e c t i v e   v i ew  of  a  

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

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



f o r m e d   and  r e a d y   to   r e c e i v e   an  a r t i c l e   to   be  b o u n d  

w i t h   t h e   s t r a p ;  

F i g u r e   7B  i s   an  e n l a r g e d ,  f r a g m e n t a r y ,  

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

F i g u r e   7 A  i l l u s t r a t i n g   t h e   a n v i l   a s s e m b l y ;  

F i g u r e s   8 - 1 9   a r e   e n l a r g e d ,   f r a g m e n t a r y ,  

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

F i g u r e   7A  w i t h   p o r t i o n s   o f  t h e   a p p a r a t u s   r e m o v e d   t o  

b e t t e r   i l l u s t r a t e   i n t e r i o r   d e t a i l   and  t h e   v i e w s ,   w h e n  

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

t h e  s t r a p  l o o p ;  

F i g u r e   20  i s   a  g r e a t l y  e n l a r g e d ,   p e r s p e c -  
t i v e   v i e w   of  t h e   a p p a r a t u s   o f  F i g u r e   7 A  w i t h   t h e  

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

i n t e r i o r   m e c h a n i s m s ;  

.  F i g u r e   2 1  i s   an  e v e n   f u r t h e r   e n l a r g e d ,  

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

i l l u s t r a t e d   in   F i g u r e   20  w i t h   s o m e  o f   t h e  m e c h a n i s m  

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

F i g u r e   22  i s   a  r e d u c e d ,   f r a g m e n t a r y ,   p l a n  .  

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

in  F i g u r e  2 0 ;  

F i g u r e   23  i s   a  g r e a t l y   e n l a r g e d ,  

f r a g m e n t a r y ,   c r o s s - s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   t h e   p l a n e   2 3 - 2 3   in  F i g u r e   2 2 ;  

F i g u r e   24  i s   a  g r e a t l y   e n l a r g e d ,  

f r a g m e n t a r y ,   c r o s s - s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y  

a l o n g   t h e   p l a n e   2 4 - 2 4   in  F i g u r e   2 1 ;  

F i g u r e   25  i s   an  e n l a r g e d ,   f r a g m e n t a r y   v i e w  

of  t h e   t o p   r o c k e r   g u i d e   and  c o n t r o l   cam  of  F i g u r e   2 4 ;  

F i g u r e   26  i s   an  e n l a r g e d ,   c r o s s - s e c t i o n a l  

v i e w   of   t h e  a n v i l   s h a f t   and  r o c k e r   member   of  F i g u r e  

2 4 ;  

F i g u r e   27  i s   an  e n l a r g e d ,   f r a g m e n t a r y ,  



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

p a w l ,   and  c o n t r o l   cam  t a k e n   a l o n g   t he   p l a n e   2 7 - 2 7   o f  

F i g u r e   2 1 ;  

F i g u r e   2 8  i s  a   g r e a t l y   e n l a r g e d ,  

f r a g m e n t a r y ,   c r o s s - s e c t i o n a l   v i ew   t a k e n   g e n e r a l l y  

a l o n g   t h e   p l a n e   2 8 - 2 8   in  F i g u r e   22;  a n d  

F i g u r e   29  i s   a  f r a g m e n t a r y ,   c r o s s - s e c t i o n a l  

v i e w   t a k e n   g e n e r a l l y   a l o n g   t h e   p l a n e s   2 9 - 2 9   in  F i g u r e  

2 8 .  

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

W h i l e   t h i s   i n v e n t i o n   i s  s u s c e p t i b l e   o f  

e m b o d i m e n t   in  many  d i f f e r e n t   f o r m s ,   t h e r e   i s   shown  i n .  

t h e   d r a w i n g s   and  w i l l   h e r e i n   be  d e s c r i b e d   in  d e t a i l  

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

e f f e c t i n g   t h e   t e a c h i n g s  o f   t h e   i n v e n t i o n ,   w i t h   t h e  

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

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

t h e   i n v e n t i o n   and  i s   n o t   i n t e n d e d   to   l i m i t   t h e  

i n v e n t i o n   to   t h e   e m b o d i m e n t s   i l l u s t r a t e d .  

The  p r e c i s e   s h a p e s   and  s i z e s   of  t h e  

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

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

i n v e n t i o n   i s   d e s c r i b e d   w i t h   r e f e r e n c e   to   e m b o d i m e n t s  

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

For   e a s e   of   d e s c r i p t i o n ,   t h e   a p p a r a t u s  

d i s c u s s e d   h e r e i n   w i l l   be  d e s c r i b e d   in   a  n o r m a l  

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

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

n o r m a l   o p e r a t i n g   p o s i t i o n .   I t   w i l l   be  u n d e r s t o o d ,  

h o w e v e r ,   t h a t   t h e   a p p a r a t u s   may  be  m a n u f a c t u r e d ,  

s t o r e d ,   t r a n s p o r t e d   and  s o l d   in  an  o r i e n t a t i o n   o t h e r  

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

The  a p p a r a t u s   i l l u s t r a t e d   h e r e i n   h a s  

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

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



i l l u s t r a t e d   or  d e s c r i b e d ,   w i l l   be  a p p a r e n t   to   t h o s e  

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

n e c e s s a r y   f u n c t i o n s   of  s u c h   m e c h a n i s m s .  

PACKAGE  BINDING  METHOD 

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

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

i l l u s t r a t e d   in  F i g u r e s   1 - 6 .   F i g u r e   1  shows   a  g u i d e  

s u r f a c e   100  d e f i n i n g   a  s l o t   102  t h r o u g h   w h i c h   a  s t r a p  

S  p a s s e s   f rom  b e n e a t h   t he   g u i d e   s u r f a c e   100 .   T h e  

s t r a p   may  be  p u l l e d   f rom  a  s u i t a b l e   s o u r c e ,   s u c h   as  a  

r e e l   of   s t r a p ,   a n d / o r   may  be  f e d   by  s u i t a b l e   s t r a p  

f e e d i n g   m e a n s .  

An  a n v i l   104  i s   p r o v i d e d   a b o v e   t h e   g u i d e  

s u r f a c e   100  and  i s   a d a p t e d   to   p r e s s   a  l e a d i n g   p o r t i o n  

of   t h e   s t r a p   S  f l a t   a g a i n s t   t he   g u i d e   s u r f a c e   1 0 0 .  

The  a n v i l   104  is   p r e f e r a b l y   m o u n t e d   f o r   360  d e g r e e  

r o t a t i o n   a b o u t   a  s h a f t   1 0 6 .   The  a n v i l   104  i s   r o t a t e d  

in   t h e   d i r e c t i o n   of  a r r o w   108  on  t o p   of   t h e   g u i d e  

s u r f a c e   100  t h e r e b y   m o v i n g   t h e   l e a d i n g   p o r t i o n   o f  

s t r a p   S  in   a  p a t h   w h i l e   t h e   s t r a p   i s   c o n t i n u o u s l y  

p r e s s e d   a g a i n s t   t h e   g u i d e   s u r f a c e   100  to   f o rm  a  

p r i m a r y   s t r a p   l o o p   Lp  as  b e s t   i l l u s t r a t e d   in  F i g u r e  

2 .  

I t   i s   to   be  n o t e d   f rom  F i g u r e   2  t h a t   t h e  

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

f i r s t   or  t o p   s u r f a c e   110  and  a  s e c o n d   or  b o t t o m  

s u r f a c e   112 .   As  t h e   p r i m a r y   s t r a p   l o o p   Lp  i s  

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

and  t h e   p r i m a r y   l o o p   Lp  t e n d s   to   l i f t   o f f   of  t h e  

g u i d e   s u r f a c e   100  and  become   o r i e n t e d   in  a  

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

t h e   g u i d e   s u r f a c e   100 .   T h i s   p h e n o m e n o n   r e s u l t s   f r o m ,  

among  o t h e r   t h i n g s ,   t h e   s t i f f n e s s   of  t h e   s t r a p   S  a n d  

t h e   r e l a t i v e l y   s m a l l   d i a m e t e r   of   t h e   p r i m a r y   s t r a p  

l o o p   L p .  



P r e f e r a b l y ,   as  t h e   s t r a p   S  is   moved  b y  

a n v i l   104  to   fo rm  t he   p r i m a r y   s t r a p   l o o p   Lp,  t h e  

t r a i l i n g   p o r t i o n   of  t h e   s t r a p   S  b e l o w   t he   g u i d e  

s u r f a c e   100  i s   r e s t r a i n e d   f rom  t w i s t i n g ,   r e l a t i v e   t o  

t h e   l e a d i n g   s t r a p   p o r t i o n   a b o v e   t h e   g u i d e   s u r f a c e   1 0 0  

so  t h a t   t h e   t w i s t   T  in  t h e   s t r a p   S  o c c u r s   b e t w e e n   t h e  

l e a d i n g   s t r a p   p o r t i o n   p r e s s e d   by  t he   a n v i l   104  and  a  

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

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

P r e f e r a b l y ,   r o t a t i o n   of  t he   a n v i l   104  i s  

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

t h e   s l o t   102  as  i l l u s t r a t e d   in  F i g u r e   3.  T h e n ,   w h i l e  

t h e   s t r a p   S  i s   p r e s s e d   a g a i n s t   t h e   g u i d e   s u r f a c e   1 0 0  

by  t h e   a n v i l   1 0 4 ,   t h e   t r a i l i n g   p o r t i o n   of  t h e   s t r a p   S 

is   f e d   to   e x p a n d   t h e   p r i m a r y   l o o p   Lp  to   a n  

e x p a n d e d ,   f i n a l   l o o p   LF  t h a t   has   a  p r e d e t e r m i n e d  

l a r g e r   s i z e .   T h e n ,   as  b e s t   i l l u s t r a t e d   in  F i g u r e   4 ,  

an  a r t i c l e ,   s u c h   as  p a c k a g e   P,  i s   moved  i n t o   t h e  

e x p a n d e d   l o o p   L F .  
I f   t h e   e x p a n d e d   l o o p   LF  i s   r e l a t i v e l y  

l a r g e ,   t h e   l o o p   Lp  may  s a g ,   c o l l a p s e ,   or  f a l l   t o  

one  s i d e   or  t h e   o t h e r   on  t o p   of  t h e   g u i d e   s u r f a c e  

1 0 0 .   In  t h i s   c a s e ,   t h e   s t r a p   S  c o u l d   be  g u i d e d   o r  

l i f t e d   as  d e s i r e d ,   by  hand   or  o t h e r w i s e ,   to   p r o v i d e  

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

f o r   r e c e i v i n g   t h e   p a c k a g e   P .  

Of  c o u r s e ,   t h e   p a c k a g e   P  n e e d   n o t  

n e c e s s a r i l y  b e   moved  i n t o   t h e   e x p a n d e d   l o o p   L F .  
I n s t e a d ,   t h e   g u i d e   s u r f a c e   1 0 0 ,   and  any  a s s o c i a t e d  

m e c h a n i s m s   c a r r y i n g   t h e   g u i d e   s u r f a c e   100  and  l o o p  

LFl  may  be  moved  to   p o s i t i o n   t h e   l o o p   LF  a r o u n d   a  

s t a t i o n a r y   p a c k a g e   P .  

In  any  c a s e ,   a f t e r   r e l a t i v e   m o v e m e n t   h a s  

b e e n   e f f e c t e d   b e t w e e n   t he   p a c k a g e   P  and  t he   e x p a n d e d  

l o o p   L.   so  as  to  l o c a t e   t h e   e x p a n d e d   l o o p   LF 



a b o u t   t h e   p a c k a g e   P,  t h e   l o o p   LF  i s   t h e n   t e n s i o n e d  

a b o u t   t h e   p a c k a g e   P a n d   t h e n   s e a l e d   i n  t h e   t e n s i o n e d  

s t a t e .   S p e c i f i c a l l y , - w i t h   r e f e r e n c e   to   F i g u r e   5,  t h e  

s t r a p   S  i s   w i t h d r a w n ,   in   t h e   d i r e c t i o n   of  d a s h e d  

a r r o w   1 1 4 ,   to   t i g h t e n   t h e   l o o p   a b o u t   t h e   p a c k a g e   P .  

I t   i s   to   be  n o t e d   t h a t   a n v i l   104  o n l y   p a r t i a l l y  

o v e r l i e s   t h e   s l o t   102  and  t h u s   d o e s   n o t   f o r c e   t h e  

l e a d i n g   e n d  s e g m e n t   of  t h e   s t r a p   S  a g a i n s t   t h e  

t r a i l i n g   p o r t i o n  o f   t h e   s t r a p   S  so  as  to   p r e v e n t  

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

a b o u t   t h e   p a c k a g e   P .  

In  some  s i t u a t i o n s ,   as  when  b i n d i n g  

c o m p r e s s e d ,   r e s i l i e n t   m a t e r i a l s ,  t h e   s t r a p   S  need   n o t  

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

t h e   m a t e r i a l .   For   e x a m p l e ,   a  b a l e   of  c o t t o n   may  b e  

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

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

t h e   s t r a p   l o o p   LF.  N e x t ,   t h e   c o m p r e s s i o n   on  t h e  

b a l e   of   c o t t o n   c a n  b e   r e l e a s e d   so  t h a t   t h e   b a l e   o f  

c o t t o n   e x p a n d s   a g a i n s t   t h e   l o o p   LF.  Of  c o u r s e ,   t h e  

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

by  s u i t a b l e   m e a n s   to   p r e v e n t   m o v e m e n t   of  t he   s t r a p   S 

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

c o t t o n .  

In  any  c a s e ,   a f t e r   t h e   s t r a p   S  i s   in  t i g h t  

e n g a g e m e n t   w i t h   t h e   a r t i c l e   or  p a c k a g e   t h a t   i s   b e i n g  

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

o v e r l a p p e d   p o r t i o n   of  t h e   s t r a p   l o o p   a r e   j o i n e d   t o  

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

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

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

u s e d .   A l s o ,   s l e e v e - t y p e   s e a l s   may  be  c r i m p e d   a b o u t  

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

I f   t h e r m o p l a s t i c   s t r a p   i s   u s e d ,   a  " w e l d e d "  



j o i n t   may  be  e f f e c t e d   by  h e a t i n g   t he   o v e r l a p p i n g  

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

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

f r i c t i o n - f u s e d   we ld   j o i n t ,   i s   i l l u s t r a t e d   in  F i g u r e  

6.  A  w e l d   pad   118  is   moved  u p w a r d l y   by  a  s u i t a b l e  

m e c h a n i s m   1 2 0 .  i n   t h e   d i r e c t i o n   of  a r r o w   122  so  as  t o  

f o r c e   t h e   w e l d   pad  118  a g a i n s t   t h e   t r a i l i n g   p o r t i o n  

of   t h e   s t r a p   S.  The  t r a i l i n g   p o r t i o n   of  t h e   s t r a p   S 

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

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

t h e   p o r t i o n   of   a n v i l   104  t h a t   o v e r h a n g s   t h e   s l o t  

1 0 2 .  

