
(19) 

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 6 6   0 0 7  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81108230.4 

©  Date  of  filing:  12.10.81 

©  int.  ci.3:  B  24  B  31 /06  

©  Priority:  29.05.81  IT  2205381  ©Applicant:  ROLLWASCH  ITALIAIMA  S.p.A. 
Via  Palestro,  4 
1-20121  Milano(IT) 

©  Date  of  publication  of  application  : 
08.12.82  Bulletin  82/49  ©  Inventor:  Pivk,  Giuseppe 

Via  Cesare  Battisti,  66 
©  Designated  Contracting  States:  I-20052  Monza(IT) 

AT  BE  CH  DE  FR  GB  LI  LU  NL  SE 
©  Inventor:  Colombo,  Giovanni 

Via  Garibaldi,  15 
1-20048  Carate  Brianza(IT) 

©  Representative:  Modiano,  Guido  et  al, 
MODiANO  &  ASSOCIATI  S.A.S.  Via  Meravigli,  16 
1-20123  Milan(IT) 

10 S4 
2t 

o  
o  

CD 
(O 
o  

©  Method  and  apparatus  for  vibrating  mass  treatment  of  metal  surfaces  in  a  continuous  cycle  of  controllable  treatment 
time. 

Method  and  apparatus  for  vibrating  mass  treatment  of 
metal  surfaces,  comprising  finishing  means  forming, 
together  with  the  workpieces  being  treated,  an  incoherent 
mass  which  is  caused  to  advance  along  a  preset  path  (A)  at 
the  end  whereof  the  separation  of  the  treated  workpieces 
from  the  finishing  means  is  effected  and  the  finishing  means 
are  cycled  back. 

To  control  the  duration  of  the  treatment  cycle,  a 
controlled  portion  of  the  finishing  means  is  introduced  into 
the  path  (A)  at  one  or  more  locations  (25)  in  a  zone 
downstream  at  a  distance  from  the  beginning  zone  (8)  of  the 
cycle  to  form  a  weir  counterhead  and  slow  down  the 
advancing  incoherent  mass  upstream. 



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

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

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

t i m e .  

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

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

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

t e n   y e a r s .   The  b a s i c   f e a t u r e s   of  t h a t   t e c h n i q u e   a r e  

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

e x a m p l e ,   U n i t e d   S t a t e s   P a t e n t   No.  3 , 0 7 1 , 9 0 0   may  b e  

r e f e r r e d   t o .  

One  of  t h e   p r o b l e m s   y e t   to  be  s o l v e d   i n   a  

s a t i s f a c t o r y   way,   w i t h   t h e   a b o v e   t e c h n i q u e ,  i s   t h e  

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

c y c l e .  

As  i s   k n o w n ,   t h a t   t i m e   d u r a t i o n   i s   d e p e n d e n t   o n  

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

p a t h ,   t h e   i n t e n s i t y   and   n a t u r e   of  t he   v i b r a t i o n s ,   t h e  

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

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

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

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

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

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

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

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

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

The  a b i l i t y   to  c o n t r o l   t h e   c o n t i n u o u s   c y c l e  

t r e a t m e n t   d u r a t i o n   i s   a  much  f e l t   n e e d ,   s i n c e   i t   i s  



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

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

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

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

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

d u r a t i o n   of   t h e   t r e a t m e n t   can   be  c o n t r o l l e d   i n   a n  

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

t h e   c o n s t r u c t i o n   and   o p e r a t i o n   c o s t s ,   and   w h i c h   c a n  

be  r e a d i l y   a p p l i e d  t o   e x i s t i n g   p l a n t s .  

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

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

C l a i m   1  of  t h e   a p p e n d e d   c l a i m s   w h i c h   f o r m s   an  i n t e g r a l  

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

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

m e t h o d   i s   d e f i n e d   i n   t h e   c l a i m s   f o l l o w i n g   C l a i m   1 ,  

and   a l s o   f o r m i n g   an   i n t e g r a l   p a r t   of   t h i s   A p p l i c a t i o n .  

