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@  Pressurized  abrasive  cleaning  device. 

(57)  An  improved  device  (1  )  for  pressurized  abrasive  cleaning 
surfaces  and  simultaneously  recovering  all  the  spent  abra- 
sive  particles  and  debris  removed  from  the  surface.  A  venturi 
nozzle  (13)  adapted  to  be  connected  to  supply  of  pressurized 
air  containing  abrasive  particles  is  mounted  within  a  cylin- 
drical  blast  tube  (15).  The  blast  tube  extends  beyond  the 
nozzle  and  generally  throughout  the  length  of  a  vacuum 
chamber  (30)  formed  within  a  vacuum  cone  (20)  that  is 
mounted  on  and  extends  concentrically  about  the  blast  tube. 
A  cast  urethane  work  ring  (47)  is  movably  mounted  on  the 
outer  end  of  the  vacuum  cone  by  a  gimbal  ring  (41)  and 
flexible  sealing  duct  (48).  An  exhaust  tube  (31)  adapted  to  be 
connected  to  a  source  of  suction  is  connected  to  the  vacuum 
cone  to  provide  a  vacuum  within  the  cone.  The  blast  tube 
protects  the  blast  pattern  of  abrasive  particles  and  pressu- 
rized  air  after  leaving  the  nozzle  and  passing  through  the 
vacuum  chamber  and  directs  it  in  a  confined  effectively  large 
and  efficient  pattern  against  the  surface  being  cleaned.  The 
work  ring  traps  the  spent  abrasive  particles  and  debris  which 
is  removed  from  the  work  ring  and  vacuum  chamber  through 
the  exhaust  tube.  The  work  ring  has  an  outer  edge  (74) 
shaped  to  match  the  contour  of  the  surface  being  cleaned 
and  is  moved  along  the  surface  by  rollers  (53)  mounted  on 
the  work  ring  holder  (35). 
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TECHNICAL  F IELD 

The  i n v e n t i o n   r e l a t e s   to  d e v i c e s   f o r   c l e a n i n g  

s u r f a c e s   and  in  p a r t i c u l a r   to  d e v i c e s   w h i c h   use   a b r a -  

s i v e s   e n t r a i n e d   in  a  s t r e a m   of  h i g h   p r e s s u r e   a i r   on  t h e  

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

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

d e v i c e   and  r e m o v e d   by  a  vacuum  s o u r c e   and   c o l l e c t e d   in  a 

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

d e b r i s   i n t o   the  s u r r o u n d i n g   a t m o s p h e r e .  

BACKGROUND  ART 

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

as  s a n d b l a s t e r s ,   have   been   u s e d   f o r   a  c o n s i d e r a b l e   n u m b e r  

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

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

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

i n t o   a  n o z z l e   f rom  w h i c h   i t   i s   e j e c t e d   and  i m p i n g e d  

a g a i n s t   the   s u r f a c e   to   be  c l e a n e d .   The  h i g h   p r e s s u r e  
a b r a s i v e   p a r t i c l e s   r e m o v e   d i r t   a n d  d e b r i s   f r o m   the   s u r -  
f a c e   and  p r o v i d e   an  e x t r e m e l y   s a t i s f a c t o r y   c l e a n i n g  

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

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

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

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

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

d e b r i s   e n t e r   t he   a i r   and  become  d e p o s i t e d  o n   t he   s u r -  

r o u n d i n g   e q u i p m e n t .   A l s o   when  t h e   c l e a n i n g   i s   done  in  a  

c o n f i n e d   p l a c e   t he   d u s t   t h a t   is   c r e a t e d   i s   so  i n t e n s e  

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



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

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

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

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

The  g e n e r a t e d   d u s t   a l s o   is  a  s e r i o u s   p r o b l e m  

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

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

by.   For   e x a m p l e ,   r e d   l e a d   b a s e   p r i m e r s   h a v e   been   a p p l i e d  

t=  b r i d g e s   o v e r   w a t e r w a y s   t h r o u g h o u t   much  o f  t h e   c o u n t r y .  

E n v i r o n m e n t   l a w s   now  r e q u i r e   t h a t   t h e s e   p r i m e r s   b e  

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

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

ing   o p e r a t i o n s .  

L i k e w i s e ,   a  c o n s i d e r a b l e   n u m b e r   of  r a i l r o a d   c a r s ,  

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

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

and  e x t e r i o r   in   w h i c h   t h e   p a r t i c l e s   p r e s e n t   a  h e a l t h  

h a z a r d   to  t h e   workman   or   p o l l u t i o n   to   t h e   s u r r o u n d i n g  

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

p r c b l e m s   and   e q u i p m e n t   p r o v i d e   an  e x p e n s i v e   a b r a s i v e  

b l a s t i n g   c l e a n i n g   o p e r a t i o n   and  in  many  a p p l i c a t i o n s   p r e -  

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

r e s t r i c t i o n s   and  l a w s .  

O t h e r s   d e v i c e s   h a v e   a t t e m p t e d   to   o v e r c o m e   t h i s  

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

w i t h i n   t he   c l e a n i n g   n o z z l e   by  p l a c i n g   a  v a c u u m   t h e r e o n .  

In  s u c h   p r i o r   c o n s t r u c t i o n s ,   t h e   s k i r t   of  t h e   n o z z l e   o r  

n c z z l e   h o u s i n g   was  f o r m e d   of  b r u s h   b r i s t l e s  w h i c h   was  i n  

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

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

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

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

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



s a t i s f a c t o r y   f o r   c e r t a i n   a p p l i c a t i o n s   p r o v i d e   an  e x -  

c e s s i v e   a m o u n t   of  d r a g   on  t h e   d e v i c e   as  i t   is   b e i n g  

moved  a c r o s s   t h e   s u r f a c e   b e i n g   c l e a n e d .   A l so   the   i n t e r -  

na l   b l a s t   p a t t e r n   of  p a r t i c l e s   l e a v i n g   t he   n o z z l e   i s  

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

t h i s   d i s r u p t i o n   t he   n o z z l e   had  to   t e r m i n a t e   b e y o n d   t h e  

vacuum  c h a m b e r   and  c l o s e l y   a d j a c e n t   to  t he   s u r f a c e   b e i n g  

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

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

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

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

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

to  a  g r e a t   e x t e n t   t h e   f i n a l   c o s t   of  t h e   c l e a n i n g   o p e r a -  
t i o n .   T h i s   b e c o m e s   v e r y   i m p o r t a n t   where   e x p e n s i v e  

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

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

non  r e c o v e r a b l e   a b r a s i v e s   t h u s   i n c r e a s e d   t h e   c o s t  o f   a  

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

l u t i o n   and   h e a l t h   h a z a r d s   c r e a t e d   t h e r e b y .  