A  c u t t i n g   b l a d e   124  may  a l s o   be  c a r r i e d  

u p w a r d l y   by  m e c h a n i s m   120  to   s e v e r   t h e   t r a i l i n g  

p o r t i o n   of   t h e   s t r a p   S  f r o m   t h e   l o o p .   Of  c o u r s e ,   t h e  

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

by  b l a d e   124  u n t i l   t h e   o v e r l a p p i n g   s t r a p   s e g m e n t s   a r e  

s e c u r e l y   p r e s s e d   b e t w e e n   t h e   a n v i l   104  and  t h e   w e l d  

pad   118 .   To  t h i s   e n d ,   a n v i l   104  may  be  n o r m a l l y  

b i a s e d   d o w n w a r d l y   (by  s u i t a b l e   m e a n s   n o t   i l l u s t r a t e d )  

t o w a r d   g u i d e   s u r f a c e   100  and   a l s o   h a v e   t h e   c a p a b i l i t y  

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

d o w n w a r d   b i a s .   T h u s ,   u p w a r d   m o v e m e n t   of   t h e   we ld   p a d  

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

s e g m e n t s   t i g h t l y   t o g e t h e r   a g a i n s t   t h e   a n v i l   1 0 4 .  

F u r t h e r   m o v e m e n t   of  w e l d   pad  118  and  c u t t e r   1 2 4  

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

a n v i l   104  and  f o r c e   t h e   a n v i l   104  u p w a r d l y   ( in   t h e  

d i r e c t i o n   of   a r r o w   126  in  F i g u r e   6 ) .   D u r i n g   t h i s  

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

s t r a p   S  w o u l d   be  s e v e r e d   by  t h e   c u t t e r   1 2 4 .  

In  t h e   s l i g h t l y   e l e v a t e d   p o s i t i o n ,   t h e   p a r t  

of   t h e   s t r a p   l o o p   a r o u n d   t h e   b o t t o m   of  t h e   p a c k a g e   P 

w o u l d   no  l o n g e r   be  in  c o n t a c t   w i t h   t h e   g u i d e  s u r f a c e  

1 0 0 .   T h e n ,   r a p i d   o s c i l l a t o r y   m o v e m e n t   of   t he   a n v i l  

104  ( i n   t h e   d i r e c t i o n s   of   d o u b l e   h e a d e d   a r r o w   128  i n  



F i g u r e   6)  w o u l d   c a u s e   t h e   s t r a p   f r e e   end  to   be  m o v e d  

b a c k   and  f o r t h   w i t h   r e s p e c t  t o   t h e   s t a t i o n a r y   u n d e r -  

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

i n t e r f a c e   m e l t i n g   t h e r e b e t w e e n .   A f t e r   h o l d i n g   t h e  

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

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

m e c h a n i s m   120  l o w e r s   t h e   we ld   pad  118  and  c u t t e r   1 2 4  

to   p e r m i t   t h e   s t r a p p e d   p a c k a g e   P  to   be  r e m o v e d .  

PACKAGE  BINDING  APPARATUS 

A  p r e f e r r e d   e m b o d i m e n t   of  an  a p p a r a t u s   f o r  

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

7 A - 2 9 .   F i g u r e   7A  s h o w s   t h e   a p p a r a t u s   150  in  t h e   f o r m  

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

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

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

A s   b e s t   i l l u s t r a t e d   in  F i g u r e   7A,  t h e  

a p p a r a t u s   150  i n c l u d e s   a  b a s e   1 5 2 ,   a  p a c k a g e   s u p p o r t  

t a b l e   1 5 4 ,   a  s t r a p   r e e l   h o u s i n g   1 5 6 ,   and  a  p a c k a g e -  

a c t u a t e d   c y c l e   s w i t c h   c o v e r   1 5 8 .   The  t a b l e   1 5 4  

d e f i n e s   a  s l o t   160  t h r o u g h   w h i c h   t h e   s t r a p   S  p a s s e s  

f rom  t h e   i n t e r i o r   of   t h e   a p p a r a t u s   to   f o r m   t h e   s t r a p  

l o o p .   The  s t r a p   S  i s   f ed   f rom  a  s u p p l y   or  s o u r c e   o f  

s t r a p ,   s u c h  a s   r e e l   162  in  t h e   h o u s i n g   1 5 6 ,   b y  

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

W i t h i n   t h e   t a b l e   1 5 4 ,   a d j a c e n t   t h e   c y c l e  

s w i t c h   c o v e r   1 5 8 ,   i s   an  a n v i l   a s s e m b l y   164  ( F i g u r e  

7A) .   As  b e s t   i l l u s t r a t e d   in  F i g u r e s   7B  and  8,  t h e  

a n v i l   a s s e m b l y   l64   i n c l u d e s   a  r o t a t a b l e   a n v i l   204 ,   a  

v e r t i c a l l y   r e c i p r o c a b l e   l i f t   member  or  f e e d   p a d  2 0 5 ,  

and  a  v e r t i c a l l y   r e c i p r o c a b l e   w e l d   pad  2 1 8 .  

As  b e s t   i l l u s t r a t e d   in  F i g u r e   8,  t h e   a n v i l  

204  has   a  d i s c - l i k e   c o n f i g u r a t i o n   w i t h   an  o u t w a r d l y  

e x t e n d i n g   l u g   222 ,   t h e   b o t t o m   o f   w h i c h   l u g  2 2 2   i s  

s e r r a t e d   t o  e n h a n c e  t h e   g r i p p i n g   a c t i o n   on  t he   t o p  



s u r f a c e   of   t h e   s t r a p   S.  M o u n t e d   to  t h e   t o p   of  t h e  

a n v i l   204  i s   a  c o v e r   p l a t e   2 2 0 - w h i c h   has   a  g e n e r a l l y  

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

t h e   d i s c - l i k e   a n v i l   204 .   The  c o v e r   p l a t e   220  i s  

s u i t a b l y   s e c u r e d ,   as  by  w e l d i n g   or  g l u i n g ,   to   t h e  

a n v i l   204 .   The  c o n n e c t e d   a s s e m b l y   of   t h e   c o v e r   p l a t e  

220  and  a n v i l   204  a r e   s e c u r e d   by  means   of  an  a l l e n  

head   s c r e w   221  to   a  s h a f t   400  ( F i g u r e   2 1 ) .  

As  b e s t   i l l u s t r a t e d   in  F i g u r e s   7B  and  9 ,  

t h e   a n v i l   204  and  c o v e r   p l a t e   220  a r e   r e c e i v e d   on  a  

g u i d e   s u r f a c e   224  in  a  c a v i t y   d e f i n e d   by  a  s l o p i n g  

s i d e w a l l   226  in  t h e   t a b l e   154 .   When  t he   a n v i l   2 0 4  

a n d  c o v e r   p l a t e  2 2 0   a r e   m o u n t e d   w i t h i n   t h e   r e c e i v i n g  

c a v i t y   a b o v e   g u i d e   s u r f a c e   224 ,   t h e   t o p  s u r f a c e   o f  

t h e   c o v e r   p l a t e   220  i s   f l u s h   w i t h   t h e   s u r f a c e   of  t h e  

t a b l e   154  and  s e r v e s   to  s u p p o r t   a  p a c k a g e   p l a c e d  

t h e r e o n .   As  can   be  s e e n   w i t h   r e f e r e n c e   to  F i g u r e   7 B ,  

t h e r e   i s   a  s p a c e   b e t w e e n   t h e   c i r c u m f e r e n c e   of  t h e  

c o v e r   p l a t e   220  and  t h e   s l o p i n g   s i d e w a l l   226  of  t h e  

t a b l e   154  to   a c c o m m o d a t e   t h e   s t r a p   S .  

As  b e s t   i l l u s t r a t e d   in  F i g u r e s   7A,  8  and  9 ,  

t h e   s t r a p   S  i s   c a r r i e d   f rom  t h e   s t r a p   r e e l   162  by  t h e  

t a b l e   154  in  a  s u i t a b l e   r e s t r a i n i n g   g u i d e   or  c h a n n e l  

228 .   The  c h a n n e l   228  o p e n s ,   as  b e s t   i l l u s t r a t e d   i n  

F i g u r e   7B,  in   a  v e r t i c a l   f a c e   230  a d j a c e n t   t h e   w e l d  

pad  2 1 8 .  

The  w e l d   pad  218  and  f e e d   pad  205  a r e  

d i s p o s e d   b e t w e e n   t h e   v e r t i c a l   f a c e   230  and  an  o p p o s e d  

v e r t i c a l   f a c e   232 .   Bo th   t h e   f e e d   pad  218  and  w e l d  

pad  205  a r e   v e r t i c a l l y   r e c i p r o c a b l e   by  m e c h a n i s m s   n o t  

v i s i b l e   in  F i g u r e s   7 A - 1 9 .  

F i g u r e s   8 - 1 9 ,   t a k e n   s e q u e n t i a l l y   in  a s c e n d -  

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

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

we ld   pad  in  b i n d i n g   a  p a c k a g e   P  w i t h   a  l o o p   of  s t r a p  

S.  A f t e r   d i s c u s s i n g   t h e   o p e r a t i o n   s e q u e n c e ,   t h e  



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

f e e d   p a d ,   and  w e l d   pad  w i l l   be  e x p l a i n e d   in  d e t a i l  

w i t h   r e f e r e n c e   to  F i g u r e s   2 0 - 2 9 .  

SEQUENCE  OF  OPERATION 

B e f o r e   a  p a c k a g e   i s   p l a c e d   on  t he   a p p a r a t u s  

1 5 0 ,   t h e   s t r a p   S  i s   f o r m e d   i n t o   a  r e l a t i v e l y   s m a l l ,  

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

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

f o r   r e c e i v i n g   t h e   p a c k a g e   to   be  b o u n d .   To  fo rm  t h e  

s m a l l ,   p r i m a r y   s t r a p   l o o p ,   t he   s t r a p   S  i s   f i r s t   f e d  

t h r o u g h  t h e   c h a n n e l   228  o v e r   t h e   we ld   pad  218  and  f e e d  

pad  205  as  i l l u s t r a t e d   in  F i g u r e s   8  and  9.  D u r i n g  

t h i s   s t e p   in  t h e   s e q u e n c e ,   t h e   we ld   pad  218  and  f e e d  

pad   205  a r e   e a c h   m a i n t a i n e d   in  a  l o w e r e d   p o s i t i o n  

b e l o w   t h e   l e v e l   of   c h a n n e l   228  and  g u i d e   s u r f a c e  

2 2 4 .  

A f t e r   a  p r e d e t e r m i n e d   l e n g t h   of  s t r a p   S  h a s  

b e e n   f ed   o v e r   t h e   f e e d   pad  2 0 5 ,   t h e   f e e d   pad  205  i s  

r a i s e d ,   as  i l l u s t r a t e d   in  F i g u r e   10  in  t he   d i r e c t i o n  

of   a r r o w   2 3 4 ,   so  as  to   p u s h   a  l e a d i n g   s e g m e n t   of  t h e  

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

2 2 4 .   At  t h e   same  t i m e ,   as  i l l u s t r a t e d   in  F i g u r e   1 1 ,  

t h e   a n v i l   204  i s   l o w e r e d   in  t h e   d i r e c t i o n   of  a r r o w  

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

a r c   in  t h e   d i r e c t i o n   of  a r r o w   238  t h e r e b y   e n g a g i n g  

t h e   s t r a p   on  t h e   f e e d   pad  205  and  m o v i n g   t h e   e n g a g e d  

p o r t i o n   of   t h e   s t r a p   o f f   of  t h e   f e e d   pad  o n t o   t h e  

g u i d e   s u r f a c e   224 .   T h e n ,   as  i l l u s t r a t e d   i n  

F i g u r e   12 ,   t h e   f e e d   pad  205  i s   l o w e r e d   as  i n d i c a t e d  

by  a r r o w   2 4 0 .  

The  a n v i l   204  i s   c o n t i n u e d   to   be  r o t a t e d   o n  

t h e   g u i d e   s u r f a c e   2 2 4 ,   as  i l l u s t r a t e d   in  F i g u r e s  

1 3 - 1 5 ,   to  t w i s t   t h e   s t r a p   a t   T  and  fo rm  t h e   s t r a p   S 

i n t o . a  p r i m a r y   l o o p .   D u r i n g   f o r m a t i o n   of  t h e   p r i m a r y  

l o o p ,   t h e   s t r a p   S  i s   p u l l e d   by  t he   a n v i l   204  f rom  t h e  



s t r a p   s u p p l y   ( in   t h e   d i r e c t i o n   of  a r r o w s   242  i n  

F i g u r e   1 5 ) .   As  i l l u s t r a t e d   in  F i g u r e   15,   m o v e m e n t   o f  

t h e  s t r a p   S  i n t o   a  l o o p   by  t h e   a n v i l   204  c a u s e s   t h e  

s t r a p   l o o p   to  f l e x   u p w a r d l y   away  f rom  t h e   g u i d e  

s u r f a c e   2 2 4 .  

The  r o t a t i o n   of  a n v i l   204  i s   t e r m i n a t e d ,   a s  

i l l u s t r a t e d   in   F i g u r e s   7B  and  16,   w i t h   a  p o r t i o n   o f  

t h e   a n v i l   l ug   222  o v e r l y i n g   t h e   g u i d e   s u r f a c e   224  a n d  

w i t h   a  p o r t i o n   of  t h e   l u g   222  e x t e n d i n g   o u t w a r d l y  

f rom  f a c e   230  o v e r   t h e   we ld   head   218.   In  t h i s  

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

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

g u i d e   s u r f a c e   224  w h i l e   t h e   t r a i l i n g   p o r t i o n   of  t h e  

s t r a p   S  r e m a i n s   u n r e s t r a i n e d   b e l o w   t h e   a n v i l   204  a n d  

a b o v e   t h e   l o w e r e d   w e l d   pad  2 1 8 .  

W i t h   t h e   s t r a p  f r e e   end  r e s t r a i n e d   a g a i n s t  

f u r t h e r   m o v e m e n t   by  t h e   a n v i l   204 ,   t h e   t r a i l i n g  

p o r t i o n   of  t h e   s t r a p   S  is   fed   in   t h e   d i r e c t i o n   of  t h e  

a r r o w s   243  as  i l l u s t r a t e d   in  F i g u r e   16.  T h i s   f e e d i n g  

of  t h e   s t r a p   S  e x p a n d s   t h e   p r i m a r y   s t r a p   l o o p   to  a  

l a r g e r   s i z e .   When  t h e   s t r a p   l o o p   has   b e e n   e x p a n d e d  

to  t h e   s i z e   d e s i r e d ,   t h e   p a c k a g e   P  may  be  i n s e r t e d  

w i t h i n   t h e   l o o p   as  i l l u s t r a t e d   in  F i g u r e   1 7 .  

The  p a c k a g e   P  i s   p r o p e r l y   p l a c e d   in  t h e  

l o o p   by  p u s h i n g   t h e   p a c k a g e   i n t o   t h e   l o o p   and  t h e n  

b a c k   a g a i n s t   t h e   c y c l e   s w i t c h   c o v e r   158  ( F i g u r e   7A) 

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

s w i t c h   SW  is   p o s i t i o n e d   b e h i n d   t h e   s w i t c h   c o v e r   1 5 8  

(as  shown  in  F i g u r e   18  w i t h   t h e   s w i t c h   c o v e r   r e m o v e d )  

and  i s   a c t u a t e d   by  t h e   r e a r w a r d   m o v e m e n t   of  t h e   c o v e r  

p l a t e   158 .   The  a c t u a t i o n   of  t he   c y c l e   s w i t c h   SW 

e n e r g i z e s   t h e   s t r a p   t e n s i o n i n g   m e c h a n i s m   ( d e s c r i b e d  

in   d e t a i l   h e r e i n a f t e r )   to  w i t h d r a w   t he   t r a i l i n g  

p o r t i o n   of  t h e   s t r a p   S  in  t h e   d i r e c t i o n   of  a r r o w   2 4 4 ,  

as  i l l u s t r a t e d   in  F i g u r e   18,  to   t e n s i o n   t he   l o o p  

t i g h t l y   a b o u t   t h e   p a c k a g e   P .  