I t   w i l l   be  a p p r o p r i a t e   to  make  c l e a r   t h a t   t h e  

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

of   v i b r a t i n g   mass   t r e a t m e n t   of   m e t a l   s u r f a c e s  i n  

c o n t i n u o u s   c y c l e   m a c h i n e s ,   n a m e l y   t h e   one  w h e r e  

" r o l l a b l e "   f i n i s h i n g   b o d i e s   a r e   u t i l i z e d   i n   t h a t   t h e y  

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

" n o n   r o l l a b l e "   f i n i s h i n g   b o d i e s   a r e   u s e d   h a v i n g  

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

The  i n v e n t i o n   w i l l   be  more  f u l l y   d e s c r i b e d   w i t h  

r e f e r e n c e   to   one  p o s s i b l e   e m b o d i m e n t   t h e r e o f   i n   t h e  

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

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



a c c o m p a n y i n g   d r a w i n g ,   w h e r e :  

F i g u r e   1  i s   an  e l e v a t i o n   v i e w   of  a  m a c h i n e  

w h i c h   i m p l e m e n t s   t he   i n v e n t i v e   m e t h o d ;  

F i g u r e   2  i s   a  p l a n   v i e w   of  t he   s a m e ;  

F i g u r e   3  i s   a  l o n g i t u d i n a l   s e c t i o n   v i e w   of   t h e  

v i b r a t i n g   t a n k ;  

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   t r o u g h ;  

a n d  

F i g u r e   5  i s   an  e n l a r g e d   s c a l e   d e t a i l   v i e w   i n  

p e r s p e c t i v e .  

The  m a c h i n e   w h i c h   i m p l e m e n t s   t h e   i n v e n t i v e  

m e t h o d   c o m p r i s e s   a  t r o u g h   1,  w h i c h   i s   g e n e r a l l y  

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

2  and   3 .  

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

s h a p e   i n   i t s  u p p e r   p o r t i o n ,   and   a  s u b s t a n t i a l l y  

s e m i - c y l i n d r i c a l   one  i n   i t s   l o w e r   p o r t i o n .   I t   i s  

f u r t h e r   c o n f i g u r e d w i t h   a  s p o u t - l i k e   o u t l e t   end   4  

d e f i n e d   by  a  r a m p - l i k e   i n c l i n e d   p o r t i o n  5   of  t h e  

t r o u g h   b o t t o n .  6   ( F i g u r e   3 ) .   The  t r o u g h   1  i s   c a r r i e d  

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

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

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

f u r t h e r   d i s c u s s e d   h e r e i n .  

The  w o r k p i e c e s   to  be  t r e a t e d   a r e   i n t r o d u c e d   a t  

9,  t h r o u g h   t h e   i n l e t   end  8  of  t h e   t r o u g h .   L o c a t e d   a t  

s a i d   i n l e t   end   8  of  t h e  t r o u g h ,   t h e r e   i s   p r o v i d e d  

a  h o p p e r   10  f o r   i n t r o d u c i n g   i n t o   t h e   t r o u g h   f i n i s h i n g  

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



" r o l l a b l e "   f i n i s h i n g   b o d i e s ,   and   nore   s p e c i f i c a l l y  

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

t h e   1 . 6   to   6 . 5   mm  r a n g e .   Fo r   a  more   e f f e c t i v e   t r e a t m e n t ,  

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

a s s o r t m e n t   of  b a l l s   of  v a r i o u s   s i z e s .   The  h o p p e r   1 0  

i s   c o n n e c t e d   to  an  a u g e r   t y p e   of   c o n v e y o r   11  e f f e c t i v e  

to  r e - c y c l e   t h e   f i n i s h i n g   b a l l s .   The  c o n v e y o r   i s  

d r i v e n   by   a n  e l e c t r i c   m o t o r   12  and   i s   s e t   to  s l o p e  

d o w n w a r d l y   t o w a r d   t h e   t r o u g h   o u t l e t   end  4.  T h e  

t e r m i n a t i n g   p o r t i o n   13  of  t he   c o n v e y o r   o v e r l i e s   t h e  

h o p p e r   10,   w h e r e a s   t h e   i n i t i a l   p o r t i o n   14  t h e r e o f  

i s   a r r a n g e d   w i t h   i t s   h o p p e r   15  b e l o w   t h e   s c r e e n   1 6  

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

w o r k p i e c e s .   T h i s   s c r e e n   16  i s   a l s o   a r r a n g e d   to  v i b r a t e ,  

and   p r o v i d e d   w i t h   a  s p r i n g   s u s p e n s i o n   17  and   v i b r a t i o n  

g e n e r a t o r   18 .   I t   i s   f u r t h e r   p r o v i d e d   w i t h   a  s c r e e n i n g  

s u r f a c e   19  f o r m e d   w i t h   a  s u i t a b l e   mesh   s i z e   to  l e t   t h e  

b a l l s   t h r o u g h   and   w i t h h o l d   the   t r e a t e d   w o r k p i e c e s .   T h e  

l a t t e r   a r e   c a u s e d   to  a d v a n c e   t o w a r d   t h e   o u t l e t   20  o f  

t h e   s c r e e n   w h e r e f r o m   t h e y   a r e ' c o l l e c t e d   w h i l e   t h e   b a l l s  

f a l l   a l o n g   t h e   i n c l i n e d   c h u t e - l i k e   s u r f a c e   21  i n t o  

t h e   h o p p e r   15  of   t h e   a u g e r   c o n v e y o r   11,   w h i c h   w i l l   m o v e  

t h e m   t o w a r d   i t s   t e r m i n a t i n g   u p p e r   end   13  f o r   r e - c y c l i n g .  