Thus  t h e   need   has   e x i s t e d   f o r   an  i m p r o v e d   p r e s -  
s u r i z e d   a b r a s i v e   c l e a n i n g   d e v i c e   w h i c h   e n a b l e s   t h e   s p e n t  

a b r a s i v e s   to  be  r e c o v e r e d   a l o n g   w i t h   t he   d e b r i s   e l i m i -  

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

e n a b l i n g   t h e   s p e n t   a b r a s i v e s   to   be  r e u s e d ,   and  w h i c h   p r o -  
v i d e s   an  e f f i c i e n t l y   l a r g e   b l a s t   p a t t e r n .  

DISCLOSURE  OF  THE  INVENTION 

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

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

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

n e a r l y   a l l   of  t he   a b r a s i v e s   and  d e b r i s ,   and  in  w h i c h  

t he   d e v i c e   has   v a r i o u s   work  r i n g   c o n f i g u r a t i o n s   w h i c h  

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

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



t h e   s u r r o u n d i n g   a t m o s f h e r e .   A h o t h e r   o b j e c t i v e   i s  

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

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

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

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

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

n o z z l e   i s   l o c a t e d   w i t h i n   a  b l a s t   t u b e   w h i c h   e x t e n d s   c o n -  

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

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

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

b l a s t   p a t t e r n   a g a i n s t   t h e   work  s u r f a c e .  

A  f u r t h e r   o b j e c t i v e   of  t h e   i n v e n t i o n   i s   to   p r o v e  
s u c h   an  a b r a s i v e   c l e a n i n g   d e v i c e   in  w h i c h   t h e   work   r i n g s  

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

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

by  a  g i m b a l   on  t h e   h o u s i n g   e n a b l i n g   t h e   o u t e r   r i n g  

e d g e s   to   m a i n t a i n   c l o s e . c o n t a c t   as  i t   i s   b e i n g   moved  o v e r  

t h e   work   s u r f a c e   w i t h o u t   e x c e s s i v e   m a n i p u l a t i o n   and  m o v e -  

m e n t -  o f   t h e   h o u s i n g ,   and   in  w h i c h   t h e   work   r i n g   h o l d e r  

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

w i t h   t h e   g i m b a l   b e i n g   l o c a t e d   w i t h i n   t h e   d u c t .  

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

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

m o u n t e d   on  t h e   w o r k   h o l d e r   r i n g   f o r   r o l l i n g   e n g a g e m e n t  

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

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

t o   be  moved  e a s i l y   a l o n g   the   work  s u r f a c e   r e d u c i n g  

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

r o l l e r s   a r e   a d j u s t a b l e   to   p r o v i d e   a  makeup   a i r   gap  b e -  

t w e e n   t h e   work  r i n g   and  work  s u r f a c e   by  m a i n t a i n i n g   t h e  

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

e f f e c t i n g   t h e   s t r e n g t h   of   t he   i n t e r n a l   v a c u u m .  



S t i l l   a n o t h e r   o b j e c t i v e   of  the   i n v e n t i o n   i s   t o  

p r o v i d e   s u c h   a  c l e a n i n g   d e v i c e   in  w h i c h   the   work  r i n g s  

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

away  a c t i o n   t h e r e o n   by  t h e   p r e s s u r i z e d   a b r a s i v e s ,   w h i c h  

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

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

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

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

A  f u r t h e r   o b j e c t i v e   i s   to  p r o v i d e   such   a  d e v i c e  

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

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

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

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

p r e s s u r i z e d   a b r a s i v e s ,   in  w h i c h   t h e   r o l l e r s   a r e   p r o v i d e d  

w i t h   r e l i e f   s l o t s   e x t e n d i n g   a l o n g   t h e   r o l l e r   b o r e s   t o  

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

ing   a x l e s   due  to   t h e   c o l l e c t i o n   of   a b r a s i v e s   and  d e b r i s  

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

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

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

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

work  s u r f a c e s .  

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

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

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

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

n e e d s   e x i s t i n g   in   t h e   a r t .  

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

g e n e r a l   n a t u r e   of   w h i c h   may  be  s t a t e d   as  i n c l u d i n g   a  

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

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

e x t e n d i n g   t h r o u g h   t h e   vacuum  c h a m b e r ;   a  n o z z l e   h a v i n g  

i n l e t   and  o u t l e t   e n d s   m o u n t e d   w i t h i n   the   h o u s i n g  



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

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

end   of  s a i d   t u b e ,   and  w i t h   t h e   i n l e t   end  of   t he   n o z z l e  

b e i n g   a d a p t e d   t o   be  c o n n e c t e d   to  a  s o u r c e   of  p r e s s u r i z e d  

a i r   c o n t a i n i n g   a b r a s i v e   p a r t i c l e s ;   work   r i n g   m e a n s  

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

a  s u r f a c e   to   be  a b r a s i v e l y   c l e a n e d ;   g i m b a l   means   f o r  

m o v a b l y   m o u n t i n g   t h e   work   r i n g   means   on  t h e   o u t e r   end  o f  

t h e   h o u s i n g ;   and   e x h a u s t   t u b e   means   c o m m u n i c a t i n g   w i t h  

t h e   v a c u u m   c h a m b e r   and  a d a p t e d   to  be  c o n n e c t e d   to   a  s u c -  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n ,   i l l u -  

s t r a t i v e   of  t h e   b e s t   mode  in  w h i c h   a p p l i c a n t s   have   c o n -  

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

f o l l o w i n g   d e s c r i p t i o n   and  i s   shown  in  t he   d r a w i n g s ,   a n d  

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

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

FIG.   1  i s   a  d i a g r a m m a t i c   p e r s p e c t i v e   v i ew   s h o w i n g  

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

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

p l y   e q u i p m e n t   b e i n g   u s e d   in  c l e a n i n g   a  v e r t i c a l   w a l l ;  

FIG.  2  i s   an  e n l a r g e d   p l a n   v i e w   w i t h   p o r t i o n s  

b r o k e n   away  and   in  s e c t i o n ,   s h o w i n g   t h e   i m p r o v e d   a b r a s i v e  

c l e a n i n g   d e v i c e ;  

FIG.   3  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew   t a k e n   o n  

l i n e   3 - 3 ,   FIG.   2 ;  

FIG.   4  i s   an  e n l a r g e d   s e c t i o n a l   v i e w   t a k e n   o n  

l i n e   4 - 4 ,   FIG.   3 ;  

F I G .  5   i s  a n   e n l a r g e d   s e c t i o n a l   v i e w   t a k e n   on  l i n e  

5 - 5 ;  F I G .  3 ;  