A f t e r   t h e   s t r a p   S  has   b e e n   d r a w n   t i g h t l y  

a r o u n d   t h e   p a c k a g e   P,  t h e   w e l d  p a d  2 1 8  i s  m o v e d ,  

u p w a r d l y   in  t h e   d i r e c t i o n   of  a r r o w   246  ( F i g u r e   19)  t o  

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

w e l d   pad  218  and  t h e   a n v i l   204 .   T h e   a n v i l   204  i s  

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

and  moves   u p w a r d l y   in  r e s p o n s e   to  t h e   u p w a r d   m o v e m e n t  

of   t h e   w e l d  p a d   2 1 8 .   The  a n v i l   204  may  r a i s e   t h e  

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

f o r c e d   u p w a r d l y .   As  t h e   we ld   pad  and  a n v i l   m o v e  

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

t h e r e b e t w e e n ,   a  c u t t e r   b l a d e   248  ( F i g u r e s   7B  and  1 9 )  

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

s t r a p   l o o p .  

The  w e l d   head   204  i s   r a i s e d   o n l y   a  

r e l a t i v e l y   s m a l l   a m o u n t   a b o v e   t h e  ' b o t t o m   of  t h e   s t r a p  

g u i d e   s u r f a c e   2 2 4 - - t o   a  h e i g h t   s u f f i c i e n t   to   e n a b l e  

t h e   t r a i l i n g   p o r t i o n   of  t h e   s t r a p   S  to   be  c u t   by  t h e  

c u t t e r   b l a d e   248  and  to   l i f t   t h e   p o r t i o n   of  t h e   s t r a p  
S  b e l o w   t h e   p a c k a g e   P  o f f   of  t h e   s t r a p   g u i d e   s u r f a c e  

224 .   N e x t ,   t h e   a n v i l   204  i s   o s c i l l a t e d ,   by  a  

m e c h a n i s m   to   be  d e s c r i b e d   in   d e t a i l   h e r e i n a f t e r ,   t o  

e f f e c t   a  f r i c t i o n - f u s i o n   we ld   of   t h e   s t r a p .   W i t h   t h e  

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

h e r e i n ,   t h e   f e e d   pad  205  i s   a l s o   r a i s e d   as  t h e   w e l d  

pad  i s   r a i s e d .   H o w e v e r ,   t h e   we ld   pad  218  m o v e s  

u p w a r d l y   a  g r e a t e r  a m o u n t   t h a n   t h e   f e e d   pad   2 0 5  s o  
t h a t   t h e   o v e r l a p p i n g   s t r a p   s e g m e n t s   p r e s s e d   b e t w e e n  

t he   w e l d   pad  218  and  t h e   a n v i l   204  a r e   c l e a r   o f   t h e  

t op   of   t h e   r a i s e d   f e e d   pad  205  as  w e l l   as  t h e   b o t t o m  

of  t h e   c a v i t y   224 .   S u b s e q u e n t l y ,   b o t h   t h e   f e e d   p a d  

205  and  t h e   w e l d   pad  218  a r e   l o w e r e d   a f t e r   t h e  

E r i c t i o n - f u s i o n   we ld   has   b e e n   c o m p l e t e d   and  h a s  

s u f f i c i e n t l y   c o o l e d .  

The  a n v i l   204  i s   n e x t   r a i s e d   t o  a   s l i g h t l y  



more   e l e v a t e d  p o s i t i o n   by  s u i t a b l e  m e a n s   ( d e s c r i b e d  

i n   d e t a i l  h e r e i n a f t e r )   w h i l e   t h e   we ld   pad  218  i s  

l o w e r e d   so  as  to  p r o v i d e   a d e q u a t e   c l e a r a n c e   f o r  

r e m o v a l   of  t h e   s t r a p p e d   p a c k a g e   f rom  t h e   a p p a r a t u s .  

T h i s   f u r t h e r   u p w a r d   m o v e m e n t   of  t h e   a n v i l   204  m a y  
l i f t   t h e  p a c k a g e   u p w a r d l y   a  s l i g h t   a d d i t i o n a l   a m o u n t .  

The  n o v e l   m e c h a n i s m s   f o r   f e e d i n g   a n d  

t e n s i o n i n g   t h e   s t r a p   S ,  o p e r a t i n g   t h e   a n v i l   204 ,   a n d  

o p e r a t i n g   t h e   f e e d   pad  205  and  we ld   pad  218  w i l l   n e x t  

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

2 0 - 2 9 .  

STRAP  FEEDING  AND  TENSIONING  MECHANISM 

F i g u r e   20  i l l u s t r a t e s   t h e   a p p a r a t u s   1 5 0  

w i t h   t h e   b a s e   152 ,   t a b l e   1 5 4 ,   and  r e e l   h o u s i n g   1 5 6  

r e m o v e d   to   b e t t e r   show  t h e   i n t e r i o r   c o m p o n e n t s  

m o u n t e d   to   a  b a s e   p l a t e   249 .   T h r e e   s e p a r a t e   m o t o r s  

a r e   p r o v i d e d :   a  s t r a p   f e e d i n g   and  t e n s i o n i n g   m o t o r  

250 ,   an  a n v i l   r o t a t i n g   and  o s c i l l a t i n g   m o t o r   252 ,   a n d  

a  cam  d r i v e   m o t o r   2 5 4 .  

As  b e s t   i l l u s t r a t e d   in  F i g u r e s   20  and  2 2 ,  

t h e   s t r a p   f e e d i n g   and  t e n s i o n i n g   m o t o r   2 5 0  i s   m o u n t e d  

on  a  p l a t e   256  and  has   an  o u t p u t  s h a f t   258  j o u r n a l e d  

in   a  v e r t i c a l   s u p p o r t   p l a t e   260 .   The  s h a f t   2 5 8  

c a r r i e s   a  s p r o c k e t   262  ( F i g u r e   20)  a r o u n d   w h i c h   i s  

t r a i n e d   a  d r i v e   c h a i n   264 .   The  d r i v e   c h a i n   264  i s  

a l s o   t r a i n e d   a r o u n d   a  d r i v e n   s p r o c k e t   266  ( F i g u r e s   2 1  

and  22)  m o u n t e d   to   a  s h a f t   268  j o u r n a l e d   in   a  s u p p o r t  

p l a t e  2 7 0   ( F i g u r e s   20  and  2 1 ) .  

On  t h e   s i d e   of  s u p p o r t   p l a t e   270  o p p o s i t e  

t h e   s p r o c k e t   2 6 6 ,   t h e   s h a f t   268  c a r r i e s   a n o t h e r   g e a r  
272  and  a  r o t a t a b l e ,   f i x e d - a x i s   f e e d   w h e e l   2 7 4  

( F i g u r e   20)  w h i c h   r o t a t e   w i t h   t h e   s h a f t .   A d j a c e n t  

t h e   f i x e d - a x i s   f e e d   w h e e l   274  i s   a  m o v a b l e   f e e d   w h e e l  

2 7 6   w h i c h   is   m o u n t e d   on  and  k e y e d   to  a  s h a f t   278  t h a t  

i s   j o u r n a l e d   in   a  p i v o t a b l e   s u p p o r t   p l a t e   280 .   T h e  



s u p p o r t   p l a t e   280  i s  p i v o t a l l y   m o u n t e d   t h r o u g h   b o r e  

282  ( F i g u r e   21)  by  means   of  a  p i n   2 8 8  ( F i g u r e s   20  a n d  

2 3 )   t o  a   f i x e d   p l a t e   2 8 6 .  

The  s h a f t   278  o f  f e e d  w h e e l   276  c a r r i e s   a  

g e a r   284  f o r   r o t a t i o n   t h e r e w i t h   ( F i g u r e   2 0 ) .   W i t h  

r e f e r e n c e  t o   F i g u r e   2 3 ,  t h e   p l a t e   280  i s   n o r m a l l y  

b i a s e d   to   a  f i r s t   p o s i t i o n   ( t o   t h e   r i g h t   by  a  

s u i t a b l e   s p r i n g ,   n o t   i l l u s t r a t e d ) ,   in  w h i c h   t h e   g e a r  
284  i s   e n g a g e d   w i t h  t h e   s p r o c k e t   272  a s s o c i a t e d   w i t h  

f e e d   w h e e l   2 7 4 .  

T h u s ,  w h e n   t h e  g e a r   284  i s   e n g a g e d   w i t h   t h e  

g e a r   2 7 2 ,   r o t a t i o n   of  t h e   s h a f t  2 6 8   c a u s e s  r o t a t i o n  

of   t h e   g e a r   272  and  h e n c e   r o t a t i o n   of  t h e  s h a f t   2 7 8 .  

B o t h   f e e d   w h e e l   274  and  f e e d   w h e e l  2 7 6   a r e   m o u n t e d  

f o r   r o t a t i o n  w i t h   s h a f t s  2 6 8   and  278 ,   r e s p e c t i v e l y ,  

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

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

S  t r a i n e d   b e t w e e n   t h e   two  f e e d   w h e e l s .   R o t a t i o n   o f  

m o t o r   250  i n  o n e   d i r e c t i o n   w i l l   c a u s e   t h e   s t r a p   S  t o  

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

t h e   m o t o r   250  in   t h e   o p p o s i t e   d i r e c t i o n  w i l l   c a u s e  

t h e   s t r a p   S  to   b e  w i t h d r a w n  f r o m   t h e  a p p a r a t u s .  

T h e   p l a t e  2 8 0   c an   be  p i v o t e d   to   a - s e c o n d  

p o s i t i o n   ( t o   t h e   l e f t   in   F i g u r e   2 3 ) ,   i n  w h i c h  t h e  

g e a r   284  i s   d i s e n g a g e d   f rom  t h e  g e a r   272 .   The  p l a t e  

280  i s   p i v o t e d   to   t h e  l e f t   by  a n  a r m   290  w h i c h  i s  

s e c u r e d   to   p l a t e   280  by  means   o f  s c r e w s   292  and  2 9 4  

and  w h i c h   h a s ,   a t  t h e   o p p o s i t e   e n d ,   a  r o l l e r  2 9 6  

m o u n t e d   f o r  r o t a t i o n   a b o u t   s c r e w   2 9 8 .  

As  b e s t   i l l u s t r a t e d  i n   F i g u r e s   2 0  a n d   2 3 ,  

t h e   r o l l e r   296  i s   a d a p t e d   to   b e  e n g a g e d   by  cam  3 0 0  

f o r m e d   on  a  c o n t r o l   cam  drum  302  w h i c h   i s   m o u n t e d   f o r  

r o t a t i o n   on  a  c a m   s h a f t   304 .   S h a f t   3 0 4  i s   s u i t a b l y  

j o u r n a l e d   in  a  p a i r   of  u p s t a n d i n g   s u p p o r t   p l a t e s   3 0 6  



a n d  3 0 8 .   When  t h e  c a m   drum  302  r o t a t e s   cam  300  ( b y  

m e c h a n i s m s   to  be  d e s c r i b e d   in   d e t a i l   h e r e i n a f t e r )   t o  

e n g a g e   t h e   r o l l e r   296  on  arm  2 9 0 ,  t h e   p l a t e   280  i s  

p i v o t e d  t o w a r d   t h e  l e f t   (as   v i e w e d  i n  F i g u r e   23)  t o  

move   t h e   f e e d   w h e e l s   274  and  276  a p a r t .   T h u s ,   e v e n  

t h o u g h   t h e   f e e d   w h e e l   274  may  b e  c o n t i n u e d   to   b e  

r o t a t e d   by  m o t o r   2 5 0 ,   t h e   s t r a p   S  w o u l d   no t   b e  

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

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

The  r o t a t i n g   f e e d   w h e e l   274  w o u l d   m e r e l y   s l i p   a g a i n s t  

t h e   s t r a p   S .  

When  t h e   cam  300  has   r o t a t e d   p a s t   t h e  

r o l l e r   2 9 6 ,   t h e  p l a t e   280  i s   u r g e d   to   t h e   r i g h t ,   a s  

v i e w e d   in   F i g u r e   23,   by  means   of  t h e   r e t u r n   s p r i n g  

( n o t   i l l u s t r a t e d ) .   The  s t r a p   S  i s   t h e n   p r e s s e d   i n  

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

g e a r   284  i s   r e - e n g a g e d   w i t h   g e a r   272  so  t h a t   b o t h  

f e e d   w h e e l s   can   r o t a t e   t o g e t h e r  t o   p u l l   t h e   s t r a p .  

CAM  DRIVE  MECHANISM 

As  b e s t   i l l u s t r a t e d   i n  F i g u r e s   20  and  2 1 ,  

t h e   c o n t r o l   cam  drum  302  i s   r o t a t e d   by  means   of  a  c a m  

. d r i v e   m o t o r   254 .   S p e c i f i c a l l y ,   m o t o r   254  has   a n  

o u t p u t   s p r o c k e t   316  a r o u n d   w h i c h   i s   t r a i n e d   a  d r i v e  

c h a i n   3 1 8 .   M o u n t e d   to   t h e   cam  s h a f t   3 0 4 ,   o u t b o a r d   o f  

p l a t e   3 0 8 ,   i s   a  s p r o c k e t   320  a r o u n d   w h i c h   t h e   c h a i n  

318  i s   a l s o   t r a i n e d .   T h u s ,   t h e   s h a f t   304  i s  d r i v e n  

t h r o u g h   c h a i n   308  by  m o t o r   2 5 4 .  

M o u n t e d   on  s h a f t   3 0 4 ,   b e t w e e n  t h e   t w o  

p l a t e s  3 0 6   and  3 0 8 ,   is   a  s w i t c h   cam  drum  322  w h i c h  

r o t a t e s   a l o n g   w i t h   c o n t r o l   c a m  d r u m   302  on  cam  s h a f t  

304 .   The  s w i t c h   cam  drum  322  i n c l u d e s   a  f i r s t   s w i t c h  

cam  3 3 1 ,   a  s e c o n d   s w i t c h   cam  332  and  a  t h i r d   s w i t c h  

cam  3 3 3 .   M o u n t e d   to   a  b a s e   p l a t e   336  a r e   s w i t c h e s  

3 4 1 ,   3 4 2 ,   and  3 4 3 ,   w h i c h   a r e   a s s o c i a t e d  w i t h ,   a n d  



a l i g n e d  w i t h ,   t h e   s w i t c h   c a m s  3 3 1 ,   3 3 2 ,   and  3 3 3 ,  

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

t h e   s w i t c h e s   o p e r a t e s  t h e   t h r e e   m o t o r s   in   t h e   p r o p e r  

s e q u e n c e .  
The  f i r s t   s w i t c h  3 4 1   i s   a s s o c i a t e d   w i t h   t h e  

a n v i l   r o t a t i n g   and  o s c i l l a t i n g   m o t o r   2 5 2 ,   t h e   s e c o n d  

s w i t c h   342  o p e r a t e s   t h e   cam  d r i v e   m o t o r  2 5 4 ,   a n d  t h e  

t h i r d   s w i t c h   343  o p e r a t e s   t h e   s t r a p   f e e d i n g  a n d  

t e n s i o n i n g   m o t o r   250 .   T h e  a c t u a t i o n   of  t h e   s w i t c h e s  

by  t h e   s w i t c h   cam  drum  322  and  t he   r e s u l t i n g  

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

in  d e t a i l   h e r e i n a f t e r .  