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

i n   a  c o n v e n t i o n a l   m a n n e r   f o r   t h e   a r t .   A f t e r   f i l l i n g  

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

b a l l s   i n   a  p r e s e t   o p t i m u m   p r o p o r t i o n   and   up  to   a  

p r e s e t   l e v e l   d e p e n d e n t   a l s o   on  t h e   e d g e   22  of  t h e  

t r o u g h   d i s c h a r g e   s p o u t   4,  t he   v i b r a t o r y   m o t i o n   i s  

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



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

a d v a n c i n g   i n   t h e   d i r e c t i o n   of  t he   a r r o w   A  as   f a r   a s  

t h e   d i s c h a r g e   s p o u t   4,  w h e n c e   the   v i b r a t i n g  m a s s   i s  

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

by  t h e   c o r n e r   edge   22  and  o n t o   t he   s c r e e n i n g   d e c k   19  

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

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

p i e c e s   b e i n g   t h e n   p i c k e d   up  and  t h e   b a l l s   c y c l e d   b a c k  

t h r o u g h   t h e   a u g e r   c o n v e y o r   1 1 .  

The  c o n t i n u o u s   c y c l e   i s   t h e n   c o n t i n u e d   w i t h  

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

c o n v e y o r   11  and   t h r o u g h   t h e   h o p p e r  1 0 ,   i n t o   t h e   i n i t i a l  

p o r t i o n   or   l e a d i n g   p o r t i o n   of  t h e   t r o u g h   1,  as   w e l l   a s  

t h e   i n t r o d u c t i o n   t h e r e i n   of  f r e s h   w o r k p i e c e s   to  b e  

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

t h u s   r e s u m e   t h e   t r e a t m e n t   c y c l e   j u s t   d e s c r i b e d .  

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

of   t h e   t r e a t m e n t   c y c l e   i s   to  be  v a r i e d ,   t h a t   i s   t h e  

d u r a t i o n   of  t h e   a v e r a g e   t i m e   r e q u i r e d   f o r   a n  a v e r a g e  

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

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

v a r i e d ,   b e c a u s e   some  w o r k p i e c e s   w o u l d   r e q u i r e   d i f f e r e n t  

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

I t   h a s   b e e n   f o u n d   t h a t   t h i s   d u r a t i o n   c an   b e  

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

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

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

o u t l e t   p o r t i o n .  

T h i s   a m o u n t   t a k e n   f r o m   t he   mass   of  r e - c y c l e d  

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



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

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

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

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

i n   t h e   p r o x i m i t y   of   t h e   t r o u g h   o u t l e t   p o r t i o n .  

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

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

i n v e n t i o n ,   a  d i s t r i b u t o r   24  i s   a r r a n g e d   a t   t h e   o u t l e t  

o p e n i n g   of  t h e   h o p p e r   10  f o r   r e - i n t r o d u c i n g   t h e  

f i n i s h i n g   b a l l s  i n t o   t h e   c y c l e .   T h i s   d i s t r i b u t o r   2 4 .  

c o m p r i s e s   a  g a t e d   d i v e r t i n g   m e c h a n i s m   23  ( F i g u r e   5 )  

w h i c h   i s   a s s o c i a t e d   w i t h   a  d u c t   or   c h a n n e l   2 6  

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

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

s l i d a b l e   w i t h i n   l i m i t s   to  e n a b l e   t h e   l i p   g a t e   to  b e  

i n s e r t e d   to  a  g r e a t e r   or   l e s s e r   e x t e n t   i n t o   t h e   h o p p e r  

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

b a l l s   c a n   be  d i v e r t e d   t o w a r d   t h e   d u c t   26 .   T o w a r d   t h e  

o p p o s i t e   e n d ,   t h e   d u c t   26  i s   f o r m e d   on  t h e   b o t t o m  

w i t h   one  or   more   o p e n i n g s   25  o v e r l y i n g   a n d   p r o x i m a t e  

t h e   o u t l e t   z o n e   of  t h e  t r o u g h ,  w h e r e  t h r o u g h   t h e   d i v e r t e d  

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

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

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

u p s t r e a m .  