FIG.  6  is  an  e n l a r g e d   s e c t i o n a l   v iew  t a k e n   o n  

l i n e   6 - 6 ,   FIG.  3 ;  

FIG.   7  i s   an  e n l a r g e d   s e c t i o n a l   v iew  t a k e n   o n  

l i n e   7 - 7 ,   FIG.  3 ;  

FIG.   8  is   an  e n l a r g e d   f r a g m e n t a r y   s e c t i o n a l   v i e w  

t a k e n  o n   l i n e   8 - 8 ,   FIG.  3 ;  

F IG.   9  i s   a  p e r s p e c t i v e   v i e w   s h o w i n g   one  of  t h e  

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

FIG.   10  i s   a  p e r s p e c t i v e   v i ew   s h o w i n g   one  f o r m  

of  work  r i n g   u s e d   fo r   c l e a n i n g   r e l a t i v e l y   f l a t   s u r f a c e s ;  

FIG.   11  i s   a  p e r s p e c t i v e   v i ew  s h o w i n g   a n o t h e r  

fo rm  of  work  r i n g  u s e d   fo r   c l e a n i n g   o u t e r   r i g h t   a n g l e  

c o r n e r s ;  

FIG.   12  is   a  p e r s p e c t i v e   v i ew  s i m i l a r   to  F I G S .  

10  and  11  s h o w i n g   a n o t h e r   work  r i n g   u s e d   f o r   c l e a n i n g  

i n n e r   r i g h t   a n g l e   c o r n e r s ;  
FIG.  13  is  a  f r a g m e n t a r y   p e r s p e c t i v e   v iew  s h o w i n g  

the   work  r i n g   of  FIG.  11  c l e a n i n g   an  o u t e r   c o r n e r  ;  

FIG.   1.4  is  a  f r a g m e n t a r y   p e r s p e c t i v e   v iew  s h o w -  

ing  t h e   work  r i n g   of  FIG.  12  b e i n g   u s e d   to  c l e a n   a n  

i n n e r   r i g h t   a n g l e   c o r n e r ;  

FIG.   15  is   a  f r a g m e n t a r y   p e r s p e c t i v e   v i ew  s h o w -  

ing  t h e   g i m b a l   m o u t n i n g   of  t h e   work  r i n g   h o l d e r   on  t h e  

end  of  t h e   h o u s i n g  ;   a n d  

FIG.   16  i s   a  f r a g m e n t a r y   p l a n   v i e w   of  one  of  t h e  

r o l l e r   a s s e m b l i e s   m o u n t e d   on  t he   work  r i n g   h o l d e r .  

S i m i l a r   n u m e r a l s   r e f e r   to  s i m i l a r   p a r t s   t h r o u g h -  

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

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION. 

The  i m p r o v e d   p r e s s u r i z e d   a b r a s i v e   c l e a n i n g   d e -  

v i c e   is  i n d i c a t e d   g e n e r a l l y   at  1,  and  is  shown  in  F I G .  

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

w h i c h   may  i n c l u d e   a  p r e s s u r i z e d   a i r   s u p p l y   s y s t e m   2  a n d  



a  h o p p e r   3  c o n t a i n i n g   a b r a s i v e   p a r t i c l e s   w h i c h   a r e   f e d  

t h r o u g h   a  s u p p l y   h o s e   4  to   n o z z l e   1.  S u p p l y   h o s e   4  i s  

c o n n e c t e d   to   a  c o n d u i t   5  w h i c h   e x t e n d s   b e t w e e n   s u p p l y  

s y s t e m   2  and  h o p p e r   3.  C o n t r o l   v a l v e s   6  and   7  a r e  

l o c a t e d   in  c o n d u i t   5  f o r   r e g u l a t i n g   t h e   a i r   p r e s s u r e  
f r o m   u n i t   2  and  f o r   c o n t r o l l i n g   the   r a t e   of   f l o w   o f  

a b r a s i v e   p a r t i c l e s   f r o m   h o p p e r   3  i n t o   l i n e   4.  An  e x h a u s t  

l i n e   8  i s   c o n n e c t e d   a t   one  end  to  d e v i c e   and  a t   i t s  

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

t a n k   and  f i l t e r   u n i t   9 .  

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

1  i s   shown  p a r t i c u l a r l y   in  FIGS.   2  and  3.  D e v i c e   1  i n -  

c l u d e s   a  ma in   h o u s i n g   i n d i c a t e d   g e n e r a l l y   a t   14,  w i t h  

s u p p l y   h o s e   4  b e i n g   c o n n e c t e d   t h e r e t o   by  a  c y l i n d r i c a l  

n o z z l e   h o l d e r   11  and  a  p l u r a l i t y   of  a t t a c h m e n t   s c r e w s  

12.  A  u s u a l   v e n t u r i   n o z z l e   13  is   t h r e a d a b l y   e n g a g e d  

and   m o u n t e d   on  n o z z l e   h o l d e r   11  and  e x t e n d s   f o r w a r d l y  

t h e r e f r o m   w i t h   a  c y l i n d r i c a l   p o r t i o n   19  of  h o u s i n g   1 4 .  

A  c y l i n d r i c a l   s h a p e d   b l a s t   t u b e   15  i s   t e l e s c o p i c a l l y  

c o n c e n t r i c a l l y   m o u n t e d   w i t h   r e s p e c t   to   n o z z l e   13  w i t h -  

in  h o u s i n g   14  by  s c r e w s   18  to  a  c y l i n d r i c a l   end   p o r t i o n  

21  of   a  v a c u u m   c o n e ,   i n d i c a t e d   g e n e r a l l y   a t   20.  A  c o l -  

l a r   16  i s   m o u n t e d   on  n o z z l e   h o l d e r   11  and  i s   a t t a c h e d  

by  w e l d s   17  to   t h e   i n n e r   end  of  h o u s i n g   p o r t i o n   1 9 .  

C y l i n d r i c a l   p o r t i o n   21  of  cone   20  p r e f e r a b l y   i s   a t t a c h e d  

by  w e l d s   22  to   t he   o u t e r   end  of  h o u s i n g   s e c t i o n   1 9 .  

Vacuum  c o n e   20  i n c l u d e s   an  o u t w a r d y   f o r w a r d l y   e x t e n d i n g  

c o n i c a l   w a l l   23  c o n n e c t e d   i n t e g r a l l y   w i t h   c y l i n d r i c a l  

p o r t i o n   21  and  t e r m i n a t i n g   in  an  a x i a l l y   e x t e n d i n g  

c y l i n d r i c a l   w a l l   24.  Wal l   24  t e r m i n a t e s   in  an  i n w a r d l y  

e x t e n d i n g   a n n u l a r   f l a n g e   25  w h i c h   f o r m s   a  c e n t r a l   c i r -  

c u l a r   o p e n i n g   2 6 .  