WELD  PAD AND FEED  PAD  ACTUATING  MECHANISMS 

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

w e l d   pad  218  and  f e e d   pad  205  w i l l   n e x t   be  d e s c r i b e d  

w i t h   r e f e r e n c e   to   F i g u r e s   7B,  21 ,   and  28.   As  b e s t  

i l l u s t r a t e d   in   F i g u r e   28 ,   w e l d   p a d  2 1 8   and  f e e d   p a d  

205  a r e   r e t a i n e d   b e h i n d   p l a t e   286  w h i c h   has   a n  

e l o n g a t e d   s l o t   3 5 1  c o m m u n i c a t i n g   w i t h   t h e   we ld   p a d  

218  and  a n  e l o n g a t e d  s l o t   353  c o m m u n i c a t i n g   w i t h  t h e  

f e e d   pad  2 0 5 .  

A s   b e s t   i l l u s t r a t e d   in  F i g u r e  2 1 ,  a   p i n   3 5 5  

p a s s e s   t h r o u g h   t h e   s l o t   3 5 1  a n d   i s  r e c e i v e d   in   t h e  

w e l d   pad  218 .   S i m i l a r l y ,  a   p i n   3 5 7  p a s s e s   t h r o u g h  

t h e   s l o t   353  and  i s   r e c e i v e d   in   t h e   f e e d   pad  2 0 5 .   A s  

b e s t   i l l u s t r a t e d  i n   F i g u r e   28,   p i n  3 5 5   i s   c a r r i e d   a t  

t h e   end  of  a  w e l d   pad  a c t u a t i n g  a r m   359  and  e x t e n d s  

b e y o n d   t h e   a r m  3 5 9   an  a m o u n t   s u f f i c i e n t   t o   c a r r y   a  

r o l l e r   361  r o t a t a b l y   m o u n t e d   t h e r e o n .   S i m i l a r l y ,   p i n  

357  i s   c a r r i e d   on  t h e   end  of  a n  L - s h a p e d  f e e d  p a d  

a c t u a t i n g   arm  363 .   The  o t h e r  e n d   of  L - s h a p e d   arm  3 6 3  

c a r r i e s   a  p i n   365  to   w h i c h   i s   r o t a t a b l y  m o u n t e d   a  

r o l l e r   3 6 7 .  

The  w e l d   pad  a c t u a t i n g   a r m  3 5 9   i s  p i v o t a b l y  



m o u n t e d   by  m e a n s  o f   a  p i n   369  to   t h e   v e r t i c a l  s i d e  

p l a t e   286  as  b e s t   i l l u s t r a t e d   in  F i g u r e   20  a n d  i s  

s p r i n g   b i a s e d   d o w n w a r d l y   a g a i n s t   t h e   cam  drum  3 0 2  b y .  

m e a n s   of  a  h e l i c a l  c o m p r e s s i o n   s p r i n g   3 7 1 .  

The  f e e d   pad  a c t u a t i n g   arm  363  i s   p i v o t a b l y  

m o u n t e d   t o   v e r t i c a l   p l a t e   286  by  p i n  3 7 3 .   Arm  363  i s  

b i a s e d   i n w a r d l y   to  h o l d   t h e   r o l l e r  3 6 7   a g a i n s t   t h e  

cam  drum  302  by  means   of  a  s p r i n g   375  m o u n t e d   in  a  

s p r i n g   s u p p o r t   b l o c k   377  as  b e s t   i l l u s t r a t e d   i n  

F i g u r e   20.  The  s p r i n g   s u p p o r t   b l o c k   377  i s  s e c u r e d  

to   t h e   v e r t i c a l   s u p p o r t   p l a t e   286  by  m e a n s  o f   a  s c r e w  

3 7 9 .  

As  b e s t   i l l u s t r a t e d   in   F i g u r e   20  and  2 1 ,  

t h e   cam  drum  302  has   a  cam  380  f o r   e n g a g i n g   t h e  

r o l l e r   367  of   t h e   f e e d   pad  a c t u a t i n g   arm  3 6 3 .  

S i m i l a r l y ,   t h e   cam  drum  3 0 2  h a s   a  c a m  3 8 2   f o r  

e n g a g i n g   t h e   r o l l e r   361  on  t h e   w e l d   pad  a c t u a t i n g   a r m  

359 .   R o t a t i o n   of  t he   cam  drum  302  by  means   of  t h e  

cam  d r i v e   m o t o r   254  w i l l   t h u s   e f f e c t   r a i s i n g   a n d  

l o w e r i n g  o f   t h e   w e l d   pad  218  a n d  f e e d   pad  205  a s  

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

ANVIL  OPERATING  M E C H A N I S M  

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

204  w i l l   n e x t   be  d e s c r i b e d   in   d e t a i l   w i t h   r e f e r e n c e  

to   F i g u r e s   21  and  2 4 - 2 8   in   p a r t i c u l a r .  

A s - b e s t   i l l u s t r a t e d   in   F i g u r e   21,   t h e   a n v i l  

204  i s   m o u n t e d   w i t h   c o v e r   p l a t e   220  to   a  s h a f t   4 0 0  

w i t h   s c r e w   221  f o r   r o t a t i o n   w i t h   t h e   s h a f t .   T h e  

s h a f t  4 0 0   is   v e r t i c a l l y   o r i e n t e d   in  a  b o r e   402  o f   a  

b e a r i n g   b l o c k   404 .   The  s h a f t   400  i s   a d a p t e d   t o  

r o t a t e   a b o u t   i t s   l o n g i t u d i n a l   a x i s   and  to   b e  

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

d e s c r i b e d   in  d e t a i l   h e r e i n a f t e r .  

V e r t i c a l   m o v e m e n t   of  t h e   s h a f t   400  a n d  

a n v i l   2 0 4 . i s   e f f e c t e d   by  t h e   c o n t r o l  c a m   drum  3 0 2  



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

s h a f t   400 .   S p e c i f i c a l l y ,   an  a n v i l   l i f t   cam  406  i s  

. p o s i t i o n e d   b e l o w   t h e   b o t t o m   of  t h e  s h a f t  4 0 0 .   T h e  

c a m   4 0 6  i s   p i v o t a l l y   m o u n t e d   w i t h  a   p i n   410  r o t a t i o n  

t o   a  f i x e d   b l o c k   412  ( F i g u r e   2 9 ) .   As  b e s t   i l l u s -  

t r a t e d   in   F i g u r e   28,   t h e   u p p e r   end  of  t h e   cam  4 0 6  

c a r r i e s   a  p i n  4 1 4   to   w h i c h   i s  r o t a t a b l y   m o u n t e d   a  

r o l l e r   416 .   The  r o l l e r   416  e n g a g e s   t h e   c o n t r o l   c a m  

drum  302  and  i s   a d a p t e d   to   be  cammed  o u t w a r d l y   by  c a m  

4 1 8  o n   t h e   drum  302 .   When  t h e   r o l l e r   416  i s   m o v e d  

o u t w a r d l y   by  t h e   cam  418 ,   t h e   a n v i l   l i f t   cam  4 0 6  

p i v o t s   ( c o u n t e r c l o c k w i s e   as  v i e w e d   in   F i g u r e   2 8 )  

a b o u t   p i n   410  to   l i f t   t he   a n v i l  s h a f t   400  and  a n v i l  

204  u p w a r d l y .  

As  b e s t   i l l u s t r a t e d   in   F i g u r e   21,   a  h e l i c a l  

c o i l   c o m p r e s s i o n   s p r i n g   420  i s   m o u n t e d  a r o u n d   t h e  

l o w e r   end  of  t h e   s h a f t   400 .   The  u p p e r   end   of  t h e  

s p r i n g   420  i s   e n g a g e d   w i t h   t h e   u n d e r s i d e   of  t h e  

b e a r i n g   b l o c k   404  and  t h e   b o t t o m   end  o f  t h e   s p r i n g  

420  b e a r s   a g a i n s t   a  r i n g   422  h e l d   on  t h e   b o t t o m   o f  

t h e   s h a f t   400  by  m e a n s  o f   an  a d j u s t a b l e   r e t a i n i n g   n u t  

424 .   T h u s ,   t h e   s h a f t   i s   n o r m a l l y   b i a s e d   d o w n w a r d l y  

by  s p r i n g   420  a g a i n s t   t h e   a n v i l   cam  406  t o   h o l d   t h e  

r o l l e r   416  a g a i n s t   t h e   c o n t r o l  c a m   drum  302 .   In  t h i s  

l o w e r e d   p o s i t i o n ,   t h e   a n v i l   204  i s   h e l d   a g a i n s t   t h e  

s t r a p   l y i n g   t h e r e u n d e r   ( a s  i l l u s t r a t e d   in   F i g u r e  

1 0 ) .   H o w e v e r ,   r o t a t i o n   of  t h e   c o n t r o l  c a m   drum  3 0 2 ,  

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

h e r e i n a f t e r ,   w i l l   c a u s e   cam  418  to   e n g a g e   t h e   c a m  

r o l l e r  4 1 6   and  l i f t   t h e   a n v i l   s h a f t   400  and  a n v i l   2 0 4  

to   an  e l e v a t e d   p o s i t i o n .   The  f o r c e   of  s p r i n g   420  o n  

s h a f t   400  can   be  a d j u s t e d   by  m e a n s   of  t h e   n u t   4 2 4 .  

The  a n v i l   i s   r o t a t e d   w i t h   s h a f t   400  to   f o r m  

t h e   p r i m a r y   s t r a p  l o o p   and  i s   o s c i l l a t e d   to   fo rm  t h e  

f r i c t i o n - f u s i o n   w e l d   by  means   o f   m o t o r   252  a c t i n g  



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

r e f e r e n c e   t o  F i g u r e s   21  and  24,  t h e   m o t o r   252  h a s   a  

s h a f t   430  to   w h i c h   i s   m o u n t e d   a  p u l l e y   432  f o r  

r o t a t i o n   t h e r e w i t h .   A  t o o t h e d  d r i v e   b e l t   434  i s  

t r a i n e d   a r o u n d   p u l l e y   432  on  one  end  and  a r o u n d   a  

p u l l e y   436  a t   t h e   o t h e r   e n d .   A  s h a f t   438  i s   m o u n t e d  

to   t he   p u l l e y   436  f o r   r o t a t i o n   t h e r e w i t h .   The  s h a f t  

438  r o t a t e s   w i t h i n   a  p a i r   of  b e a r i n g   s u p p o r t   b l o c k s  

440  and  442  ( i l l u s t r a t e d   in   F i g u r e   24  b u t   o m i t t e d   f o r  

p u r p o s e s   of  c l a r i t y   f rom  F i g u r e   2 1 ) .  

P r o j e c t i n g   f r o m   the   end  of  s h a f t   438  i s   a n  

o f f s e t   or  e c c e n t r i c   c y l i n d r i c a l   s h a f t   444 .   E c c e n t r i c  

s h a f t  4 4 4   c a r r i e s   t h e r e o n   a  r o l l e r   446  w h i c h   i s   f r e e  

to   r o t a t e   on  e c c e n t r i c   s h a f t   444 .   The  e c c e n t r i c  

s h a f t   444  and  r o l l e r   446  a r e   r e c e i v e d   w i t h i n   a n  

o p e n i n g   4-48  of   a  r o c k e r   member   4 5 0 .  

The  r o c k e r   member   450  i s   m o u n t e d   on  t h e  

a n v i l   s h a f t  4 0 0   and  i n c l u d e s   a  one  way  c l u t c h   f o r  

e n g a g i n g   s h a f t   400 .   As  b e s t   i l l u s t r a t e d   in  F i g u r e  

26,   t h e   c l u t c h   may  be  of  t he   t y p e   t h a t   h a s  t h e   f o r m  

of  a  p l u r a l i t y   of  i n w a r d l y   f a c i n g   c l u t c h   t e e t h   4 5 2  

w h i c h   t r a p   c y l i n d r i c a l l y   s h a p e d   r o l l e r s   454  t h e r e -  

b e t w e e n  a n d   w h e r e i n   t h e   t e e t h   452  a r e   s h a p e d   to   a l l o w  

t h e   r o c k e r   member   450  to   r o t a t e   f r e e l y   in   o n e  

d i r e c t i o n   a b o u t   s h a f t   400  ( c l o c k w i s e   i n   F i g u r e   2 6 )  

b u t   b i n d   t h e   r o l l e r s   454  a g a i n s t  t h e  s h a f t   400  w h e n  

t h e   r o c k e r   member   450  i s   r o t a t e d   in   t h e   o p p o s i t e  

d i r e c t i o n   ( c o u n t e r c l o c k w i s e   in   F i g u r e   26)  t h e r e b y  

c a u s i n g   t h e   r o c k e r   member   450  and  t h e   s h a f t   400  t o  

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

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

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

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

d i s e n g a g e s   as  n e c e s s a r y   d u r i n g   t h e  r o t a t i o n   of  t h e  



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

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

a n v i l .   T h i s   o p e r a t i o n   w i l l   be  e x p l a i n e d   in   d e t a i l  

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

m e c h a n i s m s   t h a t   c o o p e r a t e   w i t h   t h e   r o c k e r   member   4 5 0  

and  w i t h   t h e   c o n t r o l   cam  drum  302  to   i n i t i a l l y   r o t a t e  

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

As  b e s t   i l l u s t r a t e d   in   F i g u r e s   21,   24 ,   a n d  

25  a  t o p   r o c k e r   g u i d e   456  i s   s e c u r e d   to   s h a f t   400  b y  

m e a n s   of  p i n   458  and  has   an  o u t w a r d l y   p r o j e c t i n g   l u g  

460  a d a p t e d   to   be  e n g a g e d   by  a  cam  462  on  c o n t r o l   c a m  

drum  302 .   The  l u g   462  i s   c a r r i e d  o n   t h e   end  f a c e   o f  

c o n t r o l   cam  drum  302  and  t h u s   r o t a t e s   in  a  c i r c l e  

o r i e n t e d   in   t h e   v e r t i c a l   p l a n e   p a r a l l e l  t o   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   a n v i l   s h a f t  4 0 0 .   When  t h e  

cam  462  i s   r o t a t e d   i n t o   e n g a g e m e n t   w i t h   t h e   l u g   4 6 0 ,  

t h e   s h a f t   400  and  a n v i l   204  a r e   r o t a t e d   t o g e t h e r  

t h r o u g h   a  p r e d e t e r m i n e d   a n g l e   as  t he   cam  462  i s  

c a r r i e d   p a s t   t h e   l u g   460 .   T h i s   e f f e c t s   t h e   m o v e m e n t  

of   t h e   s t r a p   f r o m   t h e   f e e d   pad  205  o n t o   t h e   g u i d e  

s u r f a c e   224  a s   b e s t   i l l u s t r a t e d   in  F i g u r e   1 1 .  