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

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

h e r e   b e l o w .  

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

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



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

t h e   m a c h i n e   s t a n d a r d ,   t h e   d u c t   26  i s   s l i d   a x i a l l y   t o -  

w a r d   t he   h o p p e r   10,   s u c h   t h a t   t h e   d i v e r t i n g   m e c h a n i s m  

23  can   p e n e t r a t e   to  a  c e r t a i n   e x t e n t   t h e   i n t e r i o r   o f  

t h e   p a s s a g e   d e f i n e d   by  t h e   h o p p e r   10,  as   may  be  s e e n ,  

f o r   i n s t a n c e ,   i n   F i g u r e   3.  T h u s ,   a  p a r t   of  t h e  

f i n i s h i n g   b a l l s   w i l l   f a l l   i n t o   t h e   l e a d i n g   or   i n i t i a . l  

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

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

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

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

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

e x e r t e d   on  t h e   w o r k p i e c e s   to  be  t r e a t e d ,   w h i c h   a r e  

more   a f f e c t e d   by  t h e   i n f l o w   of  t h e   b a l l   m a s s   i n t r o d u c e d  

i n t o   t h e   o u t l e t   z o n e   of   t h e   t r o u g h   and   f o r m i n g   t h e  

c o u n t e r h e a d .   I t   h a s   b e e n   f o u n d   t h a t   as   t h e   a m o u n t   o f  

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

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

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

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

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

w i t h   a d e q u a t e   a c c u r a c y .   Of  c o u r s e ,   t h e   f i n i s h i n g  

b a l l s   to   w o r k p i e c e s   to  be  t r e a t e d   r a t i o   w i l l   b e  

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

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

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

t a k e s   t h e  f i n i s h i n g   m e a n s   up  to  a  l e v e l   a b o v e   t h e  

t r o u g h   and   to   t h e   t e r m i n a t i n g   p o r t i o n   t h e r e o f ,   w h e r e  

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

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



by  t h e   b e l t   e l e v a t o r ,   and   w h i c h   t h e n   c o n v e y s   t h e  

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

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

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

o v e r l y i n g   t h e   o u t l e t   end   of   t h e  t r o u g h   a r e   p r o v i d e d  

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

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

end  t h e r e o f ,   w h e r e a s   t h e   r e m a i n i n g   p a r t   of  t h e  

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

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

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

u t i l i z i n g   s h a r p   e d g e d   f i n i s h i n g   m e a n s   as   w e l l .  

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

t h a t   t h e   o b j e c t s   s e t   f o r t h   a r e   f u l l y   a c h i e v e d   by  t h e  

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

i s   more   c o n v e n i e n t l y   s p e c i f i e d   i n   t h e   a p p e n d e d  

c l a i m s .  



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

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

t r e a t m e n t   c y c l e ,   a t   a  s t a r t i n g   z o n e   (8 )   of  t h e  c y c l e ,  

w o r k p i e c e s   to  be  t r e a t e d   and   f i n i s h i n g   m e a n s   f o r m i n g  

t o g e t h e r   w i t h   t h e   w o r k p i e c e s   an  i n c o h e r e n t   mass   w h i c h  

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

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

m a s s   a d v a n c e   a c t i o n   c o m p o n e n t ,   t h e   a c t i o n   of  s a i d  

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

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

i n c o h e r e n t   m a s s   o n w a r d s   a l o n g   a  p r e s e - t   p a t h   (A)  a t  

t h e   end  (4)   w h e r e o f   t h e   f i n i s h e d   w o r k p i e c e s   a n d  

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

b e i n g   d i s c h a r g e d   and   t h e   f i n i s h i n g   m e a n s   c y c l e d   b a c k ,  

c h a r a c t e r i z e d   i n   t h a t   a  c o n t r o l l e d   p a r t   of  t h e  

f i n i s h i n g   m e a n s   a r e   l e t   i n t o   s a i d   p a t h   ( A )  a t   one  o r  

more   l o c a t i o n s   ( 2 5 )   i n   a  z o n e   d o w n s t r e a m   of  t h e   c y c l e  

r e m o t e   f r o m   t h e   s t a r t i n g   z o n e   (8)   to  f o r m   a  c o u n t e r -  

h e a d   e f f e c t i v e   to  s l ow   down  t h e   a d v a n c e   m o v e m e n t   o f  