A  h a n d l e   28  i s   a t t a c h e d   by  w e l d s   29  to  h o u s i n g  

14  and  e x h a u s t   l i n e   8  c o m m u n i c a t e s   w i t h   t h e   i n t e r i o r  

of   v a c u u m   c h a m b e r   30  f o r m e d   w i t h i n   h o u s i n g   14  t h r o u g h   a  



h o l l o w   e x h a u s t   t u b e   31.  E x h a u s t   t u b e   31  c o m m u n i c a t e s  

w i t h   v a c u u m   c h a m b e r   30  t h r o u g h   an  e l l i p t i c a l - s h a p e d  

o p e n i n g   3 2 .  

R e f e r r i n g   p a r t i c u l a r l y   to  FIGS.   2,  3  and  1 5 ,  

a  c y l i n d r i c a l   work  r i n g   h o l d e r   i n d i c a t e d   g e n e r a l l y   a t  

35  i s   m o v a b l y   m o u n t e d   on  t h e   o u t e r   end  of  vacuum  c o n e   20  

by  a  g i m b a l ,   i n d i c a t e d   g e n e r a l l y   a t   36.  Work  r i n g   h o l d e r  

35  i s   f o r m e d   by  a  c y l i n d r i c a l   s i d e w a l l   37  w h i c h   t e r m i n a t e s  

in  an  i n n e r   i n w a r d l y   e x t e n d i n g   a n n u l a r   f l a n g e   38  w h i c h  

form's  a  c e n t r a l   c i r c u l a r   s h a p e d   o p e n i n g   39.  G i m b a l   36 

i n c l u d e s   a  g i m b a l   r i n g   41  m o u n t e d   by  a  p a i r   of  g i m b a l  

m o u n t s   42  and  p i v o t   b o l t s   43  to  a n n u l a r   f l a n g e   25  a t   t h e  

o u t e r   end  of  vacuum  cone   20.  Ring  h o l d e r   35  i s   m o u n t e d   b y  
a n o t h e r   p a i r   of  g i m b a l   m o u n t s   44  and  p i v o t   b o l t s   45  l o c a t e d  

d i a m e t r i c a l l y   o p p o s i t e   of  e a c h   o t h e r   and  s p a c e d   90°  w i t h  

r e s p e c t   to   g i m b a l   m o u n t s   42  of  vacuum  cone   20.  T h i s   g i m b a l  

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

r i n g   35  and   a s s o c i a t e d   work  r i n g   a l o n g   the  work  s u r f a c e  

by  e n a b l i n g   p i v o t a l   m o v e m e n t   of  the   work  r i n g   in  t w o  

d i r e c t i o n s   w i t h   r e s p e c t   to  vacuum  cone   2 0 .  

A  f l e x i b l e   v a c u u m   d u c t   48  is  m o u n t e d   on  the   o u t e r  

end  of  v a c u u m   cone   20  by  a  c l a m p   49  and  i s   a t t a c h e d   to  t h e  

o u t e r   s u r f a c e   of  c y l i n d r i c a l   w a l l   37  of  work  r i n g   h o l d e r  

35  by  a  s i m i l a r   c l a m p   50.  Duc t   48  e n a b l e s   m o v e m e n t   t o  

o c c u r   b e t w e e n   work  r i n g   h o l d e r   35  and  vacuum  cone   20  

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

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

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

In  a c c o r d a n c e   w i t h   a n o t h e r   f e a t u r e   of  t h e   i n v e n -  

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

i n d i c a t e d   g e n e r a l l y   at  53,  a r e   m o u n t e d   on  work  r i n g  

h o l d e r   35.  Each  r o l l e r   a s s e m b l y   is  s i m i l a r   to  e a c h   o t h e r  

and  t h e r e f o r e   o n l y   one  is   d e s c r i b e d   in  d e t a i l .   R o l l e r  

a s s e m b l y   53  i n c l u d e s   a  p a i r   of  s p a c e d   s t u d   b r a c k e t s   54 



(F IG.   8)  w h i c h   a r e   w e l d e d   to  the   o u t e r   s u r f a c e   of  w o r k  

r i n g   h o l d e r   w a l l   37  f o r   p i v o t a l l y   m o u n t i n g   a  p l u r a l i t y  

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

a l l y   a t   55.  R o l l e r   55  a r e   r o t a t a b l y   m o u n t e d   on  a  s h a f t  

56  w h i c h   i s   r o t a t a b l y   s u p p o r t e d   and  e x t e n d s   b e t w e e n   a  

p a i r   of  s p a c e d   l e g s   59  of  a  U - s h a p e d   b r a c k e t   58.  P r e -  

f e r a b l l y   t h r e e   r o l l e r s   55  a r e   r o t a t a b l y   m o u n t e d   on  s h a f t  

56  w i t h   b r a c k e t   l e g s   59  b e i n g   l o c a t e d   b e t w e e n   t he   c e n -  
t r a l   r o l l e r   and  t h e   two  o u t e r   end  r o l l e r s .   B r a c k e t   58 

i s   p i v o t a l l y   m o u n t e d   on  a  p i v o t   s h a f t   65  w h i c h   e x t e n d s  

b e t w e e n   s t u d   b r a c k e t s   5 4 .  

An  a d j u s t m e n t   b o l t   60  is  t h r e a d a b l y   m o u n t e d   i n  

a  t h r e a d e d   h o l e   61  f o r m e d   in  a  p l a t e   62  w h i c h   e x t e n d s  

b e t w e e n   t h e   b r a c k e t   l e g s   5 9 .  A   t o r s i o n a l   c o i l   s p r i n g  

64  i s   t e l e s c o p i c a l l y   m o u n t e d   on  s h a f t   65  w i t h   one  e n d  

e n g a g i n g   p l a t e   62  and  an  o t h e r   end  e n g a g i n g   a  s t u d   b r a c -  

k e t   54  b i a s i n g   r o l l e r   a s s e m b l y   53  in  a  r e t r a c t e d   p o s i -  

t i o n   i n d i c a t e d   by  a r r o w   A  in  FIG.  8.  The  h e a d   of  b o l t  

60  e n g a g e s   f l e x i b l e   d u c t   m o u n t i n g   b a n d   50  and  w h e n  

a d j u s t e d   in  p l a t e   62  w i l l   e f f e c t   t h e   s i z e   of  s p a c i n g  

52  b e t w e e n   o u t e r   work  e n g a g i n g   e d g e   of  a  work   r i n g   47 

w i t h   r e s p e c t   to  a  work   s u r f a c e   10  as  shown  in  e x a g -  

g e r a t e d   c o n d i t i o n   in  FIG.  8.  R o l l e r s   55  a r e   f o r m e d   o f  

r u g g e d   c a s t   u r e t h a n e   and  have   a  c e n t r a l   b o r e   66  f o r m e d  

t h e r e i n   (F IG .   9)  t h r o u g h   w h i c h   s h a f t   56  e x t e n d s   f o r  

r o t a t a b l y   m o u n t i n g   r o l l e r s   55  t h e r e o n .  