A  b o t t o m   r o c k e r   g u i d e   4 6 4  i s   s e c u r e d   t o  

s h a f t   400  b e l o w   t h e   r o c k e r   member   450  by  means   of  a  

p i n   466 .   As  b e s t   i l l u s t r a t e d   in   F i g u r e   27,   t h e  

b o t t o m   r o c k e r   g u i d e   464  d e f i n e s   a  n o t c h   or  d e t e n t   4 6 8  

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

e n g a g e d   by  a  pawl   470 .   As  b e s t   i l l u s t r a t e d   in  F i g u r e  

24,   t h e   p a w l   470  i s   m o u n t e d   a d j a c e n t   t h e   b o t t o m  

r o c k e r   g u i d e   464  by  m e a n s   of  a  p i n   472  to   t h e   b o t t o m  

of  a  l u g   474  p r o j e c t i n g   o u t w a r d l y   f rom  t he   r o c k e r  

member   4 5 0 .  

The  end  of   t h e   pawl   470  o p p o s i t e   t h e   b o t t o m  

r o c k e r   g u i d e   n o t c h   468  d e f i n e s   a  b o r e   476  in  w h i c h   i s  

r e c e i v e d   a  h e l i c a l   c o m p r e s s i o n   s p r i n g   478 .   T h e  

s p r i n g   478  e x t e n d s   o u t   of  t h e   b o r e   476  and  b e a r s  



a g a i n s t   t h e   s i d e   of  t h e   r o c k e r   member   450  to  b i a s   t h e  

pawl   470  ( c l o c k w i s e   as  v i e w e d - i n   F i g u r e s   24  and  2 7 )  

i n t o   e n g a g e m e n t   w i t h   t h e   n o t c h   468  of  t he   b o t t o m  

r o c k e r   g u i d e   4 6 4 .  

W i t h   c o n t i n u e d   r e f e r e n c e   to   F i g u r e s   21,   24 

and  27,   t h e   c o n t r o l   cam  drum  302  i s   s e e n   to   i n c l u d e  

an  a d d i t i o n a l   cam  480  on  t h e   end  s u r f a c e   t h e r e o f   f o r  

e n g a g i n g   t h e   d i s t a l   end  of  t he   pawl   470 .   The  c a m  

4 8 0 ,   l i k e   cam  4 6 2 ,   r o t a t e s   in  a  c i r c l e   in  a  v e r t i c a l  

p l a n e   p a r a l l e l   to   t he   l o n g i t u d i n a l   a x i s   of  t he   a n v i l  

s h a f t   400 .   T h u s ,   r o t a t i o n   of  c o n t r o l   cam  drum  3 0 2  

w i l l   b r i n g   cam  480  i n t o   e n g a g e m e n t   w i t h   pawl   470  t o  

t h e r e b y   d i s e n g a g e   t h e   pawl   470  f rom  t he   n o t c h   468  o f  

t h e   b o t t o m   r o c k e r   g u i d e   4 6 4 .  

When  t h e   pawl   470  i s   moved  by  t he   c o n t r o l  

cam  l u g   480  t o   d i s e n g a g e   f rom  t h e   n o t c h   468  of  t h e  

b o t t o m   r o c k e r   g u i d e   4 6 4 ,   t h e   r o c k e r   member   450  i s  

f r e e   to   r o t a t e   on  t h e   a n v i l   s h a f t   400  in  t h e  

c l o c k w i s e   r o t a t i o n   d i r e c t i o n   as  v i e w e d   in  F i g u r e   2 4 .  

In   t h i s   c a s e ,   r o t a t i o n   of  t he   e c c e n t r i c   s h a f t   4 4 4  

w i t h i n   t h e   r o c k e r   member   o p e n i n g   448  w i l l   c a u s e  

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

a n v i l   s h a f t   400  a b o u t   i t s   l o n g i t u d i n a l   a x i s .   T h a t  

i s ,   when  t h e   e c c e n t r i c   s h a f t   444  has   r o t a t e d   to   t h e  

p o s i t i o n   i l l u s t r a t e d   in   F i g u r e   24,   t h e   r o l l e r   4 4 6  

c a r r i e d   on  t h e   e c c e n t r i c   s h a f t   444  e n g a g e s   t h e  

l e f t - h a n d   s i d e   of  t h e   o p e n i n g   448  of  t h e   r o c k e r  

member   450 .   T h i s   t e n d s   to   r o t a t e   t he   r o c k e r   m e m b e r  

450  ( i n   t he   c o u n t e r c l o c k w i s e   d i r e c t i o n   as  v i e w e d   i n  

F i g u r e   2 4 ) .   H o w e v e r ,   t h e   c l u t c h   r o l l e r s   454  a r e  

b o u n d   b e t w e e n   t h e   r o c k e r   member   450  and  the   a n v i l  

s h a f t   400  so  t h a t   t h e   s h a f t   400  n e c e s s a r i l y   r o t a t e s  

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

r o t a t i o n   of  t h e   r o c k e r   member   4 5 0 .  

As  t he   e c c e n t r i c   s h a f t   444  c o n t i n u e s   t o  



r o t a t e   w i t h i n   t h e  o p e n i n g   448  of  t h e  r o c k e r   m e m b e r  

4 5 0 ,   t h e   r o l l e r   446  on  t h e   e c c e n t r i c   s h a f t   444  b e g i n s  

to  e n g a g e   t h e   o p p o s i t e   s i d e   of  t h e   r o c k e r   member  4 5 0  

and  t h u s   r o t a t e s   t h e   r o c k e r   member   in   t h e   o p p o s i t e  

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

r o l l e r s   454  a r e   f r e e d   and  t h e r e   i s   no  d r i v i n g  o f   t h e  

a n v i l   s h a f t   400  in   t h a t   d i r e c t i o n   by  t h e   r o c k e r  

member   4 5 0 .   C o n s e q u e n t l y ,   t h e   a n v i l   s h a f t   400  i s  

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

e c c e n t r i c   s h a f t   444 .   The  a n v i l   s h a f t   400  i s   t h u s  

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

c o u n t e r c l o c k w i s e   d i r e c t i o n ,   as  v i e w e d   i n   F i g u r e   2 4 ,  

t o   r o t a t e   t h e   a n v i l   in  a  c i r c u l a r   a r c .   T h i s  

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

F i g u r e s   1 2 - 1 6 .  

When  t h e   c o n t r o l   cam  302'  h a s   r o t a t e d   t o  

move  t h e   l ug   480  c o m p l e t e l y   p a s t   t h e   pawl   470 ,   t h e  

p a w l   470  i s   r e t u r n e d   by  b i a s   s p r i n g   478  b a c k   a g a i n s t  

t h e   c i r c u m f e r e n c e   of  t h e   b o t t o m   r o c k e r   g u i d e   4 6 4 . -  

H o w e v e r ,   s i n c e   t h e   b o t t o m   r o c k e r   g u i d e   464  t u r n s   w i t h  

t h e   a n v i l   s h a f t   400 ,   t h e   pawl   470  d o e s   no t   e n g a g e   t h e  

n o t c h   468  u n t i l   t h e   a n v i l   has   m a d e  a   c o m p l e t e  

r e v o l u t i o n .   A f t e r   a n v i l   has   b e e n   r o t a t e d   a r o u n d   t o  

i t s   o r i g i n a l   p o s i t i o n ,   pawl   470  r e - e n g a g e s   t h e   n o t c h  

468  of   b o t t o m   r o c k e r   g u i d e   4 6 4 .  

When  t h e   p a w l   470  i s   r e - e n g a g e d   w i t h   t h e  

n o t c h   468  on  t h e   b o t t o m   r o c k e r   g u i d e   4 6 4 ,   t h e   h a l f  

c y c l e   r o t a t i o n   of  t h e   r o c k e r   member   450  in   t h e  

c l o c k w i s e   d i r e c t i o n   by  e c c e n t r i c   s h a f t   444 ,   as  v i e w e d  

in   F i g u r e   24,   w i l l   c a u s e   t h e   p a w l   470  to   r o t a t e   t h e  

a n v i l   s h a f t   400  t h r o u g h   a  s m a l l   a r c   in   t h e   c l o c k w i s e  

d i r e c t i o n .   On  t h e   o t h e r   h a n d ,   t h e   h a l f   c y c l e  

r o t a t i o n   of  t h e   r o c k e r   member   450  i n   t h e   c o u n t e r -  

c l o c k w i s e   d i r e c t i o n   w i l l   c a u s e   t h e  a n v i l   s h a f t   400  t o  

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



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

e f f e c t ,   t h e   r o c k e r   member   450  i s   l o c k e d   a g a i n s t  

m o v e m e n t   r e l a t i v e   to   t h e   s h a f t   400 .   T h u s ,   when  t h e  

pawl   470  i s   e n g a g e d ,   r o t a t i o n   of  t he   e c c e n t r i c   s h a f t  

444  w i t h i n   t h e   r o c k e r   member   o p e n i n g   448  w i l l   c a u s e  

t h e   r o c k e r   member   450  and  a n v i l   s h a f t   400  t o  

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

400 .   T h i s   m o v e m e n t   i s   u s e d   d u r i n g   t h e   f r i c t i o n -  

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

s e g m e n t s .  

APPARATUS  OPERATING  SEQUENCE 

The  s e q u e n c e   of  o p e r a t i o n   of  one  c o m p l e t e  

s t r a p p i n g   c y c l e ,  w i l l   n e x t   be  d e s c r i b e d .   A  s t r a p p i n g  

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

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

end  of  t he   p r e v i o u s   c y c l e .   The  e n l a r g e d   s t r a p   l o o p  

has  t he   o r i e n t a t i o n   s u b s t a n t i a l l y   as  shown  in  F i g u r e  

7 A .  

To  i n i t i a t e   t h e   s t r a p p i n g   c y c l e ,   a  p a c k a g e  

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

a p p a r a t u s   150  ( F i g u r e   7A)  and  a g a i n s t   t h e   c y c l e  

s w i t c h   c o v e r   158 .   The  c y c l e   s w i t c h   ( s w i t c h   SW  i n  

F i g u r e   18)  i s   a c t u a t e d   by  t he   i n w a r d   m o v e m e n t   of  t h e  

c y c l e   s w i t c h   c o v e r   1 5 8 .  

The  c y c l e   s w i t c h   e n e r g i z e s   t he   s t r a p  

f e e d i n g   and  t e n s i o n i n g   m o t o r   250  w h i c h   r o t a t e s   in  t h e  

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

t o g e t h e r   s t r a p   f e e d   w h e e l s   274  and  276  to   t i g h t e n   t h e  

l o o p   a b o u t   t h e   p a c k a g e .   When  t h e   s t r a p   has   b e e n  

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

and  t e n s i o n i n g   m o t o r   250  s t a l l s .  

A  s u i t a b l e   c o n v e n t i o n a l   e l e c t r i c a l   c o n t r o l  

c i r c u i t   s e n s e s   t h e   s t a l l i n g   of  m o t o r   250  a n d  

e n e r g i z e s   t h e   cam  d r i v e   m o t o r   254  to   b e g i n   r o t a t i o n  

of  t he   s w i t c h   cam  drum  322  and  c o n t r o l   cam  drum  3 0 2  



w i t h   cam  s h a f t   304 .   S i m u l t a n e o u s l y ,   t h e   s t r a p  

f e e d i n g   and  t e n s i o n i n g   m o t o r - 2 5 0   i s   d e - e n e r g i z e d   a n d  

an  e l e c t r i c a l   b r a k e   ( n o t   i l l u s t r a t e d )   a s s o c i a t e d   w i t h  

m o t o r   250  i s   a c t u a t e d   to   h o l d   t h e   s t r a p   t e n s i o n  

a r o u n d   t h e   p a c k a g e .  

The  cam  d r i v e   m o t o r   254  r o t a t e s   to  d r i v e  

t h e   cam  s h a f t   304  in   t h e   c l o c k w i s e   d i r e c t i o n   a s  

v i e w e d   in   F i g u r e   28.  The  s e q u e n c e   of  t h e   a p p a r a t u s  

o p e r a t i o n   i s   e f f e c t e d   w i t h i n   a  s i n g l e   360  d e g r e e  

r e v o l u t i o n   of  t h e   cam  s h a f t   304  as  e x p l a i n e d   i n  

d e t a i l   h e r e i n a f t e r .  

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

t h e   cam  s h a f t   304  i s   d e s i g n a t e d   as  h a v i n g   a  0  d e g r e e  

r o t a t i o n   r e f e r e n c e   p o s i t i o n   a t   t h e   b e g i n n i n g   of  t h e  

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

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

s h a f t   304  had  r o t a t e d   f r o m   t h e   0  d e g r e e   r e f e r e n c e  

p o s i t i o n   to   150  d e g r e e s   of  a  c o m p l e t e   r e v o l u t i o n  

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

as  i l l u s t r a t e d   in   F i g u r e   7 A .  

W i t h   t h e   cam  s h a f t   304  r o t a t e d   150  d e g r e e s ,  

w h e r e i n   t h e   e x p a n d e d   l o o p   i s   r e a d y   t o   r e c e i v e   a  

p a c k a g e ,   t h e   cam  s h a f t   304  i s   s a i d   to   be  a t   t h e   " h o m e  

p o s i t i o n "   and  t h e   a p p a r a t u s   i s   r e a d y   to   b e g i n   a  n e w  

p a c k a g i n g   c y c l e .   When  t h e   new  p a c k a g e   i s   p l a c e d  

w i t h i n   t h e   l o o p   to   a c t u a t e   t h e   cam  d r i v e   m o t o r   2 5 4 ,  

t h e   cam  s h a f t   304  b e g i n s   r o t a t i n g   f rom  t h e   150  d e g r e e  

"home  p o s i t i o n . "  

As  t h e   s h a f t   304  r o t a t e s   f rom  t h e   " h o m e  

p o s i t i o n " ,   t h e   c o n t r o l   cam  drum  302  and  t h e   s w i t c h  

cam  drum  322  b o t h   r o t a t e   w i t h   t h e   s h a f t .   A f t e r   t h e  

c o n t r o l   cam  drum  302  has   r o t a t e d   to   160  d e g r e e s   o f  

f u l l   r o t a t i o n   ( i . e . ,   160  d e g r e e s   f rom  t h e   r e f e r e n c e  

p o s i t i o n ) ,   t h e   d o w n w a r d l y   c u r v e d   end  of  cam  3 8 0  

( F i g u r e s   21  and  28)  b e g i n s   to   move  p a s t   t h e   r o l l e r  

367  on  t h e   f e e d   pad   a c t u a t i n g   arm  363 .   The  a c t u a t i n g  



arm  s p r i n g   375  t h e n   r o t a t e s   t he   arm  363  a b o u t  i t s  

p i v o t   p i n   373  to   r a i s e   t he   f e e d   pad  205  to   t h e  

e l e v a t e d   p o s i t i o n .   At  174  d e g r e e s   of  cam  s h a f t  

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

205  i s   f u l l y   e l e v a t e d .   A l s o   a t   174  d e g r e e s   of  c a m  

s h a f t   r o t a t i o n ,   t h e   cam  382  b e g i n s   to   e n g a g e   t h e  

r o l l e r   361  f o r   r a i s i n g   t h e   w e l d   pad  218.   At  1 9 5  

d e g r e e s   of  cam  s h a f t   r o t a t i o n   f rom  t he   r e f e r e n c e  

p o s i t i o n ,   t h e   w e l d   pad  218  has  b e e n   r a i s e d   to   t h e  

maximum  e l e v a t i o n .   At  t h i s   maximum  e l e v a t i o n ,   t h e  

t o p   of  t h e   w e l d   pad  218  i s   h i g h e r   t h a n   the   t o p   of  t h e  

f e e d   pad  205  and  has   f o r c e d   t h e   o v e r l a p p i n g   s t r a p  

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

204  as  i l l u s t r a t e d   in  F i g u r e   1 9 .  