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

2.  A  m a c h i n e   i m p l e m e n t i n g   t h e   m e t h o d   a c c o r d i n g  

to   C l a i m   1,  c o m p r i s i n g   a  v i b r a t i n g   t r e a t m e n t   t r o u g h   ( 1 )  

d e f i n i n g   a  t r e a t m e n t   p a t h   (A) ,   t h e   t r o u g h   (1)  h a v i n g  

an  i n l e t   p o r t i o n   (8)   and   an  o u t l e t   p o r t i o n   (5)  f o r  

t h e   i n c o h e r e n t   t r e a t m e n t   m a s s ,   m e a n s   ( 1 0 )   f o r  

i n t r o d u c i n g   s a i d   f i n i s h i n g   m e a n s   i n t o   s a i d   t r o u g h   ( 1 ) ,  

i n   t he   z o n e   o f ' t h e   i n l e t   p o r t i o n   (8)   t h e r e o f   f o r  

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

t h e r e i n t o ,   t r e a t m e n t   m a s s   d i s c h a r g i n g   m e a n s   ( 2 1 )  



l o c a t e d   a t   t h e   o u t l e t   p o r t i o n   (4)   of  t he   t r o u g h   ( 1 ) ,  

m e a n s   ( 1 9 )   f o r   s e p a r a t i n g   t h e   f i n i s h i n g   m e a n s   f r o m  

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

f i n i s h i n g   m e a n s ,   and  v i b r a t i o n   g e n e r a t o r s   ( 1 8 )   f o r  

t h e   m a s s   b e i n g   t r e a t e d ,   c h a r a c t e r i z e d   i n   t h a t   i t  

f u r t h e r   c o m p r i s e s   c o n v e y o r   m e a n s   (23 ,   26)  f o r  

i n t r o d u c i n g   s a i d   f i n i s h i n g   m e a n s   i n t o   s a i d   t r o u g h   ( 1 )  

i n   one   o r   more   l o c a t i o n s   i n   a  z o n e   d o w n s t r e a m   of   t h e  

t r o u g h   (1)   i n l e t   p o r t i o n   z o n e   (8)   and  r e m o t e   t h e r e f r o m .  

3.  A  m a c h i n e   a c c o r d i n g   to   C l a i m   2,  c h a r a c t e r i z e d  

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

(26)   a r r a n g e d   to  o v e r l i e   s a i d   t r e a t m e n t   t r o u g h   ( 1 )  

and  h a v i n g   one  ( 2 3 )   end   a r r a n g e d   to  f a c e   t h e   i n t r o d u c t i o n  

m e a n s   ( 1 0 )   f o r   t he   f i n i s h i n g   m e a n s   and  t h e   o t h e r   e n d  

(25)   a b o v e   t h e   t r o u g h   (1 )   o u t l e t   zone   ( 4 ) ,   t h e   e n d  

(24 )   f a c i n g   t h e   f i n i s h i n g .  m e a n s   i n t r o d u c t i o n   m e a n s  

(10)   b e i n g   a s s o c i a t e d   w i t h   a  d i v e r t i n g   m e m b e r   ( 2 3 )  

a d a p t e d   to   c o n t r o l l a b l y   d i v e r t   t o w a r d  s a i d  d u c t   ( 2 6 )  

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

s a i d   h o p p e r   ( 1 0 ) ,   s a i d   d u c t  ( 2 6 )   h a v i n g   one  o r   m o r e  

o p e n i n g s   ( 2 5 )   o v e r l y i n g   t h e   t r o u g h   o u t l e t   z o n e   f o r  

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

,  4.   A  m a c h i n e   a c c o r d i n g   to   C l a i m s   2 - 3 ,  

c h a r a c t e r i z e d   i n . t h a t   s a i d   d i v e r t i n g   m e m b e r   ( 2 4 )   i s   i n  

t h e   f o r m   of   a  g a t i n g   e l e m e n t   ( 2 3 )   a s s o c i a t e d   w i t h   t h e  

c o n v e y i n g   d u c t   ( 2 6 ) .  

5.  A  m a c h i n e   a c c o r d i n g   to   C l a i m   2,  c h a r a c t e r i z e d  

i n   t h a t   s a i d   c o n v e y o r   m e a n s   ( 1 1 )   c o m p r i s e   one  o r   m o r e  

d i v e r t i n g - m e a n s   (24)   c o o p e r a t i n g   w i t h   r e - c y c l i n g   m e a n s  

and  d i v e r t i n g   a  p a r t   of  t h e   f i n i s h i n g   m e a n s   to   be  c y c l e d  

b a c k   to  t h e   t r o u g h   o u t l e t   end   ( 4 ) .  
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