In  a c c o r d a n c e   w i t h   a n o t h e r   f e a t u r e   of  the   i n v e n -  

t i o n ,   a  p l u r a l i t y   of  r a d i a l l y   e x t e n d e d   s l o t s   67  g e n e r -  

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

66  and  e x t e n d   r a d i a l l y   o u t w a r d l y   t h e r e f r o m .   S l o t s   67 

e x t e n d   l o n g i t u d i n a l l y   t h r o u g h o u t   t h e   l e n g t h   of  b o r e  

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

t h e   r o l l e r s .   The  e d g e s   of  s l o t s   67  a c t   as   s c r a p e r s   t o  

r e m o v e   t h e   p a r t i c l e s  f r o m   s h a f t   56  and  b r i n g   them  i n t o  



and  a l o n g   the   s l o t s .   R e l i e f   s l o t s   67  e n a b l e   s p e n t  

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

and  b e t w e e n   b o r e   66  and  s h a f t   56  r e s u l t i n g   in  b i n d i n g  

u p  o f   t h e   r o l l e r s   on  t h e   s h a f t .   The  o u t e r   c i r c u l a r  

r o l l e r   e n d s   68  a r e   f o r m e d   w i t h   r e c e s s e s   69  in  w h i c h   a  

m o u n t i n g   s h a f t   nu t   70  and  w a s h e r   71  (F IG.   2)  i s   l o c a t e d  

f o r   s e c u r i n g   r o l l e r s   55  on  s h a f t   56.  Work  r i n g   47  w h i c h  

i s   shown  m o u n t e d   in  work  r i n g   h o l d e r   35  in  F IGS .   2 ,   3 

and  8  i s   shown  in  d e t a i l   in  FIG.   10.  R ing   47  i s   o f  

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

10  as  shown  in  FIGS.  1  and  2.  W o r k  r i n g   47  p r e f e r a b l y  

i s   f o r m e d   of  c a s t   u r e t h a n e   and  has   a  ma in   c y l i n d r i c a l  

b o d y   72  t e r m i n a t i n g   in  a  r a d i a l l y   o u t w a r d l y   e x t e n d i n g  

a n n u l a r   f l a n g e   73  p r o v i d i n g   a  f l a t   a n n u l a r   work  e n g a g i n g  

e d g e   s u r f a c e   74.  C y l i n d r i c a l   body  72  has   an  a x i a l  

l e n g t h   e q u a l   to  t he   a x i a l   l e n g t h   of  work   r i n g   h o l e r   3 5  

w h e r e b y   r e a r   a n n u l a r   s u r f a c e   75  t h e r e o f   a b u t s   a g a i n s t  

work   r i n g   f l a g n e   38  w i t h   a n n u l a r   f l a n g e   73  a b u t t i n g  

a g a i n s t   t h e   o u t e r   c i r c u l a r   edge   40  of  work   r i n g   h o l d e r  

37  as   shown  p a r t i c u l a r l y   in  FIG.  3.  C y l i n d r i c a l   b o d y  

72  of  work  r i n g   47  h a s   a  s l i d i n g   s l i p - f i t   e n g a g e m e n t  

w i t h   t h e   i n t e r i o r   of  w o r k  r i n q   h o l d e r  w a l l   37  and   d o e s  

n o t   r e q u i r e   any  a d d i t i o n a l   c o m p o n e n t s   to   s e c u r e   or   l o c k  

t h e   work  r i n g   in  t h e   work  r i n g   h o l d e r .  

A d d i t i o n a l   work  r i n g   c o n f i g r u a t i o n s ,   i n d i c a t e d  

g e n e r a l l y   a t   77  and  78  a r e   shown  in  F IGS.   11  ' and   1 2 ,  

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

r i g h t   a n g l e   c o r n e r s   83  as  shown  in  FIG.  13  and  i n t e r i o r  

r i g h t   a n g l e   c o r n e r s   88  as   shown  in  FIG.  14.  Work  r i n g  

77  i n c l u d e s   a  c y l i n d r i c a l   body  70  c o m p l e m e n t a r y   i n  

d i a m e t e r   and  a x i a l   l e n g t h   to  the   i n s i d e   s u r f a c e   of  c y -  

l i n d r i c a l   w a l l   37  of  work  r i n g   h o l d e r   3 5  s o   as   to  p r o v i d e  

a  s l i p - f i t   e n g a g e m e n t   t h e r e b e t w e e n .   Rea r   a n n u l a r   s u r -  

f a c e   80  of  r i n g   77  a b u t s   a g a i n s t   a n n u l a r   f l a n g e   38  o f  



r i n g   h o l d e r   35,   and  an  a n n u l a r   s h o u l d e r   81  f o r m e d   a t  

t h e   f o r w a r d   end   of  c y l i n d r i c a l   body  79  a b u t s   a g a i n s t  

o u t e r   e d g e   40  of   r i n g   h o l d e r   w a l l   37.  An  o u t e r   i n c r e a s e d  

d i a m e t e r   c y l i n d r i c a l   p o r t i o n   90  of  work  r i n g   77  i s   f o r m e d  

w i t h   an  i n w a r d l y   e x t e n d i n g   V - s h a p e d   n o t c h   82  w h i c h   f o r m s  

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

e n a b l e s   t h e   w o r k   r i n g   to   c o n f o r m   t o  e x t e r i o r   r i g h t   a n g l e  

c o r n e r   83  as   shown  in  FIG.   13  f o r   e f f e c t i v e l y   c l e a n i n g  

t h e   same  w i t h o u t   l o s i n g   i t s   s c a l i n g   e n g a g e m e n t   w i t h   t h e  

w a l l   s u r f a c e s .  

Work  r i n g   78  is   g e n e r a l l y   s i m i l a r   to  t h a t   o f  

r i n g   77  h a v i n g   a  c y l i n d r i c a l   w a l l   body  84  w h i c h   i s  

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

h o l d e r   w a l l   37.   The  o u t e r   c y l i n d r i c a l   p o r t i o n   85  o f  

r i n g   78  i s   f o r m e d   w i t h   a  o u t w a r d l y   e x t e n d i n g   V - s h a p e d  

c o n f i g u r a t i o n   86.   E d g e s   87  of  body  p o r t i o n   85  fo rm  a n  

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

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

a n g l e   c o r n e r   88  as   shown  in  FIG.   1 4 .  

