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5j)  Rope  ladder  with  molded  hard  elastomer  steps  and  a  method  for  assembly  of  the  same. 

@  Each  step  (15)  is  a  molded  one-piece  hard  elastomer 
member  having  a  pair  of  rope-receiving  openings,  (33)  the 
upper  outlet  from  which  closely  confines  a  pair  of  ropes 
(13,14)  while  the  bottom  of  the  opening  is  much  wider.  Each 
opening  tapers  inwardly  from  bottom  to  top,  and  each  step 
has  a  pair  of  vertical  bolt  openings  (37,38)  therethrough 
adjacent  each  opening.  A  separate  wedge  collar  (17)  for  each 
opening  (33)  bears  against  the  bottom  of  each  step  and  has  a 
single  through  opening  (54)  at  its  upper  end  the  opening  (54) 
is  the  same  width  as  the  lower  end  (34)  of  the  step's  opening 
(33),  and  it  tapers  inwardly  down  to  an  outlet  (55)  that  closely 
confines  the  two  ropes  (13,14).  Each  wedge  collar  (17)  has  a 
pair  of  vertical  bolt  passages  (57,58)  aligned  with  those  of  the 
step  (15)  to  enable  bolting  the  step  (15)  to  the  collar  (17).  A 
generally  diamond-shaped  wedge  heart  (18)  is  wedged  in 
between  the  two  ropes  (13,14)  of  each  pair,  lying  partly 
inside  the  opening  (33)  through  the  step  (15)  and  partly 
inside  the  opening  through  (54)  the  wedge  collar  (17).  The 
wedge  heart  (18)  has  an  upper  vertex  (63)  a  lower  vertex  (64) 
and  two  rope-engaging  side  grooves,  which  lock  the  pair  of 
ropes  in  place. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   r o p e   l a d d e r   and  t o  

a  n o v e l   s t e p   t h e r e f o r e ,   as  w e l l   as  to   a s s e m b l y   of  t he   l a d d e r  

Rope  l a d d e r s ,   w h i c h   a r e   e s p e c i a l l y   u s e f u l   as  p i l o t ' s  
l a d d e r s   by  w h i c h   a  l o c a l   p i l o t   b o a r d s   or  l e a v e s   a  s h i p ,   h a v e  

h e r e t o f o r e   been   made  w i t h   wooden   or  m e t a l   s t e p s .   The  p r e s e n t  
i n v e n t i o n   i n c o r p o r a t e s   a  m o l d e d   e l a s t o m e r   s t e p   of  h a r d  

r u b b e r - l i k e   m a t e r i a l .  

In  U.S .   P a t e n t  N °   4  177  878,  d a t e d   A u g u s t   14,  1978,  i s  

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

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

w e d g i n g   d e v i c e   i s   u s e d   to  make  t h e   a t t a c h m e n t   s e c u r e .   I n  

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

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

f e r e n t   w e d g i n g   s y s t e m ,   t h e r e b y   g i v i n g   even   s u r e r   and  m o r e  

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

s t e p   i t s e l f .   T h i s   new  w e d g i n g   s y s t e m   more  t i g h t l y   h o l d s   t h e  

r o p e s   even   when  t h e y   a r e   e l o n g a t e d .  

The  b r e a k a g e   and  n o n - u n i f o r m i t y   of  wooden  s t e p s   has  l o n g  

b e e n   a  p r o b l e m ,   and  t h e   use   of  m o l d e d   e l a s t o m e r   g r e a t l y  

r e d u c e s   b r e a k a g e   and  g i v e s   i m p r o v e d   q u a l i t y   c o n t r o l .   A l s o  

t h e   e l a s t o m e r   has   more  r e s i l i e n c e   and  so  b e t t e r   r e c e i v e s  

s t r o n g   i m p a c t s .   I t   w i l l   n o t   f l e x   or  bend   u n d e r   a v e r a g e  
work   l o a d ,   bu t   on  t h e   o t h e r   hand   can  y i e l d   to   v e r y   s t r o n g  

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

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

is   s i m p l e r   to  make  and  to   a s s e m b l e   t h a n   were   p r e v i o u s  

w o o d e n - s t e p   l a d d e r s ,   and  t h e   i n v e n t i o n   l e n d s   i t s e l f   to  a  

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

on  t h e   r o p e   and  s e c u r e s   t h e   r o p e   more  s e c u r e l y   as  a  

r e s u l t .  

The  r o p e   l a d d e r   of  t h i s   i n v e n t i o n   has   a  s e r i e s   o f  

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

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

e d g e s ,   and  each   s t e p   has   two  s p a c e d - a p a r t   v e r t i c a l   t h r o u g h  



o p e n i n g s ,   one  s p a c e d   in   f rom  e a c h   t r a n s v e r s e   e d g e .   T h e s e  

s t e p s   a r e   u s e d   w i t h   two  s p a c e d - a p a r t   p a i r s   of  r o p e s ,   e a c h  

p a i r   of  r o p e s   p a s s i n g   t h r o u g h   one  t h r o u g h   o p e n i n g   of  e a c h  

s t e p .  