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

we ld   pad  218  r a i s e s   t he   a n v i l   204  a  s l i g h t   a m o u n t  

( a g a i n s t   t h e   b i a s   of  t h e   c o m p r e s s i o n   s p r i n g   420  a t  

t h e   b o t t o m   of  t h e   a n v i l   s h a f t   4 0 0 ) .   The  u p w a r d  

m o v e m e n t   of  t h e   a n v i l   204  p e r m i t s   t h e   o v e r l a p p i n g  

s t r a p   s e g m e n t s   to  be  r a i s e d   o f f   of  t he   s t r a p   c a v i t y  

g u i d e   s u r f a c e   224 .   D u r i n g   t h e   u p w a r d   m o v e m e n t   of  t h e  

we ld   pad  218  and  a n v i l   214  t o g e t h e r ,   t he   c u t t e r   b l a d e  

248  s e v e r s   t h e   t r a i l i n g   p o r t i o n   of  t he   s t r a p .  

At  195  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

s w i t c h   341  i s   a c t u a t e d   by  i t s   a s s o c i a t e d   cam  3 3 1  

( F i g u r e   20)  to   e n e r g i z e   t h e   a n v i l   r o t a t i n g   a n d  

o s c i l l a t i n g   m o t o r   252  to   w e l d   t h e   l o o p   o v e r l a p p i n g  

s t r a p   s e g m e n t s   t o g e t h e r .   In  t h i s   w e l d i n g   p o s i t i o n ,  

t he   p a w l   470  i s   e n g a g e d   w i t h   t h e   b o t t o m   r o c k e r   g u i d e  

n o t c h   468  ( F i g u r e s   24  and  27)  so  t h a t   t h e   r o c k e r  

member   450  i s   l o c k e d   to   t h e   a n v i l   s h a f t   400  as  a  

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

r o c k e r   member   c l u t c h .   H e n c e ,   as  e x p l a i n e d   i n  d e t a i l  

a b o v e ,   r o t a t i o n   of  t h e   e c c e n t r i c   s h a f t   444  w i t h i n   t h e  

r o c k e r   member   450  by  t h e   m o t o r   252  w i l l   c a u s e  



o s c i l l a t i o n   t h e   s h a f t   400  and  t h e   a n v i l   204  c o n n e c t e d  

t h e r e t o   to   e f f e c t   t h e   f r i c t i o n - f u s i o n   w e l d .   As  t h e  

w e l d   i s   b e i n g   f o r m e d ,   t h e   a n v i l   204  and  we ld   pad  2 1 8  

a r e   in  t h e   p o s i t i o n   i l l u s t r a t e d   g e n e r a l l y   in  F i g u r e  

1 9 .  

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

p r e f e r a b l y   a b o u t   l / 8 t h   i n c h   and  t h e   f r e q u e n c y   of  t h e  

o s c i l l a t i o n   i s   p r e f e r a b l y   b e t w e e n   5000  and  6 0 0 0  

H e r t z .   U n d e r   t h e s e   c o n d i t i o n s ,   t h e   s h a f t   and  a n v i l  

a r e   p r e f e r a b l y   o s c i l l a t e d   f o r   a b o u t   0 . 2 5   s e c o n d s   t o  

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

s t r a p   s e g m e n t s .  

As  s w i t c h   cam  331  p a s s e s   s w i t c h   341  a t   2 9 5  

d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e   s w i t c h   341  i s  

r e l e a s e d   ( i . e . ,   r e s e t )   to   d e - e n e r g i z e   t h e   a n v i l  

r o t a t i n g   and  o s c i l l a t i n g   m o t o r   252 .   Though   t he   a n v i l  

204  i s   no  l o n g e r   o s c i l l a t e d ,   t h e   w e l d   pad  218  a n d  

a n v i l   204  a r e   m a i n t a i n e d   in   t h e i r   e l e v a t e d   p o s i t i o n s  

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

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

p r e f e r a b l y   a b o u t   0 . 1   s e c o n d .  

At  315  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e  

w e l d   pad  218  i s   u r g e d   d o w n w a r d l y   away  f r o m   t he   w e l d e d  

s t r a p .   S p e c i f i c a l l y ,   cam  382  i s   c a r r i e d   p a s t   t h e  

r o l l e r   361  to   a l l o w   t h e   r o l l e r   361  to   be  u r g e d  

i n w a r d l y   a g a i n s t   t h e   cam  drum  302  by  t h e   s p r i n g   3 7 1  

( F i g u r e   2 0 ) .   T h i s   p u l l s   t h e   w e l d   pad  218  d o w n w a r d l y  

t o w a r d   t h e   l o w e r e d   p o s i t i o n .   The  we ld   pad  r e a c h e s  

t h e   l o w e r m o s t   p o s i t i o n   a f t e r   t h e   c o n t r o l   cam  drum  3 0 2  

has   r o t a t e d   330  d e g r e e s   f rom  t h e   r e f e r e n c e   p o s i t i o n .  

When  t h e   w e l d   pad   218  i s   b e g i n n i n g   to   m o v e  

to  t h e   l o w e r e d   p o s i t i o n ,   a t   315  d e g r e e s   of  f u l l   cam 

s h a f t   r o t a t i o n ,   t h e   a n v i l   204  b e g i n s   to   move  f u r t h e r  

a b o v e   t he   s t r a p   g u i d e   s u r f a c e   224 .   S p e c i f i c a l l y ,   c am 
418  b e g i n s   to   e n g a g e   r o l l e r   416  and  p u s h   i t  



o u t w a r d l y .   T h i s   c a u s e s   t he   a n v i l   l i f t   cam  406  t o  

p i v o t   u p w a r d l y   and  p u s h   t h e   a n v i l   s h a f t   4 0 0  

u p w a r d l y .   T h i s   c a r r i e s   t he   a n v i l   204  u p w a r d l y  

( f u r t h e r   c o m p r e s s i n g   t h e   s h a f t   s p r i n g   420)  to   p r o v i d e  

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

p a c k a g e .   The  a n v i l   r e a c h e s   i t s   maximum  e l e v a t i o n  

when  t h e   cam  s h a f t   304  has   r o t a t e d   330  d e g r e e s   f r o m  

t h e   r e f e r e n c e   p o s i t i o n .  

At  330  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e  

f e e d   pad  205  b e g i n s   to  d e s c e n d .   To  t h i s   e n d ,   t he   c a m  

380  e n g a g e s   t h e   r o l l e r   367  on  t he   f e e d   pad  a c t u a t i n g  

arm  363  to   p i v o t   t h e   arm  ( c o u n t e r c l o c k w i s e   as  v i e w e d  

in  F i g u r e   28)  t o   move  t he   f e e d   pad  205  d o w n w a r d l y .  

At  350  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e   f e e d   p a d  

205  has   b e e n   moved  to   i t s   d o w n w a r d m o s t   p o s i t i o n .  

At  345  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e  

s w i t c h   342  i s   a c t u a t e d   b y _ c o n t r o l   s w i t c h   cam  3 3 2  

( F i g u r e s   20  and  21)  to   d e - e n e r g i z e   t he   cam  d r i v e  

m o t o r   254 .   The  m o t o r   254  c o a s t s   to  a  s t o p   w i t h   t h e  

cam  s h a f t   304  a t   360  d e g r e e s   of  f u l l   r o t a t i o n   ( i . e . ,  

b a c k   to   t h e   i n i t i a l   r e f e r e n c e   p o s i t i o n ) .   At  t h i s  

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

r e m o v e d .   H o w e v e r ,   t h e   p a c k a g e   may  be  r e m o v e d   a n y t i m e  

a f t e r   t h e   a n v i l   i s   r a i s e d   to   i t s   maximum  e l e v a t i o n  

(330  d e g r e e s   of  cam  s h a f t   r o t a t i o n ) .  

When  t h e   s t r a p p e d   p a c k a g e   i s   r e m o v e d   f r o m  

t h e   t a b l e   of  t h e   s t r a p p i n g   a p p a r a t u s   1 5 0 ,   t he   c y c l e  
s w i t c h   c o v e r   158  ( F i g u r e   7A)  i s   p e r m i t t e d   to   b e  

b i a s e d   o u t w a r d l y   to   i t s   n o r m a l   p o s i t i o n   by  t he   c y c l e  
s w i t c h   (SW  F i g u r e   18)  a n d / o r   s u i t a b l e   b i a s   means   a s  
t h e   i n t e r n a l l y   b i a s e d   c y c l e   s w i t c h   r e s e t s .  

The  r e s e t t i n g   of  t h e   c y c l e   s w i t c h   r e - s t a r t s  

t h e   cam  d r i v e   m o t o r   254 .   T h i s   o c c u r s   w i t h   t he   cam 
s h a f t   at   t h e   r e f e r e n c e   p o s i t i o n   (0  d e g r e e s   of  f u l l  

cam  s h a f t   r o t a t i o n ) .   At  15  d e g r e e s   of  cam  s h a f t  



r o t a t i o n ,   t h e   s w i t c h   343  i s   a c t u a t e d   by  s w i t c h   c a m  

333  ( F i g u r e   20)  to   e n e r g i z e   t h e   s t r a p   f e e d i n g   a n d  

t e n s i o n i n g   m o t o r   250  in  t h e   s t r a p   f e e d i n g   d i r e c t i o n .  

The  s t r a p   f e e d i n g   and  t e n s i o n i n g   m o t o r   250  i s  

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

o f f - d e l a y   t i m e r   ( n o t   i l l u s t r a t e d ) ,   w h i c h   c o n t a c t s   a r e  
c l o s e d   t h r o u g h   a  s u i t a b l e   r e l a y   when  s w i t c h   343  i s  

a c t u a t e d   by  t h e   cam  333 .   As  e x p l a i n e d   h e r e i n a f t e r   i n  

d e t a i l ,   t h e   t i m e r   l a t e r   o p e r a t e s   to  d e - e n e r g i z e   t h e  

m o t o r   250  a t   t he   d e s i r e d   t i m e .  

When  t h e   m o t o r   250  i s   e n e r g i z e d   a s  

e x p l a i n e d   a b o v e ,   t h e   f e e d   w h e e l s   274  and  276  r o t a t e  

in   t h e   d i r e c t i o n s   to   f e e d   the   s t r a p   S  f o r w a r d   i n t o  

t h e   a p p a r a t u s   as  i l l u s t r a t e d   in   F i g u r e   9 .  

S p e c i f i c a l l y ,   w i t h   r e f e r e n c e   to   F i g u r e   21,   f e e d   w h e e l  

274  i s   r o t a t e d   in   t h e   c l o c k w i s e   d i r e c t i o n   a s  

i n d i c a t e d   by  a r r o w   490  w h i l e   f e e d   w h e e l   276  i s  

r o t a t e d   in   t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n   a s  
i n d i c a t e d   by  a r r o w   492 .   I t   i s   to  be  r e a l i z e d   t h a t   a t  

t h i s   s t e p   in  t h e   s e q u e n c e ,   t h e   p i v o t a l l y   m o u n t e d  

p l a t e   280 ,   w h i c h   c a r r i e s   t he   f e e d   w h e e l   276  and  i t s  

g e a r   2 8 4 ,   i s   b i a s e d   ( to   t h e   r i g h t   as  v i e w e d   i n  

F i g u r e s   21  and  23)  by  a  s u i t a b l e   s p r i n g   ( n o t  

i l l u s t r a t e d )   a g a i n s t   t h e   s t r a p   S  and  t h e   a d j a c e n t  
f e e d   w h e e l   2 7 4 .  

At  32  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

c o n t r o l   cam  380  has   p a s s e d   t h e   r o l l e r   367  on  t h e   f e e d  

pad  a c t u a t i n g   arm  363 ,   to   a l l o w   t he   s p r i n g   375  t o  

r o t a t e   t h e   arm  363  in   t h e   c l o c k w i s e   d i r e c t i o n   a s  
v i e w e d   in   F i g u r e   28,  t o   r a i s e   t he   f e e d   pad  2 0 5 .  

S i m u l t a n e o u s l y ,   t h e   c o n t r o l   cam  300  e n g a g e s   t h e  

r o l l e r   296  on  arm  290  a t t a c h e d   to   t h e   p i v o t a l l y  

n o u n t e d   f e e d   w h e e l   s u p p o r t   p l a t e   280 .   T h i s   p i v o t s  

p l a t e   280  ( to   t h e   l e f t   as  v i e w e d   in   F i g u r e   23)  t o  

s e p a r a t e   t h e   f e e d   w h e e l   276  f rom  t h e   f e e d   w h e e l   2 7 4 ,  



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

250  c o n t i n u e s   to   r u n ,   h o w e v e r .  

Downward   m o v e m e n t   of  t h e   a n v i l   204  i s   a l s o  

i n i t i a t e d   a t   32  d e g r e e s   of  cam  s h a f t   r o t a t i o n .  

S p e c i f i c a l l y ,   c o n t r o l   cam  418  p a s s e s   t h e   r o l l e r   4 1 6  

on  t h e   a n v i l   l i f t   cam  406 .   T h i s   p e r m i t s   t he   a n v i l  

s h a f t   4 0 0 ,   u n d e r   t h e   i n f l u e n c e   of  t h e   s p r i n g   420 ,   t o  

move  d o w n w a r d l y .   The  r o l l e r   416  on  a n v i l   l i f t   c a m  

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

302  by  t h e   s p r i n g   420.   At  34  d e g r e e s   of  cam  s h a f t  

r o t a t i o n ,   t h e   a n v i l   204  has   b e e n   r e t u r n e d   to   t h e  

d o w n w a r d m o s t   p o s i t i o n .  

At  35  d e g r e e s   o f ' c a m   s h a f t   r o t a t i o n ,   f e e d  

w h e e l   276  has   b e e n   moved   to   i t s   f u r t h e s t   p o s i t i o n  

away  f r o m   f e e d   w h e e l   2 7 4 .  

At  44  d e g r e e s   o f  c a m   r o t a t i o n ,   t he   f e e d   p a d  

205  has   b e e n   r a i s e d   to   t h e   maximum  e l e v a t i o n   a s  

i l l u s t r a t e d   in   F i g u r e   1 0 .  

At  44  d e g r e e s   of  r o t a t i o n   of  c o n t r o l   c a m  

drum  302  f rom  t h e   r e f e r e n c e   p o s i t i o n ,   cam  4 8 0  

( F i g u r e s   24  and  27)  on  t h e   end  f a c e   of  c o n t r o l   c am 

drum  302  e n g a g e s   pawl   470 .   By  79  d e g r e e s   of  c a m  

s h a f t   r o t a t i o n ,   t h e   p a w l   470  has   b e e n   moved  to   t h e  

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

l i n e s   in   F i g u r e   27)  to   a l l o w   t h e   a n v i l   s h a f t   400  t o  

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

t h e   r o c k e r   member   4 5 0 .  