O t h e r   work   r i n g   c o n f i q u r a t i o n s   can   be  p r o v i d e d  

f o r   s p e c i f i c   t y p e s   of  s u r f a c e   to  be  a b r a s i v e l y   c l e a n e d .  

For   e x a m p l e ,   a  s e m i c i r c u l a r   c o n f i g u r a t i o n   of  a  p r e -  

d e t e r m i n e d   s i z e   d i a m e t e r   wou ld   be  u s e d   f o r   c l e a n i n g   c y -  

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

t o   m a t c h   t h a t   of   work   s u r f a c e .   The  p a r t i c u l a r   w o r k  

r i n g s   shown  in  t he   d r a w i n g s   and  i n d i c a t e d   by  the   n u m e r a l s  

47,   77,  and   78  a r e   o n l y   t h r e e   e x a m p l e s   of   s u c h   work  r i n g  

c o n f i g u r a t i o n s .  

I m p r o v e d   a b r a s i v e   c l e a n i n g   d e v i c e   1  has   a  n u m b e r  

of  f e a t u r e s   and   a d v a n t a g e s   not   b e l i e v e d  p r e s e n t   i n  

e x i s t i n g   d e v i c e s .   In  a c c o r d a n c e   w i t h   one  o f   the   m a i n  

f e a t u r e s   o f   t h e   i n v e n t i o n ,   d e v i c e   1  r e c o v e r s   n e a r l y   a l l  

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

n o z z l e   13  and   i m p i n g e d   a g a i n s t   a  s u r f a c e   b e i n g   c l e a n e d  

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



T h e s e   p a r t i c l e s   a r e   r e t a i n e d   w i t h i n   t h e   work  r i n q   a n d  

vacuum  cone   20  and  a r e   r e m o v e d   t h e r e f r o m   t h r o u g h   e x h a u s t  

t u b e   31  p r e v e n t i n g   them  f rom  e s c a p i n g   i n t o   the   s u r -  

r o u n d i n g   a t m o s p h e r e   as  w i t h   p r i o r   p r e s s u r i z e d   a b r a s i v e  

c l e a n i n g   d e v i c e s .   The  s p e n t   a b r a s i v e   p a r t i c l e s   a n d  

d e b r i s   c l e a n e d   f r o m   t h e   s u r f a c e   e n t e r   l i n e   8  and  a r e  

c o l l e c t e d   in  e x h a u s t   t a n k   and  f i l t e r   u n i t   9.  The  r e -  

c a p t u r e d   a b r a s i v e   p a r t i c l e s   t hen   may  be  f i l t e r e d   a n d  

c l e a n e d   and  r e t u r n e d   to  s u p p l y   h o p p e r   3  f o r   r e u s e   w h i c h  

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

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

w h i c h   a r e   r e l a t i v e l y   e x p e n s i v e .   More  i m p o r t a n t l y ,   t h a n  

t h e   c o s t   s a v i n g s   a c h i e v e d   by  the  r e u s e   of  the   a b r a s i v e  

p a r t i c l e s ,   is   t he   e l i m i n a t i o n   of  the   p a r t i c l e s   e n t e r i n g  

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

n e a r b y   e q u i p m e n t   or  l a n d s c a p e   and  w i t h   t he   r e s u l t i n g  

p o l l u t i o n   p r o d u c e d   t h e r e b y .  

A n o t h e r   i m p o r t a n t   f e a t u r e   is   t he   r e t a i n i n g  

of  an  e x t r e m e l y   e f f i c i e n t ,   e f f e c t i v e   and  r e l a t i v e l y   l a r g e  

b l a s t   p a t t e r n   by  b l a s t   t u b e   15  as  t he   p a r t i c l e s   a r e  

e j e c t e d   f rom  n o z z l e   13  and  c a r r i e d   a l o n g   b l a s t   t u b e   15 

and  i m p i n g e d   a g a i n s t   a  s u r f a c e   the  p r e s s u r i z e d   a i r .   T h e  

s i z e   of  the   b l a s t   p a t t e r n   is  a d j u s t a b l e  b y   t h e   d i s t a n c e  

t h a t   t he   o u t l e t   end  of  t h e   n o z z l e   is   s p a c e d   r e w a r d l y  

f rom  t he   o u t e r   end  of  b l a s t   t ube   15.  T h i s   s p a c i n g   i s  

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

e f f i c i e n t   s i z e   j u s t   b e y o n d   the   end  o f  b l a s t   t u b e   15.  T h i s .  
e l i m i n a t e s   e x c e s s i v e   a b r a s i v e   a c t i o n   and  w e a r   on  t h e  

end  of  t u b e   15  w h i l e   p r o v i d i n g   the   l a r g e s t  m o s t   e f f i -  

c i e n t   b l a s t   p a t t e r n   s i z e   for   s t r i k i n g   s u r f a c e  1 0 .   B l a s t  

t u b e   15  m a i n t a i n s   t he   b l a s t   p a t t e r n   a f t e r   i t   l e a v e s  

n o z z l e   13  by  p r e v e n t i n g   i t s   d e s t r u c t i o n   or  d i s t u r b a n c e  

as  i t   p a s s e s   t h r o u g h   the   vacuum  c h a m b e r   w i t h i n   v a c u u m  

c o n e   2 0 .  



A n o t h e r   a d v a n t a g e   is  t he   m o u n t i n g   of  t he   w o r k  

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

36.  G i m b a l   36  t o g e t h e r   w i t h   f l e x i b l e   e x h a u s t   d u c t   48 

e n a b l e s   t h e   work  r i n g   to  f o l l o w   t he   c o n t o u r   of  t h e   s u r -  

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

work   on  t h e   o p e r a t o r s   p a r t .   The  o p e r a t o r   m e r e l y   r o l l s  

or   m o v e s   t h e   c l e a n i n g   d e v i c e   1  a l o n g   the   work   s u r f a c e  

and   t h e   g i m b a l   m o u n t i n g   of   t h e   work  r i n g   a u t o m a t i c a l l y  

e n a b l e s   t h e   work  r i n g   to   f o l l o w   the   c o n t o u r   o f   t h e   s u r -  

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

a s s e m b l i e s   53  w h i c h   r e d u c e   c o n s i d e r a b l y   the   f a t i g u e  

e x e r t e d   on  t h e   o p e r a t o r   s i n c e   much  of  t he   w e i g h t   i s  

s u p p o r t e d   by  or  e x e r t e d   on  r o l l e r   a s s e m b l i e s   5 3 .  