Each   s t e p   i s  m o l d e d   f r o m   h a r d   e l a s t o m e r   p o l y m e r  

c o m p o s i t i o n   RIM  ( r e a c t i o n   i n j e c t i o n   m o l d i n g ) .   At  t h e   u p p e r  
end  of  e a c h   r o p e   o p e n i n g   i s   an  i n t e g r a l   w e d g i n g   p o r t i o n  

s u r r o u n d i n g   t h a t   o p e n i n g   on  and  a b o v e   t h e   s t e p ' s   u p p e r  
s u r f a c e .   Each   o p e n i n g ,   a t   i t s   o u t l e t   f rom  t h i s   w e d g i n g  

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

so  t h a t   i t   c l o s e l y   c o n f i n e s   t h e   two  r o p e s .   The  o p e n i n g  

t h e r e   i s   much  w i d e r   t h a t   w h e r e   i t   e m e r g e s   f rom  t h e   l o w e r  

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

to   t o p .   Each   s t e p   a l s o   has   a  p a i r   of  v e r t i c a l   b o l t   o p e n i n g s  

t h e r e t h r o u g h   a d j a c e n t   e a c h   t h r o u g h   o p e n i n g .  

T h e r e   i s   a  p a i r   of  s e p a r a t e   wedge  c o l l a r s   f o r   e a c h  

s t e p ,   one  a t . e a c h   end  of  and  b e l o w   t h e   s t e p   and  b e a r i n g   u p  

a g a i n s t   i t .   Each  wedge   c o l l a r   has   a  s t e p - e n g a g i n g   end  w a l l  

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

t h r o u g h   w h i c h   one  p a i r   of  r o p e s   p a s s e s   and  w h i c h   a t   s a i d  

s t e p - e n g a g i n g   end  i s   a p p r o x i m a t e l y   t h e   same  w i d t h   as  t h e  

o p e n i n g   t h r o u g h   t h e   s t e p   w h e r e   i t   a b u t s   i t .   The  o p e n i n g  

t h r o u g h   t h e   wedge  c o l l a r   t a p e r s   i n w a r d l y   down  to   a  n a r r o w e r  

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

t h e   two  r o p e s   to   p a s s  t h e r e t h r o u g h .   Each  wedge   c o l l a r   h a s  

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

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

A  g e n e r a l l y   d i a m o n d - s h a p e d   wedge  h e a r t   l i e s   in  b e t w e e n  

t h e   r o p e s   of  e a c h   p a i r ,   a  wedge   h e a r t   l y i n g   p a r t l y   in  t h e  

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

a d j a c e n t   o p e n i n g   t h r o u g h   t h e   wedge   c o l l a r .   The  wedge  h e a r t  

has   an  u p p e r   v e r t e x   a d j a c e n t   s a i d   u p p e r   o u t l e t   of  s a i d  

s t e p ' s   o p e n i n g   and  a  l o w e r   v e r t e x   at   i t s   l o w e r   end  a d j a c e n t  

t h e   b o t t o m   of  t h e   o p e n i n g   t h r o u g h   t h e   wedge   c o l l a r .   T h e  

wedge   h e a r t   p r o v i d e s   two  r o p e - e n g a g i n g   s i d e   g r o o v e s   e x t e n -  

d i n g   b e t w e e n   and  e n d i n g   a t   t h e s e   v e r t i c e s ;   t h e s e   g r o o v e s  

a r e   in  t h e   a s s e m b l y   p a r a l l e l   to   t he   o p p o s i t e   w a l l s   of  t h e  

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



t h e s e   r o p e - e n g a g i n g   g r o o v e s ,   when  t h e   wedge  h e a r t   is  f u l l y  

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

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

c o l l a r   and  t h e   wedge   h e a r t .  

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

t h r o u g h   t h e   b o l t   p a s s a g e s   of  t h e   wedge  c o l l a r   and  t h e   b o l t  

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

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

to  t h e   wedge  h e a r t ,   t h e   s t e p ,   and  t he   wedge  c o l l a r .  

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

s l i p   s u r f a c e   and  w i t h   s t r e n g t h e n i n g   s t r u c t u r e .  

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

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

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

As  a  m a t t e r   of  i l l u s t r a t i o n   an  e x a m p l e   of  a  r o p e  

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

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

w h i c h  :  

F i g .   1  i s   a  v i ew   in  f r o n t   e l e v a t i o n   of  a  p o r t i o n   o f  

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

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

F i g .   2  is   a  f r a g m e n t a r y   i s o m e t r i c   v iew  of  one  of  t h e  

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

t h e   a s s e m b l y .  

F i g .   3  i s   a  b o t t o m   p l a n   v i ew   of  one  of  t he   s t e p s ,  

v i e w e d   in  t he   d i r e c t i o n   of  t h e   a r r o w s   3-3  in  F i g .  2 .  

F i g .   4  is   an  e n l a r g e d   i s o m e t r i c   v i ew  of  one  end  of  a  

s t e p ,   w i t h   t he   r e m a i n d e r   of  t h e   s t e p   b r o k e n   o f f   to  c o n s e r v e  

s p a c e .  

F i g .   5  is   an  end  v i e w   t a k e n   a l o n g   t he   l i n e   5-5  i n  

F i g .   4,  a t   a  s l i g h t l y   r e d u c e d   s c a l e .  

F i g .   6  i s   an  i s o m e t r i c   v i ew   of  a  wedge  h e a r t   u s e d  

in  t h e   i n v e n t i o n .  