A l s o   a t   79  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

cam  462  on  t h e   end  f a c e   of  c o n t r o l   cam  drum  3 0 2  

e n g a g e s   l ug   460  on  t he   t o p   r o c k e r   g u i d e   456  t o   r o t a t e  

t h e   a n v i l   s h a f t   400  and  t h e   a n v i l   204  m o u n t e d   t h e r e o n  

so  as  t o  m o v e   t h e   s t r a p   f r e e   end  o f f   of  t h e   e l e v a t e d  

f e e d   pad  205  and  o n t o   the   c a v i t y   g u i d e   s u r f a c e   224  a s  

i l l u s t r a t e d   in   F i g u r e s   10  and  11.  F i g u r e   10  s h o w s  

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



t he   a n v i l   204  i s   in   i t s   d o w n w a r d m o s t   p o s i t i o n   and  t h e  

f e e d   pad   205  i s   in   t he   e l e v a t e d   p o s i t i o n   w i t h   t h e  

f r e e   end  of  t h e   s t r a p   l y i n g   on  t h e   f e e d   pad  205 .   I n  

F i g u r e   11 ,   t h e   a n v i l   204  has   b e e n   r o t a t e d   (by  t h e  

c o n t r o l   cam  462  a c t i n g   on  t h e   b o t t o m   r o c k e r   g u i d e   4 6 4  

to   r o t a t e   t he   a n v i l   s h a f t   and  a n v i l )   so  as  to  b r i n g  

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

2 2 4 .  

A d d i t i o n a l l y ,   a t   79  d e g r e e s   of  cam  s h a f t  

r o t a t i o n ,   s w i t c h   cam  331  a c t u a t e s   s w i t c h   341  ( F i g u r e  

20)  to   e n e r g i z e   t h e   a n v i l   r o t a t i n g   a n d  o s c i l l a t i n g  

m o t o r   252 .   The  e c c e n t r i c   s h a f t   444  ( F i g u r e   24)  i s  

t h u s   r o t a t e d   w i t h i n   t he   r o c k e r   member  450 .   As  

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

member   450  by  t he   e c c e n t r i c   s h a f t   444  i n t e r m i t t e n t l y  

d r i v e s ,   t h r o u g h   t h e   r o c k e r   member  c l u t c h ,   t h e   s h a f t  

400  ( in   a  c l o c k w i s e   d i r e c t i o n   as  v i e w e d   in   F i g u r e   2 4 )  

to   r o t a t e   t h e   a n v i l   204  a r o u n d   the   c a v i t y   g u i d e  

s u r f a c e   2 2 4  a s   i l l u s t r a t e d   in   F i g u r e s   1 2 - 1 6 .   S i n c e  

t he   s t r a p   f e e d   w h e e l   276  i s   b e i n g   h e l d   s p a c e d   a w a y  
f rom  t h e   f e e d   w h e e l   274 ,   t h e   s t r a p   may  be  p u l l e d   a s  

n e c e s s a r y   by  t h e   a n v i l   204  t h r o u g h   t he   a p p a r a t u s ,  

f rom  t h e   s t r a p   r e e l   162  w h i l e   f o r m i n g   t h e   p r i m a r y  

s t r a p   l o o p   i l l u s t r a t e d   in   F i g u r e   1 6 .  

At  95  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   s w i t c h  

cam  331  has   p a s s e d   s w i t c h   341  w h i c h   t h e n   r e s e t s   t o  

d e - e n e r g i z e   t h e   a n v i l   r o t a t i n g   m o t o r   252 .   The  s t r a p  

i s   r e s t r a i n e d   by  t h e   a n v i l   204  w h i c h   p a r t i a l l y  

o v e r h a n g s   t h e   f r o n t   f a c e   230  ( F i g u r e   7 B ) .  

At  95  d e g r e e s   of   cam  s h a f t   r o t a t i o n ,   t h e  

cam  380  on  t h e   c o n t r o l   cam  drum  302  b e g i n s   to  e n g a g e  
t h e   f e e d   pad  a c t u a t i o n   arm  r o l l e r   367  to   p i v o t   t h e  

arm  363  ( c o u n t e r c l o c k w i s e   as  v i e w e d   in   F i g u r e   28)  t o  

move  t h e   f e e d   pad  205  t o w a r d   t h e   l o w e r e d   p o s i t i o n .  

B e t w e e n   79  and  95  d e g r e e s   of  cam  s h a f t  

r o t a t i o n ,   t h e   c o n t r o l   cam  480  on  t h e   end  of  c o n t r o l  



cam  drum  302  moves   p a s t   and  c l e a r s   t h e   pawl   4 7 0  

( F i g u r e   2 7 ) ,   t h u s   p e r m i t t i n g   t he   pawl   r e t u r n   s p r i n g  

478  to  u r g e   t h e   pawl   470  a g a i n s t   t he   c i r c u m f e r e n c e   o f  

t h e   b o t t o m   r o c k e r   g u i d e   464 .   H o w e v e r ,   s i n c e   t h e  

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

to   c a r r y   t h e   n o t c h   468  p a s t   t he   pawl   470 ,   t h e   p a w l  

d o e s   n o t   e n g a g e   t h e   b o t t o m   r o c k e r   g u i d e   n o t c h   4 6 8  

u n t i l   t h e   a n v i l   204  has   b e e n   r o t a t e d   a l l   the   w a y  
a r o u n d   to   t h e   p o s i t i o n   i l l u s t r a t e d   in   F i g u r e   1 6  

c o r r e s p o n d i n g   to   95  d e g r e e s   cam  s h a f t   r o t a t i o n .  

At  104  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

c o n t r o l   cam  300  i s   p o s i t i o n e d   s u c h   t h a t   t h e   r o l l e r  

296  on  arm  290  b e g i n s   to   move  i n w a r d l y   t o w a r d s   t h e  

c o n t r o l   cam  drum  302  t h u s   p e r m i t t i n g   t h e   f e e d   w h e e l  

276  t o   move  i n w a r d l y   ( u n d e r  t h e   i n f l u e n c e   of  a  

s u i t a b l e   s p r i n g ,   no t   i l l u s t r a t e d )   t o w a r d   the   f e e d  

w h e e l   274  to  p r e s s   t h e   s t r a p   S  t h e r e b e t w e e n .   At  1 1 2  

d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t he   f e e d   w h e e l   276  h a s  

c o m p l e t e d   i t s   m o v e m e n t   a g a i n s t   t h e   f e e d   w h e e l   274  i n  

p r e p a r a t i o n   f o r   f r i c t i o n a l l y   e n g a g i n g   t h e   s t r a p   S  t o  

f e e d   t h e   s t r a p   f o r w a r d   to  e x p a n d   the   l o o p .  

A l s o ,   a t   112  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

t h e   c o n t r o l   cam  380  has   f u l l y   e n g a g e d   r o l l e r   367  t o  

r o t a t e   arm  363  to   move  t h e   f e e d   pad  205  to  t h e  

l o w e r m o s t   p o s i t i o n .  

The  m o t o r   250  i s   s t i l l   e n e r g i z e d   a n d  

r o t a t i n g   t h e   f e e d   w h e e l   274  in   t h e   s t r a p   f e e d i n g  

d i r e c t i o n .   C o n s e q u e n t l y ,   when  t he   f e e d   w h e e l   276  i s  

moved  b a c k   a g a i n s t   f e e d   w h e e l   274  w i t h   t h e   s t r a p   S 

t h e r e b e t w e e n ,   t h e   s t r a p   S  i s   i m m e d i a t e l y   f ed   f o r w a r d  

t h r o u g h   t h e   a p p a r a t u s   to   e x p a n d   t h e   l o o p .   At  t h i s  

p o i n t ,   t h e   a n v i l   204  i s   s t i l l   p o s i t i o n e d   to  h o l d   t h e  

o v e r l a p p i n g   s t r a p   f r e e   end  on  t he   g u i d e   s u r f a c e   224  

as  i l l u s t r a t e d   in   F i g u r e   1 6 .  

The  s t r a p   f e e d i n g   m o t o r   250  c o n t i n u e s   t o  



run   to   f e e d   t h e   s t r a p   to   e n l a r g e   t h e   l o o p   f o r   a  

p r e d e t e r m i n e d   l e n g t h   of  t i m e   so  as  to   p r o v i d e   a n  

e n l a r g e d   l o o p   of  t h e   d e s i r e d   s i z e .   T h i s   i s  

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

t i m e r   ( n o t   i l l u s t r a t e d )   w h i c h   i s   s u i t a b l y   c o n n e c t e d  

in   t h e   c o n t r o l   c i r c u i t   f o r   m o t o r   2 5 0 .  

I t   i s   to  be  r e c a l l e d   t h a t   t h e   o f f - d e l a y  

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

m o t o r   250 .   The  t i m e r   c o n t a c t   c l o s u r e   was  e f f e c t e d  

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

t he   s w i t c h   343  by  t h e   cam  333  a t   15  d e g r e e s   of  c am 

s h a f t   r o t a t i o n .   Now,  a f t e r   t h e   f o r m a t i o n   of  t h e   n e w  

p r i m a r y   s t r a y   l o o p ,   t h e   m o t o r   250  c o n t i n u e s   to   run  t o  

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

to   r o t a t e .  

At  134  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,   t h e  

cam  333  has   p a s s e d   t h e   s w i t c h   343  w h i c h   t h e n   r e s e t s .  

R e s e t t i n g   of  t he   s w i t c h   343  a l s o   i n i t i a t e s   t he   t i m i n g  

s e q u e n c e   of  t h e   o f f - d e l a y   t i m e r .   The  t i m i n g   s e q u e n c e  
c o n t i n u e s   to   m a i n t a i n   t he   t i m e r   c o n t a c t s   in  t he   m o t o r  

c i r c u i t   c l o s e d   f o r   a  p r e - s e t   t i m e   p e r i o d .   T h u s ,   t h e  

e n e r g i z a t i o n   of  t h e   m o t o r   250  c o n t i n u e s   and  t h e   s t r a p  

l o o p   i s   f u r t h e r   e n l a r g e d .   At  t h e   end  of   t h e   p r e - s e t  

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

d e - e n e r g i z e   t h e   m o t o r   250  and  t h u s   t e r m i n a t e   t h e  

e x p a n s i o n   of  t h e   s t r a p   l o o p   a t   t h e   d e s i r e d   s i z e .  

A l s o   a t   134  d e g r e e s   of  cam  s h a f t   r o t a t i o n ,  

s w i t c h   cam  332  moves   p a s t   s w i t c h   342  t h u s   r e s e t t i n g  

s w i t c h   342  and  d e - e n e r g i z e s   t h e   cam  d r i v e   m o t o r   2 5 4 .  

The  cam  d r i v e   m o t o r   254  c o a s t s   to  a  s t o p   a t   1 5 0  

d e g r e e s   of  cam  s h a f t   r o t a t i o n .   At  t h i s   p o i n t ,   t h e  

cam  s h a f t   3 0 4 ,   and  t h e   s w i t c h   cam  drum  322  and  t h e  

c o n t r o l   cam  drum  302  c a r r i e d   t h e r e o n ,   a r e   a t   t h e   home  

p o s i t i o n .   The  e n l a r g e d   s t r a p   l o o p   i s   r e a d y   t o  

r e c e i v e   a  new  p a c k a g e   and  t he   a p p a r a t u s   has   t h e  



a p p e a r a n c e   as  i l l u s t r a t e d   in   F i g u r e   7A.  In  t h i s  

s t a t e ,   t h e   m a c h i n e   i s   now  r e a d y   to   b e g i n   t he   n e x t  

s t r a p p i n g   c y c l e   by  i n s e r t i o n   of  t h e   n e x t   p a c k a g e   i n t o  

t h e   l o o p   and  a g a i n s t   t he   c y c l e   s w i t c h   (as  i l l u s t r a t e d  

in  F i g u r e s   17  and  1 8 ) .  

From  t he   f o r e g o i n g ,   i t   w i l l   be  o b s e r v e d  

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

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

s c o p e   of  t h e   n o v e l   c o n c e p t   of  t h e   i n v e n t i o n .   I t   i s  

to   be  u n d e r s t o o d   t h a t   no  l i m i t a t i o n   w i t h   r e s p e c t   t o  

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

is   i n t e n d e d   or  s h o u l d   be  i n f e r r e d .   I t   i s ,   of  c o u r s e ,  
i n t e n d e d   to   c o v e r   by  t h e   a p p e n d e d   c l a i m s   a l l   s u c h  

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

c l a i m s .  



1.  A  m e t h o d   of   f o r m i n g   a  s t r a p   l o o p   a n d  

s e c u r i n g   i t   a b o u t   an  a r t i c l e   c o m p r i s i n g :  

(a)  p r e s s i n g  a  p o r t i o n   of   t h e   s t r a p   S 

a g a i n s t   a  g u i d e   s u r f a c e   ( 1 0 0 ) ;  

-  (b)  m o v i n g   s a i d   p r e s s e d   s t r a p   p o r t i o n   i n  

a  p a t h , w h i l e   p r e s s e d   a g a i n s t   s a i d   g u i d e   s u r f a c e   ( 1 0 0 )  

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

s t r a p ( S ) t o   e x p a n d   t h e   l o o p   to   a  p r e d e t e r m i n e d   s i z e ;  

(c)  e f f e c t i n g   r e l a t i v e   m o v e m e n t   b e t w e e n  

s a i d   a r t i c e l   and  t h e   e x p a n d e d   l o o p   to   l o c a t e   t h e   e x -  

p a n d e d  l o o p   (LF)  a b o u t   s a i d   a r t i c l e ;   a n d  

(d)  j o i n i n g   a d j a c e n t   o v e r l a p p e d   p o r t i o n s  

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

2.  The  m e t h o d   in   a c c o r d a n c e   w i t h   c l a i m   1  i n  

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

p r i m a r y   s t r a p   l o o p   (Lp)  and  t h e   s u b s e q u e n t   s t e p   of  r e -  

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

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

s t r a p   (S)  to   e x p a n d   t h e   p r i m a r y   l o o p   ( L p ) .  