R o l l e r   a s s e m b l i e s   53  a l s o   m a i n t a i n   the   d e s i r e d  

c o n t a c t   or  s p a c i n g   of  t h e   o u t e r   work  e n g a g i n g   s u r f a c e   o f  

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

A l t h o u g h   a n n u l a r   or  V - s h a p e d   e d g e s   of  t he   work  r i n g s  

a r e   r e f e r r e d   to   as  t he   c o n t a c t   work  e n g a g i n g   s u r f a c e s  

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

t h e   s u r f a c e   b e i n g   c l e a n e d .   P r e f e r a b l y   a  s p a c i n g   of  a p -  

p r o x i m a t e l y   1 / 3 2   i n c h   i s   m a i n t a i n e d   b e t w e e n   t h e   o u t e r  

e d g e s   of  t h e   work  r i n g   and  t h e   s u r f a c e .   T h i s   s m a l l  

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

20  f r o m   a r o u n d   t he   work  r i n g   e d g e s   and  i n t o   t h e   v a c u u m  

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

and  p r o v i d i n g   t h e   makeup   a i r .   For  e x a m p l e ,   an  a i r f l o w  

of  200  cfm  may  be  e m i t t e d   t h r o u g h   n o z z l e   13  and  400  c f m  

r e m o v e d   t h r o u g h   e x h a u s t   l i n e   8.  T h i s   i n r u s h   of  a i r  

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

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

a t m o s p h e r e .  

The  a d j u s t a b l e   f e a t u r e   of  r o l l e r   a s s e m b l i e s   53 

e n a b l e s   t h i s   s p a c i n g   to  be  m a i n t a i n e d   at  the   d e s i r e d  

d i s t a n c e   as  t h e   s u r f a c e   b e i n g   c l e a n e d   i s   worn  down  b y  



t he   a b r a s i v e s .  

S t i l l   a n o t h e r   f e a t u r e   of  the   i n v e n t i o n   is  t h e  

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

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

r o l l e r s   f rom  b i n d i n g   on  t h e i r   m o u n t i n g   s h a f t s   e v e n  

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

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

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

w i t h s t a n d   t h e   a b r a s i v e   a c t i o n   e x e r t e d   on  t he   i n t e r i o r  

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

a l o n g   by  t h e   a i r   p r e s s u r e   e n t e r i n g   t h r o u g h   l i n e   4 .  

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

c l e a n i n g   d e v i c e   is  s i m p l i f i e d ,   p r o v i d e s   an  e f f e c t i v e ;  

s a f e ,   i n e x p e n s i v e ,   and  e f f i c i e n t   d e v i c e   w h i c h   a c h i e v e s  

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

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

p r o b l e m s   and  o b t a i n s   new  r e s u l t s   in  t he   a r t .  

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

been   u s e d   for   b r e v i t y ,   c l e a r n e s s   and  u n d e r s t a n d i n g :   b u t  

no  u n n e c e s s a r y   l i m i t a t i o n s   a r e   to  be  i m p l i e d   t h e r e f r o m  

b e y o n d   t he   r e q u i r e m e n t s   of  t he   p r i o r   a r t ,   b e c a u s e   s u c h  

t e r m s   a r e   u s e d   fo r   d e s c r i p t i v e   p u r p o s e s   and  a r e   i n t e n d e d  

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

M o r e o v e r ,   the   d e s c r i p t i o n   and  i l l u s t r a t i o n   of  t h e  

i n v e n t i o n   i s   by  way  of  e x a m p l e ,   and  t he   s c o p e   of  t h e  

i n v e n t i o n   i s   no t   l i m i t e d   to   t h e   e x a c t   d e t a i l s   shown  o r  
d e s c r i b e d .  

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

and  p r i n c i p l e s   of  the   i n v e n t i o n ,   the   m a n n e r   in  w h i c h   t h e  

i m p r o v e d   p r e s s u r i z e d   a b r a s i v e   c l e a n i n g   d e v i c e   i s   c o n -  

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

and  t h e   a d v a n t a g e o u s ,   new  and  u s e f u l   r e s u l t s   o b t a i n e d ;  

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

a p p e n d e d   c l a i m s .  



1.  An  i m p r o v e d   p r e s s u r i z e d   a b r a s i v e   c l e a n i n g  

d e v i c e   (1)  i n c l u d i n g :  

a)  a  h o u s i n g   (14)  h a v i n g   a  v a c u u m   c h a m b e r   ( 3 0 )  

f o r m e d   t h e r e i n ;  

b)  a  b l a s t   t u b e   (15)  h a v i n g   i n l e t   and  o u t l e t  

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

c h a m b e r ;  

c)  a  n o z z l e   (13)  h a v i n g   i n l e t   and  o u t l e t   e n d s  

m o u n t e d   w i t h i n   t h e   h o u s i n g   w i t h   s a i d   o u t l e t   end  e x -  

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

t h e   b l a s t   t u b e   t o w a r d   t h e   o u t l e t   end  of  s a i d   t u b e ,   a n d  

w i t h   t h e   i n l e t   end  of  t h e   n o z z l e   b e i n g   a d a p t e d   to   b e  

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

a b r a s i v e   p a r t i c l e s ;  

d)  work   r i n g   means   ( 3 5 , 4 7 )   m o u n t e d   on  t h e   o u t e r  

end  o f   t h e   h o u s i n g   f o r   m o v e m e n t   a l o n g   a  s u r f a c e   ( 1 0 )  

to   be  a b r a s i v e l y   c l e a n e d ;   a n d  

e)  e x h a u s t   t u b e   means   (31)  c o m m u n i c a t i n g   w i t h  

t h e   v a c u u m   c h a m b e r   and  a d a p t e d   to   be  c o n n e c t e d   to  a  

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

and  d e b r i s   t r a p p e d   w i t h i n   t h e   work  r i n g   means   a n d  

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

p h e r e .  

2.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   1,  in  w h i c h   g i m b a l   means   (36)  m o v a b l y   m o u n t s  

t h e   work   r i n g   m e a n s   on  t h e   o u t e r   end  of   t h e   h o u s i n g .  



3.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   2,  in  w h i c h   t h e   work  r i n g   means   i n c l u d e s   a  w o r k  

r i n g   h o l d e r   (35)  and  a  work  r i n g   (47)  m o u n t e d   on  s a i d  

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

r i n g   ( 4 1 ) ,   a  f i r s t   p a i r   of  m o u n t s   (42)  p i v o t a l l y   m o u n t -  

i ng   t h e   g i m b a l   r i n g   on  t h e   o u t e r   end  of  t h e   h o u s i n g ,  

and  a  s e c o n d   p a i r   of   m o u n t s   (44)   p i v o t a l l y   m o u n t i n g  

t h e   work  r i n g   h o l d e r   on  t h e   g i m b a l   r i n g .  