F i g .   7  i s   an  i s o m e t r i c   v i ew  from  be low  of  one  of  t h e  

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

wedge  h e a r t   to  s e c u r e   t h e   r o p e   in  p l a c e .  

F i g .   8  is   a  t o p   p l a n   v i ew   of  t he   wedge  c o l l a r   o f  

F i g .   7 .  



F i g .   9  i s   an  e n l a r g e d   f r a g m e n t a r y   v i ew   in  s e c t i o n   t a k e n  

a l o n g   t h e   l i n e   9-9  in  F i g .   2,  s h o w i n g   t h e   c o m b i n a t i o n   of  a  

p a i r   of  r o p e s   w i t h   t h e   s t e p   and  i t s   i n t e g r a l   wedge   p o r t i o n  

and  w i t h   a  s e p a r a t e   wedge   c o l l a r   a t   t h e   b o t t o m ,   and  w i t h  

t h e   wedge   h e a r t ,   w h i c h   i s   b r o k e n   away  to   show  t h e   b o t t o m  

of  i t s   g r o o v e   on  one  s i d e   as  w e l l   as  t h e   o u t e r   w a l l   of  i t s  

g r o o v e   on  t h e   o t h e r   s i d e .  

F i g .   10  is   an  e n l a r g e d   f r a g m e n t a r y   v i ew   in  s e c t i o n  

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

F i g .   11  i s   a  f r a g m e n t a r y   to   p l a n   v i e w   of  a p p r o x i -  

m a t e l y   h a l f   of  one  of  t h e   e l o n g a t e d   s t e p s ,  

F i g .   12  i s   a  v i ew  in  f r o n t   e l e v a t i o n   s h o w i n g   a  s t a g e  

in  t h e   a s s e m b l y   of  one  s t e p   w i t h   t h e   r o p e s   and  c o l l a r , t h e  

i n s t a l l i n g   a p p a r a t u s   b e i n g   a t   i t s   b e g i n n i n g   p o s i t i o n ,   n o t  

y e t   t i g h t e n e d .  

F i g .   13  i s   a  s o m e w h a t   e n l a r g e d   v i e w   in  s i d e   e l e v a t i o n  

of  a  p o r t i o n   of  F i g  .   1 2 .  

F i g .   14  i s   a  v iew  s i m i l a r   to   F i g .   12  s h o w i n g   t h e  

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

b r o k e n   o f f   to   c o n s e r v e   s p a c e .  

F i g .   1  shows  a  p o r t i o n   of  a  r o p e   l a d d e r   10  e m b o d y i n g  

t h e   i n v e n t i o n .   The  l a d d e r   10  i s   e s p e c i a l l y   u s e f u l   as  a  

p i l o t ' s   l a d d e r   f o r   b o a r d i n g   and  l e a v i n g   s h i p s   and  c o m p r i s e s  

f o u r   r o p e s   d i s t r i b u t e d   as  two  p a i r s   of  r o p e s   11,  12,  and  1 3 ,  

14,  one  p a i r   a t   e a c h   s i d e   of  t h e   l a d d e r   10.  The  l a d d e r   10  

f u r t h e r   c o m p r i s e s   a  s e r i e s   of  r e g u l a r   s t e p s   15  and,   a t  

i n t e r v a l s   f o r   e x a m p l e   as  u s u a l l y   p r e s c r i b e d   by  t h e   U n i t e d  

S t a t e s   C o a s t   G u a r d ,   a  s e r i e s   of  e l o n g a t e d   s t e p s   16,  w h i c h  

e x t e n d   ou t   w e l l   b e y o n d   t h e   r o p e   p a i r s   11 ,12   and  1 3 , 1 4 ,   a n d  

h e l p   to   keep   t h e   l a d d e r   10  f rom  t u r n i n g   or  t w i s t i n g   r e l a t i v e  

to  t h e   s i d e   of  a  s h i p .   In  a d d i t i o n ,   t h e   i n v e n t i o n   c o m p r i s e s  

two  wedge   c o l l a r s   17  and  two  wedge   h e a r t s   18  f o r   e a c h   s t e p  
15  or   1 6 .  

The  s t e p   15,  as  shown  in  F i g s .   2  t h r o u g h   5,  9,  and  1 0 ,  

i s   a  u n i t a r y   o n e - p i e c e   m o l d e d   member   made  f rom  a  s u i t a b l e  

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

I t   has   some  f l e x i b i l i t y   b u t   i s   no t   r e a d i l y   b e n t   or  f l e x e d  



by  h a n d .   The  s t e p   15  has   an  u p p e r   t r e a d   s u r f a c e   20  w h i c h   i s  

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

t h e r e o n .   The  s t e p   15  a l s o   has   a  l o w e r   s u r f a c e   21  w h i c h  

p r e f e r a b l y   i n c l u d e s   a  p a i r   of  s t r e n g t h e n i n g   r i b s   22  and  2 3 .  

The  s t e p   15  has   v e r t i c a l   f r o n t   and  r e a r   e d g e s   24,  25  a n d  

e d g e s   26  and  2 7 .  