3.  A  m e t h o d   of  f o r m i n g   a  s t r a p   l o o p   a n d  

s e c u r i n g   i t   a b o u t   a  p a c k a g e   (P)  c o m p r i s i n g :  

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

l e n g t h   of   s t r a p   (S)  h a v i n g   f i r s t   and  s e c o n d   s t r a p  

s u r f a c e s   ( 1 1 0 ,   112)  on  a  g u i d e   s u r f a c e   (100)   w i t h   t h e  

f i r s t   s t r a p   s u r f a c e   (110)   in   s u r f a c e - t o - s u r f a c e   c o n -  

t a c t   w i t h   s a i d   g u i d e   s u r f a c e   ( 1 0 0 ) ;  

(b)  r e s t r a i n i n g   t h e   s t r a p   f r o m   t w i s t i n g ,  

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

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

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

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

w h i l e   p r e s s e d   on  s a i d   g u i d e   s u r f a c e   (100)  to   f o r m   a  

p r i m a r y   s t r a p   l o o p   (Lp)  b e t w e e n   t h e   l e a d i n g   s t r a p  

p o r t i o n   and   t h e   r e s t r a i n e d   t r a i l i n g   s t r a p   p o r t i o n ;  



(d)  r e s t r a i n i n g   t h e   l e a d i n g   s t r a p  

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

l e n g t h   of  s t r a p   to   e x p a n d   t h e   p r i m a r y   s t r a p   l o o p   (Lp)  
to  a  p r e d e t e r m i n e d   l a r g e r   s i z e ;  

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

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

(S)  t o g e t h e r   w i t h   t h e   f i r s t   s u r f a c e   (110)  of  t h e   l e a d -  

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

(112)   of   t h e   o v e r l a p p e d   s t r a p   s e g m e n t ;  

(f)  e f f e c t i n g   r e l a t i v e   m o v e m e n t   b e t w e e n  

s a i d   p a c k a g e   (P)  and  t h e   e x p a n d e d   l o o p   (Lp)  to  l o c a t e  

t h e   e x p a n d e d   l o o p   a b o u t   s a i d   p a c k a g e   (P ) ;   a n d  

(g)  j o i n i n g   s a i d   l e a d i n g   s t r a p   p o r t i o n  

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

4.  A  m e t h o d   of   f o r m i n g   a  s t r a p   l o o p   (S)  a n d  

s e c u r i n g   i t   a b o u t   a  p a c k a g e   (P)  c o m p r i s i n g :  

(a)  p r o v i d i n g   a  g u i d e   s u r f a c e   (100)  and  a  

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

(100)   w i t h   an  end  s e g m e n t   e x t e n d i n g   to   s a i d   g u i d e  

s u r f a c e   ( 1 0 0 ) ;  

(b)  r e s t r a i n i n g   s a i d   s t r a p   end  f r o m  

t w i s t i n g   a l o n g   a  t r a i l i n g   p o r t i o n   of   t h e   s t r a p   (S)  t h a t  

i s   s p a c e d   f r o m   s a i d   s t r a p   end  s e g m e n t ;  

(c)  f o r c i n g   s a i d   s t r a p   end  s e g m e n t   f l a t  

a g a i n s t   s a i d   s u r f a c e ;  

(d)  m o v i n g   s a i d   s t r a p   end  s e g m e n t   w h i l e  

f o r c e d   a g a i n s t   s a i d   g u i d e   s u r f a c e   (100)   to   f o rm  a  

p r i m a r y   s t r a p   l o o p   (Lp)  w h i l e   p e r m i t t i n g   s a i d   p r i m a r y  

s t r a p   l o o p  ( L p )   to   t w i s t   o f f   of   s a i d   g u i d e   s u r f a c e  

( 1 0 0 ) ;  

(e)  t e r m i n a t i n g   t h e   m o v e m e n t   of   s a i d  

s t r a p   end  s e g m e n t   a f t e r   s a i d   p r i m a r y   s t r a p   l o o p   (Lp)  
has   b e e n   f o r m e d   and  c o n t i n u i n g   to   f o r c e   s a i d   s t r a p   e n d  

s e g m e n t   a g a i n s t   s a i d   g u i d e   s u r f a c e   (100)  w h i l e   f e e d i n g  

t h e   s t r a p   (S)  to   e x p a n d   t h e   l o o p   to   a  p r e d e t e r m i n e d  

l a r g e r   s i z e ;  



(f)  e f f e c t i n g   r e l a t i v e   m o v e m e n t   b e t w e e n  

s a i d   p a c k a g e   (P)  and  t h e   e x p a n d e d   l o o p   (LF)  to   l o c a t e  

t h e   e x p a n d e d   l o o p   (LF)  a b o u t   s a i d   p a c k a g e   ( P ) ;   a n d  

(g)  j o i n i n g   a t   l e a s t   p a r t   of   s a i d   s t r a p  

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

l o o p .  

5.  A  m e t h o d   of   f o r m i n g   a  s t r a p   l o o p   a n d  

s e c u r i n g   i t   a b o u t   a  p a c k a g e   c o m p r i s i n g :  

(a)  p r o v i d i n g   a  l e n g t h   of   s t r a p  ( S )  

h a v i n g   a  t o p   s u r f a c e   ( 1 1 0 ) ,   a  b o t t o m   s u r f a c e   ( 1 1 2 ) ,   a n d  

a  f r e e   e n d ;  

(b)  p r o v i d i n g   a  s t r a p   g u i d e   s u r f a c e   ( 1 0 0 )  

and  f e e d i n g   s a i d   s t r a p   (S)  b e l o w   t h e   s t r a p   g u i d e   s u r -  

f a c e   ( 1 0 0 ) ;  

(c)  f o r c i n g   a  p o r t i o n   of  t h e   s t r a p   (S)  

a d j a c e n t   s a i d   f r e e   end  u p w a r d l y   to   a t   l e a s t   t h e   l e v e l  

of   s a i d   s t r a p   g u i d e   s u r f a c e   (100)   w i t h   a  l i f t i n g   m e m b e r  

c o n t a c t i n g   t h e   b o t t o m   s u r f a c e   (112)  of   s a i d   s t r a p   ( S ) ;  

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

s t r a p   (S)  w i t h   a  d o w n w a r d l y   b i a s e d ,   r o t a t a b l e   a n v i l  

( 1 0 4 ) ;  

(e)  r o t a t i n g   s a i d   a n v i l   (104)  e n g a g e d  w i t h  

s a i d   s t r a p   (S)  to   move  s a i d   s t r a p   p o r t i o n   f r o m   s a i d  

l i f t i n g   member   o n t o   s a i d   g u i d e   s u r f a c e   (100)  and  i n t o  

a  p r i m a r y   l o o p   c o n f i g u r a t i o n   ( L p ) ;  
(f)  t e r m i n a t i n g   t h e   m o v e m e n t   of  s a i d  

a n v i l   (104)   a f t e r   s a i d   p r i m a r y   l o o p   (Lp)  has   b e e n  

f o r m e d ;  

(g)  c o n t i n u i n g   t o   e n g a g e   s a i d   s t r a p   (S)  

w i t h   s a i d   a n v i l   (104)  t o   r e s t r a i n   t h e   e n g a g e d   p o r t i o n  

of   t h e   s t r a p   (S)  a g a i n s t   s a i d   g u i d e   s u r f a c e   (100)  f r o m  

f u r t h e r   m o v e m e n t   w h i l e   c o n t i n u i n g   to   f e e d   t h e   s t r a p   (S )  

to   e x p a n d   t h e   l o o p   to   a  p r e d e t e r m i n e d   l a r g e r   s i z e ;  

(h)  e f f e c t i n g   r e l a t i v e   m o v e m e n t   b e t w e e n  

s a i d   p a c k a g e   (P)  and  t h e   e x p a n d e d   l o o p   (LF)  to   l o c a t e  

t h e   e x p a n d e d   l o o p   a b o u t   s a i d   p a c k a g e   ( P ) ;  



( i )   t e n s i o n i n g   s a i d   s t r a p   (S)  to   t i g h t e n  

t h e   l o o p   (LF)  a b o u t   s a i d   p a c k a g e   ( P ) ;   a n d  

(j)  j o i n i n g   a t   l e a s t   p a r t   of  s a i d   s t r a p  

(S)  p o r t i o n   and  an  a d j a c e n t   o v e r l a p p e d   p o r t i o n   of  t h e  

l o o p .  

6.  An  a p p a r a t u s   f o r   f o r m i n g   and  s e c u r i n g   a  

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

a  s u r f a c e   (224)   f o r   r e c e i v i n g   a  s t r a p   (S)  t o  

be  moved  t h e r e o n ;  

m e a n s   (205)   f o r   p r e s s i n g   a  p o r t i o n   of  t h e  

s t r a p   (S)  f l a t   a g a i n s t   t h e   s u r f a c e   ( 2 2 4 ) ;  

m e a n s   (204)   f o r   m o v i n g   s a i d   p r e s s i n g   means   t o  

move  s a i d   p r e s s e d   s t r a p   p o r t i o n   in   a  p a t h   w i t h   t h e  

s t r a p   p o r t i o n   p r e s s e d   a g a i n s t   s a i d   s u r f a c e   (224)  t o  

f o r m   a  p r i m a r y   s t r a p   l o o p   (Lp)  w i t h   a  l e a d i n g   s t r a p  

p o r t i o n   a d j a c e n t   a  t r a i l i n g   p o r t i o n   of   t h e   s t r a p   ( S ) ;  

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

t h e   s t r a p   (S)  to   e x p a n d   t h e   p r i m a r y   l o o p   (Lp)  to   a  

p r e d e t e r m i n e d   l a r g e r   s i z e ;   a n d  

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

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

a r t i c l e   p l a c e d   in   s a i d   l a r g e r   l o o p   ( L F ) .  
7.  The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   c l a i m   6 

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

(204)   a d a p t e d   to   p r e s s   s a i d   p r e s s e d   s t r a p   p o r t i o n  

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

8.  The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   c l a i m   7 

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

a l o n g   w h i c h   s a i d   s t r a p   (S)  i s   p r e s s e d   and  m o v e d .  

9.  An  a p p a r a t u s   f o r   f e e d i n g   and  s e c u r i n g   a  

s t r a p   l o o p   a b o u t   a  p a c k a g e   ( P ) ,   s a i d   a p p a r a t u s   c o m -  

p r i s i n g :  

an  a r t i c l e   r e c e i v i n g   t a b l e   (154)  d e f i n i n g   a  

s t r a p   g u i d e   s u r f a c e   (224)   t h e r e i n ;  

a  f e e d   pad  (205)   a d j a c e n t   s a i d   s t r a p   g u i d e  

s u r f a c e   (224)   m o v a b l e   b e t w e e n   a  l o w e r e d   p o s i t i o n   a n d  

a  p o s i t i o n   r a i s e d   to   a t   l e a s t   t h e   e l e v a t i o n   of   s a i d  

s t r a p   g u i d e   s u r f a c e   ( 2 2 4 ) ;  



m e a n s   ( 2 7 4 ,   276)  f o r   f e e d i n g   a  l e n g t h   of   s t r a p  
(S)  a t   l e a s t   o v e r   s a i d   f e e d   pad   ( 2 0 5 ) ;  

means   ( 3 0 2 ,   363 ,   367)  f o r   r a i s i n g   s a i d   f e e d  

pad   (205)  b e n e a t h   s a i d   s t r a p   (S)  to   f o r c e   a  p o r t i o n   o f  

t h e   s t r a p   (S)  u p w a r d l y   to   a t   l e a s t   t h e   e l e v a t i o n   o f  

s a i d   s t r a p   g u i d e   s u r f a c e   ( 2 2 4 ) ;  

a  r o t a t a b l e   a n v i l   (204)  a d a p t e d   to   r o t a t e  

a b o v e   s a i d   g u i d e   s u r f a c e  ( 2 2 4 )   f o r   a t   l e a s t   a  p o r t i o n  

of   one   c o m p l e t e   r e v o l u t i o n ;  

m e a n s   ( 3 0 2 ,   400 ,   406 ,   410 ,   414 ,   416 ,   418)  f o r  

r a i s i n g   s a i d   a n v i l   (204)  a b o v e   s a i d   g u i d e   s u r f a c e   ( 2 2 4 )  

and  f o r   a l s o   b i a s i n g   s a i d   a n v i l   (204)  d o w n w a r d l y   o n t o  

t h e   s t r a p   (S)  s u p p o r t e d   by  s a i d   e l e v a t e d   f e e d   pad   ( 2 0 5 ) ;  

means   ( 2 5 2 ,   438 ,   444 ,   446 ,   450 ,   452 ,   454 ,   4 5 6 ,  

458 ,   460 ,   462)  f o r   r o t a t i n g   s a i d   a n v i l   (204)  a g a i n s t  

s a i d   s t r a p   (S)  to   move  s a i d   s t r a p   (S)  f r o m   s a i d   e l e v a t e d  

f e e d   pad   (205)  o n t o   s a i d   g u i d e   s u r f a c e   (224)   and  i n t o  

a  p r i m a r y   l o o p   c o n f i g u r a t i o n   ( L p ) ;  
c o n t r o l   m e a n s   ( 4 6 8 ,   470)  f o r   t e r m i n a t i n g   t h e  

r o t a t i n g   m o v e m e n t   of   s a i d   a n v i l   (204)  w i t h   a  p o r t i o n   o f  

s a i d   a n v i l   (204)   o v e r h a n g i n g   s a i d   s t r a p   g u i d e   s u r f a c e  

(224)   and  f o r   c o n t r o l l i n g   s a i d   s t r a p   f e e d i n g   m e a n s  

( 2 5 0 ,   2 7 4 ,   276)  t o   e f f e c t   t h e   f u r t h e r   f e e d i n g   of   s a i d  

s t r a p   (S)  t o   e n l a r g e   s a i d   p r i m a r y   l o o p   (Lp)  t o   a  

p r e d e t e r m i n e d   l a r g e r   s i z e   l o o p   (LF)  h a v i n g   a  f i r s t  

p o r t i o n   o f   t h e   s t r a p   (S)  o v e r l y i n g   a  s e c o n d   p o r t i o n   o f  

t h e   s t r a p   ( S ) ;  

a  v e r t i c a l l y   r e c i p r o c a b l e   w e l d   pad  (218)   d i s -  

p o s e d   a d j a c e n t s a i d s t r a p   g u i d e   s u r f a c e   (224)   a n d  

a d a p t e d   t o   be  moved  b e t w e e n   a  l o w e r e d   p o s i t i o n   and  a n  

e l e v a t e d   p o s i t i o n ;  

m e a n s   ( 3 6 1 ,   382)  f o r   m o v i n g   s a i d   w e l d   pad   ( 2 1 8 )  

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

and   s e c o n d   s t r a p   p o r t i o n s   b e t w e e n   s a i d   w e l d   pad   ( 2 1 8 )  

and   t h e   o v e r h a n g i n g   p o r t i o n   of   s a i d   a n v i l   ( 2 0 4 ) ;  



m e a n s   (248)  f o r   s e v e r i n g   t h e   t r a i l i n g   p o r t i o n  

of   t h e   s t r a p   (S)  f rom  t h e   l o o p   (LF) ;   a n d  

m e a n s  ( 4 4 4 ,   450)  f o r   o s c i l l a t i n g   s a i d   a n v i l  

(204)   w i t h   s a i d   s t r a p   p o r t i o n s   p r e s s e d   b e t w e e n   s a i d  

a n v i l   (204)   and  s a i d   w e l d   pad  ( 2 1 8 ) ,   a f t e r   s a i d   a r t i c l e  

(P)  h a s  b e e n   i n s e r t e d   in  s a i d   l a r g e r   l o o p   (LF) ,   t o  

f o r m   a  f r i c t i o n - f u s i o n   w e l d   in  s a i d   l a r g e r   l o o p   ( L F ) .  
10.  The  a p p a r a t u s   in  a c c o r d a n c e   w i t h   c l a i m   9 

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

p o r t i o n   of   t h e   s t r a p ,   a f t e r   t h e   a r t i c l e   has   b e e n   i n -  

s e r t e d   in   s a i d   l a r g e r   l o o p   ( L F ) ,   to   t h e r e b y   t e n s i o n  

t h e   l o o p   a b o u t   t h e   a r t i c l e   ( P ) .  
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