4.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   3,  in   w h i c h   t h e   work  r i n g   h o l d e r   i n c l u d e s   a  

c y l i n d r i c a l   w a l l   (37)  w i t h   an  a n n u l a r   f l a n g e   ( 3 8 )  

e x t e n d i n g   r a d i a l l y   i n w a r d l y   f rom  an  i n n e r   end  t h e r e o f ;  

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

has   a  c y l i n d r i c a l   s h a p e d   body  p o r t i o n   (72)  w h i c h   i s  

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

r i n g   h o l d e r ;   in   w h i c h   an  i n n e r   e d g e   (75)  of  t h e   w o r k  

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

w a l l   to  p o s i t i o n   t h e   work  r i n g   w i t h i n   t h e   work  r i n g  

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

o u t e r   edge   (74)  s h a p e d   to   m a t c h   t h e   g e n e r a l   c o n t o u r  

of  a  s u r f a c e   b e i n g   c l e a n e d .  

5.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   3,  in  w h i c h   t h e   work  r i n g   i s   f o r m e d   w i t h   an  o u t e r  

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

s u r f a c e   b e i n g   c l e a n e d ;   and  in  w h i c h   t h e   o u t e r   edge   o f  

t h e   work  r i n g   i s   a  f l a t   a n n u l a r   s u r f a c e   ( 7 4 ) .  

6.  The  a b r a s i v e  c l e a n i n g   d e v i c e   d e f i n e d   i n  

C la im   3,  in  w h i c h   t h e   work  r i n g   i s   f o r m e d   w i t h   an  o u t e r  

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

s u r f a c e   b e i n g   c l e a n e d ;   and  in  w h i c h   t h e   o u t e r   edge   o f  

the   work  r i n g   has   an  i n w a r d l y   e x t e n d i n g   V - s h a p e d   c o n -  

f i g u r a t i o n   (82)  f o r   use   in  c l e a n i n g   o u t e r   g e n e r a l l y  

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



7.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   3,  in   w h i c h   t h e   work   r i n g   is   f o r m e d   w i t h   an  o u t e r  

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

s u r f a c e   b e i n g   c l e a n e d ;   and  in   w h i c h   t h e   o u t e r   edge   o f  

t h e   work   r i n g   has   an  o u t w a r d l y   e x t e n d i n g   V - s h a p e d   c o n -  

f i g u r a t i o n   (86)  f o r   u se   in  c l e a n i n g   i n n e r   g e n e r a l l y  

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

8.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   3,  in   w h i c h   a  f l e x i b l e   vacuum  d u c t   (48)  i s  

m o u n t e d   on  and  e x t e n d s   b e t w e e n   t h e   work  r i n g   h o l d e r  

(35)  and   a  v a c u u m   c o n e   (80)  to   p r o v i d e   a  g e n e r a l l y  

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

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

9.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   1,  i n   w h i c h   r o l l e r   m e a n s   i s   m o u n t e d   on  t h e   w o r k  

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

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

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

i n c l u d e s   a  p a i r   of  r o l l e r   a s s e m b l i e s   (53)  m o u n t e d   d i a -  

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

m e a n s ;   and  in   w h i c h   t h e   r o l l e r   a s s e m b l i e s   a r e   a d j u s t -  

a b l y   m o u n t e d   on  t h e   work   r i n g   means   f o r   a d j u s t i n g   t h e  

s p a c i n g   b e t w e e n   s a i d   work   r i n g   means   and  t h e   s u r f a c e  

b e i n g   c l e a n e d .  

.10.   The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   9,  in   w h i c h   e a c h   of  t h e   r o l l e r   a s s e m b l i e s   i n c l u d e s  

a  p l u r a l i t y   of   r o l l e r s   (55)  r o t a t a b l y   m o u n t e d   on  a  

s h a f t   ( 5 6 ) ;   in   w h i c h   t h e   r o l l e r   s h a f t   i s   p i v o t a l l y  

m o u n t e d   w i t h   r e s p e c t   to   t h e   work  r i n g   m e a n s ;   in   w h i c h  



s p r i n g   means   (64)  b i a s   t he   r o l l e r s   t o w a r d   a  r e t r a c t e d  

p o s i t i o n ;   in  w h i c h   t h e   r o l l e r s   a r e   f o r m e d   w i t h   a  
c e n t r a l   b o r e   (66)  t h r o u g h   w h i c h   the   s h a f t   e x t e n d s  

f o r   r o t a t a b l y   m o u n t i n g   t he   r o l l e r s   t h e r e o n ;   and  i n  

w h i c h   a  p l u r a l i t y   of  r a d i a l l y   e x t e n d i n g   s l o t s   ( 6 7 )  

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

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

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

in  t h e   r o l l e r   b o r e .  

11.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   10,  in  w h i c h   e a c h   of  t h e   r o l l e r   s h a f t s   i s   m o u n t e d  

on  a  b r a c k e t   ( 5 8 ) ;   in   w h i c h   s a i d   b r a c k e t   i s   p i v o t a l l y  

m o u n t e d   on  t h e   work   r i n g   means   by  a  p i v o t   s h a f t   ( 6 5 ) ;  

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

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

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

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

12.   The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   1,  in  w h i c h   t h e   n o z z l e   i s   a  v e n t u r i   s t y l e   n o z -  

z l e ;   and  in  w h i c h   t h e   o u t l e t   end  of  t h e   n o z z l e   t e r m i -  

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

o u t l e t   end  of  t h e   b l a s t   t u b e .  

13.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m   1,  in  w h i c h   t h e   b l a s t   t u b e   i s   a  c y l i n d r i c a l   s h a p e d  

t u b e   w h i c h   e x t e n d s   b e y o n d   t h e   o u t l e t   end  of   t h e   n o z z l e  

and  t e r m i n a t e s   c o n c e n t r i c a l l y   w i t h i n   t h e   work  r i n g   m e a n s  

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

work  edge   of  t h e   work   r i n g   m e a n s .  



14.  The  a b r a s i v e   c l e a n i n g   d e v i c e   d e f i n e d   i n  

C l a i m  1 3   in  w h i c h   t h e   o u t l e t   end  of  t h e   b l a s t   t u b e  

t e r m i n a t e s   a p p r o x i m a t e l y   10  1/2  i n c h e s   b e y o n d   t h e  

o u t l e t   end   of   t h e   n o z z l e   and  t e r m i n a t e s   a p p r o x i m a t e l y  

1  1 /2   i n c h e s   r e a r w a r d l y   of  an  o u t e r   work  edge   of  t h e  

work   r i n g   m e a n s .  
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