M o r e o v e r ,   t h e   s t e p   15  has  n e a r   or   a t   e a c h   e n d  2 6 , 2 7  

an  i n t e g r a l ,   u p w a r d l y   e x t e n d i n g ,   r o p e - e n g a g i n g   p o r t i o n  

3 0 , 3 1   w h i c h  i s   m o l d e d   o u t   w i t h   t h e   s t e p   15  of  t h e   s a m e  

e l a s t o m e r   and  a t   t h e   same  t i m e ,   so  t h a t   t h e   p o r t i o n s   30  a n d  

31  a r e   s i m p l y   p a r t s   of  t h e   s t e p   15.  Down  t h r o u g h   e a c h  

p o r t i o n   3 0 , 3 1   i s   a  t h r o u g h   o p e n i n g   32  or  33.  A long   t h e   l o w e r  

s u r f a c e   21  and  a t   e a c h   end  of  t h e   s t e p   15  i s   an  e n t r y  

o p e n i n g   34  f o r   e a c h   t h r o u g h   o p e n i n g   3 2 , 3 3 .   T h i s   e n t r y   34  i s  

w ide   and  c o o p e r a t e s   w i t h   t h e   wedge  h e a r t   18  in  a  m a n n e r   a s  

w i l l   be  s e e n   l a t e r .   At  t h e   u p p e r   end  of   e a c h   p o r t i o n   3 0 , 3 1  

i s   an  o u t l e t   35  f rom  t h e   o p e n i n g   32,  33  w h i c h   is   n a r r o w ,  

p r e f e r a b l y   b a r e l y   w ide   e n o u g h   f o r   t h e   two  r o p e s   1 1 , 1 2   o r  

1 3 , 1 4   to   p a s s   o u t ,   so  t h a t   t h e y   a re   f a i r l y   snug   t h e r e .   T h e  

i n s i d e   s u r f a c e   36  in  b e t w e e n   the   e n t r y   34  and  o u t l e t   35  i s  

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

r o u n d   r o p e s .  

In  a d d i t i o n   to  t h e   v e r t i c a l   t h r o u g h   o p e n i n g s   3 2 , 3 3 ,  

e a c h   end  of  e a c h  s t e p   15 has  a  p a i r   of  v e r t i c a l   b o l t  

o p e n i n g s   37,  38  e x t e n d i n g   down  t h r o u g h   t h e   p o r t i o n   3 0 , 3 1  

and  t h r o u g h   t h e   e n t i r e   s t e p .   At  t h e   t o p ,   r e c e s s e s   39  ( S e e  

F i g .   4)  a r e   p r o v i d e d   to  h e l p   r e c e i v e   a  b o l t   40  and  to   p r o v i d e  

a  b e a r i n g   s u r f a c e   41  f o r   i t s   head   42  (See  F i g .   9 ) .  

As  shown  in  F i g .   10,  t he   n o n - s k i d   a s p e c t   of  t h e   u p p e r  

s u r f a c e   20  may  be  e n h a n c e d   by  f i r s t   s p r a y i n g   a  s u i t a b l e  

p a i n t   43  of  a  t y p e   w h i c h   w i l l   a d h e r e   to   t h a t   s u r f a c e ,   t h e n  

a d d i n g   to  i t   g r i t   44  and  t h e n   c o a t i n g   w i t h   p a i n t   45  a g a i n  

so  as  to   bond   t h e   g r i t   44  to  the   p a i n t   4 3 , 4 5   and  t h r o u g h  

i t   to  t h e   s t e p   1 5 .  

The  e l o n g a t e d   s t e p s   16  a r e   l i k e   t h e   s t e p s   15  e x c e p t  

t h a t   t h e y   have   o u t w a r d   o u t b o a r d   p o r t i o n s   46  and  47  w h i c h  

may  c o m p r i s e   h a r d   r u b b e r   r ims   48  w i t h   o p e n i n g s   49  t h e r e -  

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



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

A  wedge  c o l l a r   17  i s   shown  in  F i g s .   7  and  8  as  w e l l  

as  in   F i g ;   9,  and  c o m p r i s e s   a  m e t a l   member   b a s i c a l l y   l i k e  

t h a t   d i s c l o s e d   in  t h e   p r e v i o u s   a p p l i c a t i o n   S e r i a l   N o .  

933  645,  f i l e d   A u g u s t   14,  1978 .   Each  w e d g e   c o l l a r   17  h a s  

an  u p p e r   s u r f a c e   50  and  a  l o w e r   s u r f a c e   51  and  a  t h r o u g h  

o p e n i n g   52  w h i c h   i s   g e n e r a l l y   l i k e   t h e   o p e n i n g s   3 2 , 3 3 ,   b u t  

i n v e r t e d ,   w i t h   a  w i d e   o p e n i n g   54  a t   t h e   t o p   50  to   a  n a r r o w e r  

o p e n i n g   55  a t   t h e   b o t t o m   51  and  a  t a p e r e d   as  w e l l   as  c u r v e d  

s u r f a c e   56  in  b e t w e e n .   The  wide   o p e n i n g   54  i s   p r e f e r a b l y  

e x a c t l y   t h e   same  in  d i m e n s i o n   as  t h e   e n t r y   o p e n i n g   34  of  t h e  

s t e p   s i n c e   i t   w i l l   ma te   a g a i n s t   i t .   The  wedge   c o l l a r   17  a l s o  

has   b o l t   o p e n i n g s   5 7 , 5 8   t h r o u g h   w h i c h   t h e   b o l t   o p e n i n g s   3 7 ,  

38  a l i g n   and  t h r o u g h   w h i c h   t h e   b o l t s   40  a r e   i n s e r t e d ,  

p r e f e r a b l y   f rom  t h e   t o p ,   w i t h   n u t s   60  on  t h e   b o t t o m   t h a t   a r e  

t i g h t e n e d   a g a i n s t   a  l e d g e   61,  f o r   w h i c h   a  r e c e s s   62  i s  

p r o v i d e d ,   to   h o l d   t h e   c o l l a r   17  in  p l a c e   a g a i n s t   t h e   s t e p  

15  or  1 6 .  

The  wedge   h e a r t   18  ( F i g .   6)  i s   of  g e n e r a l l y   d i a m o n d  

s h a p e ,   h a v i n g   a  v e r t e x   63  at   t h e   t o p   and  a  v e r t e x   64  a t   t h e  

b o t t o m   and  w i t h   c o n c a v e   r o p e   g u i d e s   or  g r o o v e s   65  and  66  a l o n g  

i t s   two  o p p o s i t e   e d g e s ;   i t   has   f l a t   s i d e   f a c e s   67  and  68  a s  

shown  in  F i g s .   6  and  9.  Each  wedge  h e a r t   18  i s   i n s e r t e d  

b e t w e e n   t h e   two  r o p e s   1 1 , 1 2   or  1 3 , 1 4   and  l i e s   w i t h   i t s  

w i d e s t   p o r t i o n   69  a t   a b o u t   t h e   p l a n e   w h e r e   t h e   l o w e r   s u r f a c e  

21  of  t h e   s t e p   15  and  t h e   u p p e r   s u r f a c e   50  of  t h e   w e d g e  

c o l l a r   m e e t ;   i t s   u p p e r   apex   63  l i e s   a t   a b o u t   t h e   u p p e r   f a c e  

of   t h e   p o r t i o n   30  in  t h e   o u t l e t   35,  w h i l e   i t s   l o w e r   a p e x   64 

l i e s   a t   a b o u t   t h e   l o w e r   o u t l e t   55  f rom  t h e   wedge  c o l l a r   1 7 .  

When  f u l l y   wedged   in  p l a c e ,   t h e   g r o o v e s   65  and  66  a r e  

p a r a l l e l   to  t h e   c u r v e d   end  w a l l s   of  t h e   o p e n i n g s   37  and  38 

of  t h e   s t e p   15  or  16  and  to  t h e   c u r v e d   end  w a l l s   of  t h e  

o p e n i n g s   52  of  t h e   wedge   c o l l a r   17.  The  h e a r t   18  t h e n   l o c k s  

t h e   s t e p   15  (or  16 ) ,   t h e   wedge  c o l l a r   17,  and  i t s e l f   to  t h e  

r o p e s   1 1 , 1 2   or  1 3 , 1 4 ,   so  t h a t   r e l a t i v e   m o v e m e n t   b e t w e e n   t h e m  

c a n n o t   t a k e   p l a c e .  

S i n c e   t h e   c o m p l e t e d   w e d g i n g   i s   so  t i g h t   and  s i n c e  

s l i p p a g e   i s   no t   p e r m i t t e d ,   i n s t a l l a t i o n   of  t h e   d e v i c e   i s  



p r e f e r a b l y   a c c o m p l i s h e d   as  shown  in  F i g s .   1 2 - 1 4 .   The  r o p e  
l a d d e r   10  i s   p r e f e r a b l y   a s s e m b l e d   f rom  t h e   b o t t o m   up,  t h e  

b o t t o m m o s t   s t e p   15  b e i n g   a s s e m b l e d   f i r s t ;   and  t h e   p a r t s  

1 5 , 1 6 ,   and  17  a r e   t h r e a d e d   on  t h e   r o p e   1 1 , 1 2   and  1 3 , 1 4   i n  

a d v a n c e .   A s s e m b l y   of  an  i n t e r m e d i a t e   s t e p   15  is   shown.   A 

r i g i d   a n v i l   member   70  i s   s e c u r e d   to  a  p a i r   of  v e r t i c a l  

s u p p o r t s   7 1 , 7 2   w h i c h   a r e   s e c u r e d   f i r m l y   to   a  s u i t a b l e   r i g i d  

v e r t i c a l   s u p p o r t   or   w a l l   73.  The  u p p e r   edge   20  of  a  n e x t  

u p p e r   s t e p   15  i s   b r o u g h t   up  a g a i n s t   t h e   l o w e r   s u r f a c e   of  t h e  

a n v i l   70.  Be low  t h e   a n v i l   70  and  b e l o w   t h a t   s t e p   15  i s   a  p a i r  

of  h y d r a u l i c   c y l i n d e r s   7 4 , 7 5 ,   s e c u r e d   to   t h e   s u p p o r t s   7 1 , 7 2  

and  r e s t i n g   on  a  b a s e   p l a t e   75a,   w h i c h   i s   p l a c e d   on  t h e  

n e x t - b e l o w   s t e p   15a;  w h i c h   has  a l r e a d y   been   s e c u r e d   i n  

p l a c e ,   as  by  a  p r e v i o u s   use   of  t h e   a s s e m b l y   d e v i c e .   E a c h  

c y l i n d e r   7 4 , 7 5   has   a  rod   7 6 , 7 7   c o n n e c t e d   to   i t s   p i s t o n   ( n o t  

s h o w n ) .   The  r o d s   76  and  77  s u p p o r t   a  c r o s s h e a d   78.  A  w e d g e  

c o l l a r   17,  a f t e r   h a v i n g   been   t h r e a d e d   t h r o u g h   i t   r o p e s ,   i s  

i n s e r t e d   on  an  end  s h e l f   79  a t   e a c h   end  of  t h e   c r o s s h e a d   7 8 ,  

and  a  wedge   h e a r t   18  i s   i n s e r t e d   in  b e t w e e n   each   p a i r   o f  

r o p e s   1 1 , 1 2   and  1 3 , 1 4 .   Then ,   h y d r a u l i c   p r e s s u r e   i s   e x e r t e d  

to  r a i s e   t h e   c r o s s h e a d   78  as  shown  in  F i g .   13,  f i n a l l y  

b r i n g i n g   i t   up  to   t he   p o s i t i o n   shown  in  F i g .   14,  in  w h i c h  

b o t h   wedge   c o l l a r s   17 ,17   have   t h e i r   u p p e r   s u r f a c e s   50  

b e a r i n g   a g a i n s t   t h e   b o t t o m   s u r f a c e   21  of  t h e   s t e p   1 5 - a n d  

t h e   wedge   h e a r t s   1 8 , 1 8   in  the   p o s i t i o n   w h e r e   t h e y   l o c k   t h e  

a s s e m b l y   t o g e t h e r ,   a l l   as  shown  in  e n l a r g e d   form  in  F i g .   9 .  

T h i s   a c t i o n   of  t h e   c y l i n d e r s   7 4 , 7 5   a l s o   a c t s   to   e x e r t   a  

s t r o n g   s t r e t c h i n g   f o r c e   on  t h e   r o p e s   11 ,12   and  13 ,14   i n  

b e t w e e n   t h e   s t e p s   15  and  15a,  h e l p i n g   to  a s s u r e   t a u t n e s s   a n d  

to  s e c u r e   t h e   w e d g i n g   a c t i o n   s i m u l t a n e o u s l y .   Then ,   t h e   b o l t s  

40  a r e   i n s e r t e d   and  t h e   n u t s   60  t i g h t e n e d   on  them  to  h o l d   t h e  

a s s e m b l y   t o g e t h e r .   Then ,   t he   n e x t   s t e p   15  and  i t s   a s s o c i a t e d  

e l e m e n t s   a r e   e x t e n d e d   in  t h e   same  m a n n e r .  

For  a  p i l o t ' s   l a d d e r   10,  t he   s t e p s   15  a r e   a b o u t  

t w e n t y   i n c h e s   l o n g ,   a b o u t   f i v e   i n c h e s   ( 1 2 , 7   cm)  w i d e ,   a n d  

a b o u t   an  i n c h   ( 2 , 5   cm)  t h i c k   a t   t h e   t r e a d .   The  e l o n g a t e d  

s t e p s   16  a r e   t y p i c a l l y   a b o u t   s e v e n t y   i n c h e s   (178  cm)  l o n g ,  



and  t h e   o p e n i n g s   49  a b o u t   two  i n c h e s   (5  cm)  by  e i g h t  

i n c h e s   (21  cm),  t h e r e  b e i n g   two  o p e n i n g s   49  on  e a c h   s i d e   o f  

e a c h   s t e p   16.  For  a  f o r t y - f o o t   (12  m)  l a d d e r ,   t h e r e   a r e  

u s u a l l y   f o u r   of  t h e   e l o n g a t e d   or  s p r e a d e r   s t e p s   1 6 .  

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

s p r e a d e r   s t e p s   16  of  t h i s   i n v e n t i o n   s o l v e   s e v e r a l   p r o b l e m s  .  

C o n v e n t i o n a l   wooden   s p r e a d e r s   t e n d   to   c a t c h   t h e   w i n d ,   a n d  

when  t h e y   do,  t h e y   t e n d   to   c a u s e   t h e   l a d d e r   to   t w i s t   or  s p i n ,  

t h e r e b y   m a k i n g   a s c e n t   or   d e s c e n t   d a n g e r o u s ,   i f   no t   i m p o s s i -  

b l e .   The  o p e n i n g s   49  l e t   t h e   wind   p a s s   t h r o u g h   t h e   o u t b o a r d  

p o s i t i o n s   46  and  47  and  g r e a t l y   r e d u c e   t h e   wind   r e s i s t a n c e ,  

t h e r e b y   s i g n i f i c a n t l y   i n c r e a s i n g   t h e   l a d d e r ' s   s a f e t y .   F u r t h e r -  

more ,   t h e   r i m s   48,  due  to   t h e   o p e n i n g s   49,  s e r v e   as  h a n d  

h o l d s   when  n e e d e d ,   as  on  w i n d y   days   and  n i g h t s ,   t h e r e b y  

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

49  l i g h t e n   t h e   w e i g h t   of  t h e   l a d d e r   10  c o n s i d e r a b l y ,   a n d  

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

f o r t y - f o o t   (12  m)  l a d d e r   10  w i t h   f o u r   s p r e a d e r   s t e p   16,  t h e  

open  a r e a   i s   a b o u t   2"  x  8"  x  4  x  4  =  256  s q u a r e   i n c h e s ,  

(5  cm  x  20  cm  x  4  x  4  =  1600  cm2),   and  a t   one  i n c h   (2 ,5   cm) 

t h i c k   t h i s   open  a r e a   is   e q u i v a l e n t   to   r e d u c i n g   t h e   w e i g h t  

by  t h e   w e i g h t   of  a  4"  x  1 " ( 1 0   cm  x  2 ,5   cm)  b o a r d   a b o u t  

f i v e   and  o n e - h a l f   f e e t   (1 ,7   m)  l o n g .  

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

RIM  ( r e a c t i o n   i n j e c t i o n   m o l d i n g )   may  h a v e   a  r e i n f o r c e m e n t  

by  means   of  a  t u b u l a r   m a t e r i a l   c o m p l e t e l y   i m b e d d e d   o r  

c o n c e a l e d   in  t he   body  of  t h e   s t e p   to  add  a d d i t i o n a l   s t r e n g t h  

and  p r e v e n t   f l e x i n g .   The  t u b u l a r   r e i n f o r c i n g   is   p r e f e r a b l y  

c o n n e c t e d   on  t he   ends   of  t h e   t u b u l a r   r e i n f o r c e m e n t s   b y  

b o l t s   t h r o u g h   t h e   b o t t o m   c o l l a r   to  fo rm  a  p e r i p h e r a l   f r a m e w o r k .  

The  t u b u l a r   r e i n f o r c e m e n t   a l s o   a c t s   as  a  b u o y a n c y   f a c t o r .  

To  t h o s e   s k i l l e d   in  t h e   a r t   to  w h i c h   t h i s   i n v e n t i o n  

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

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

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

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

a r e   p u r e l y   i l l u s t r a t i v e   and  a r e   no t   i n t e n d e d   to   be  in  a n y  

s e n s e   l i m i t i n g .  



1.-   A  rope  l a d d e r   of  the  type  hav ing   a  s e r i e s   o f  

l a d d e r   s t e p s ,   each  wi th   an  upper   s u r f a c e   and  a  lower   s u r f a c e ,  

two  l o n g i t u d i n a l   edges  and  two  end  edges,   and  two  s p a c e d -  

a p a r t   p a i r s   of  r o p e s ,   c h a r a c t e r i z e d   in  t h a t  :  

each  sa id   s tep   is  a  molded  o n e - p i e c e   hard   e l a s t o m e r  

member  hav ing   two  s p a c e d - a p a r t   v e r t i c a l   t h rough   o p e n i n g s ,  

one  spaced  in  from  each  sa id   edge,  each  sa id   t h r o u g h   o p e n i n g  

b e i n g   narrow  at  i t s   upper   end  for   c l o s e l y   c o n f i n i n g   s a i d  

ropes   and  be ing   much  wider   than  t ha t   where  i t   emerges  f r o m  

sa id   lower   s u r f a c e ,   each  t h r o u g h   opening   t a p e r i n g   i n w a r d l y  

from  bot tom  to  top,   each  sa id   s tep  hav ing   v e r t i c a l   b o l t  

o p e n i n g s   t h e r e t h r o u g h   a d j a c e n t   each  sa id   t h r o u g h   o p e n i n g ,  

a  p a i r   of  s e p a r a t e   wedge  c o l l a r s   for   each  sa id   s t e p ,  

one  at  each  end  of  and  below  sa id   s tep  and  b e a r i n g   up 

a g a i n s t   i t ,   each  sa id   wedge  c o l l a r   hav ing   a  s i n g l e   e l o n g a t e d  

t h r o u g h   open ing   whose  upper   end  is  a p p r o x i m a t e l y   the  same 

wid th   as  sa id   s t e p ' s   t h r o u g h   opening   where  i t   emerges  f r o m  

i t s   lower  s u r f a c e ,   s a id   e l o n g a t e d   t h rough   open ing   t a p e r i n g  

i n w a r d l y   t h e r e f r o m   down  to  a  narrow  p o r t i o n   at  the  lower  end  

fo r   c l o s e l y   c o n f i n i n g   the  two  ropes ,   each  sa id   wedge  c o l l a r  

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

b o l t   open ings   t h r o u g h   s a id   s t e p ,  

a  g e n e r a l l y   d i a m o n d - s h a p e d   wedge  h e a r t   in  be tween  t h e  

s a i d   ropes   of  each  p a i r   of  r opes ,   a  sa id   h e a r t   l y i n g   in  each  t h r o u g h  

open ing   of  each  s tep  and  e x t e n d i n g   in to   each  sa id   e l o n g a t e d   t h r o u g h  

open ing   of  said  wedge  c o l l a r ,   sa id   wedge  h e a r t   hav ing   an  u p p e r  
v e r t e x   a d j a c e n t   s a id   uppe r   end  of  said  s t e p ' s   t h r o u g h   opening   and  

a  lower   v e r t e x   a d j a c e n t   the  bottom  of  the  e l o n g a t e d   t h rough   o p e n i n g  

of  sa id   wedge  c o l l a r ,   and  p r o v i d i n g   two  r o p e - e n g a g i n g   s ide  g r o o v e s  
e x t e n d i n g   between  and  end ing   at  said  v e r t i c e s ,   so  t h a t   these   r o p e -  

engag ing   g r o o v e s ,   when  s a id   wedge  h e a r t   is  f u l l y   wedged  in  p l a c e ,  

lock  the  p a i r   of  ropes   in  p l a c e   and  p r e v e n t   r e l a t i v e   movement 

between  them  and  sa id   s t e p ,   said  wedge  c o l l a r   and  sa id   wedge  h e a r t ,   a n d  

f a s t e n i n g   means  e x t e n d i n g   t h rough   the  b o l t   p a s s a g e s   of  e a c h  

wedge  c o l l a r   and  the  b o l t   open ings   of  each  s tep  and  t i g h t e n e d   in  p l a c e  

to  hold  sa id   wedge  c o l l a r   and  wedge 



h e a r t   in  p l a c e   and  l o c k   s a i d   r o p e s   in   f i x e d   p o s i t i o n   r e l a t i v e  

to   s a i d   wedge   h e a r t ,   s a i d   s t e p ,   and  s a i d   wedge   c o l l a r .  

2 . -   The  r o p e r   l a d d e r   of  c l a i m   1  c h a r a c t e r i z e d   in   t h a t  

s a i d   s t e p   i s   r e i n f o r c e d   by  r i b   means   e x t e n d i n g   down  f r o m   t h e  

l o w e r   s u r f a c e   t h e r e o f .  

3 . -   The  r o p e   l a d d e r   of  c l a i m s   1  or  2  c h a r a c t e r i z e d   i n  

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

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

t h e r e t o .  

4 . -   The  r o p e   l a d d e r   of  any  p r e c e d i n g   c l a i m ,   c h a r a c t e -  

r i z e d   in  t h a t   e a c h   s a i d   wedge  c o l l a r   i s   made  in  two  p i e c e s ,  

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

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

t o g e t h e r .  

5 . -   The  r o p e   l a d d e r   of  c l a i m   4  c h a r a c t e r i z e d   in  t h a t  

s a i d   two  p i e c e s   of  e a c h   s a i d   wedge   c o l l a r   a r e   i d e n t i c a l - t o  

e a c h   o t h e r .  

6 . -   The  r o p e   l a d d e r   of  c l a i m s   4  or  5  c h a r a c t e r i z e d   i n  

t h a t   s a i d   wedge   c o l l a r   has   a  t h r o u g h   o p e n i n g   e x t e n d i n g  

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

b o l t e d   to   a  s a i d   wedge   c o l l a r .  

7 . -   The  r o p e   l a d d e r   of  any  p r e c e d i n g   c l a i m   c h a r a c t e r i -  

zed  in  t h a t   s a i d   wedge   h e a r t   f l a r e s   o u t w a r d l y   f rom  b o t h   s a i d  

v e r t i c e s ,   m e e t i n g   at   s i d e   v e r t i c e s   t h a t   a r e   s u b s t a n t i a l l y  

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

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

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

t h e   s t e p   and  t h e   wedge   c o l l a r .  

8 . -   The  r o p e   l a d d e r   of  any  p r e c e d i n g   c l a i m   c h a r a c t e r i -  

zed  in  t h a t   i t   has   a t   i n t e r v a l s   an  e l o n g a t e d   m o l d e d   s t e p  

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

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

and  o p e n i n g s   s u r r o u n d e d   by  s a i d   b o r d e r   p o r t i o n s .  

9 . -   The  r o p e   l a d d e r   of  any  p r e c e d i n g   c l a i m   c h a r a c t e r i -  

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

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

r i g i d l y   c o n n e c t e d   to   s a i d   wedge   c o l l a r s .  



1 0 . -   A  m e t h o d   f o r   a s s e m b l y   of  a  r o p e   l a d d e r   of  t h e   t y p e  

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

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

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

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

w i t h   t h o s e   of  t h e   s t e p ,   c h a r a c t e r i z e d   in  t h a t   i t   c o m p r i s e s  

t h e   s t e p   o f  :  

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

s t e p s   and  wedge  c o l l a r s ,  

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

s t e p   a t   e a c h   e n d ,  

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

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

i t s   s t e p ,  

h o l d i n g   s a i d   s t e p   in  p l a c e   a g a i n s t   an  a n v i l   on  i t s  

u p p e r   s u r f a c e ,   a n d  

h y d r a u l i c a l l y   f o r c i n g   b o t h   s a i d   wedge   c o l l a r s   f o r  

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

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

1 1 . -   The  m e t h o d   of   c l a i m   10  c h a r a c t e r i z e d   in  t h a t  

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

b r i n g i n g   d o w n w a r d l y   e x e r t e d   p r e s s u r e   a g a i n s t   a  n e x t - l o w e r  

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

s a i d   r o p e s   and  f o r c i n g   t h e   wedge  h e a r t   up  i n t o   p l a c e .  

1 2 . -   The  m e t h o d   of  c l a i m s   10  or  11  c h a r a c t e r i z e d   i n  

t h a t   s a i d   wedge   c o l l a r   i s   b o l t e d   to  s a i d   two  wedge  c o l l a r  

p i e c e s   of  e a c h   s a i d   l o w e r   wedge  c o l l a r   by  a  t r a n s v e r s e l y  

e x t e n d i n g   b o l t   e x t e n d i n g   t h r o u g h   s a i d   wedge  h e a r t .  
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