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HAMMERING  DEVICE. 
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(§5  An  apparatus  has  a  slide  rod  (6)  provided  movably  in  its 
axial  direction  within  a  hollow  frame  (4)  fixed  to  the  surroun- 
ding  wall  (a)  of  a  hopper  or  a  conduit  line  etc'  to  exert  impact 
forces  directly  or  indirectly  on  said  surrounding  wall  (a),  said 
slide  rod  (6)  comprising  a  structure  including  a  magnetic  mate- 
rial  (7)  as  a  part  thereof,  at  the  same  time  electromagnetic  coils 
(11),  (12)  which  move  said  slide  rod  (6)  in  the  direction  of  said 
surrounding  wall  (a)  on  supplying  electricity  being  disposed 
around  said  slide  rod  (6).  In  the  hammering  device  of  this  in- 
vention,  electromagnetic  forces  are  exerted  on  the  magnetic 
material  (7)  of  the  slide  rod  (6)  by  controlling  electric  current  to 
the  electromagnetic  coils  (11),  (12),  causing  said  slide  rod  (6) 
to  be  moved  to  give  impact  forces  on  the  surrounding  wall  (a), 
leading  to  shorter  intervals  of  impact,  increased  number  of  im- 
pact  per  unit  time  and  improved  operation  efficiency  compared 
to  conventional  hydraulic  or  pneumatics  devices.  And  increase 
or  decrease  of  impact  forces  and  cycles  of  impact  can  be  op- 
tionally  changed  by  adjusting  supply  conditions  of  electricity. 
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DETAILED  STATEMENT 

HAMMERING  DEVICE 

[FIELD  OF  ART] 

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

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

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

of  s h o c k   t h e r e t o .  

[BACKGROUND  OF  THE  INVENTION] 

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

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

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

v e s s e l s   or  p a t h s .   L a r g e   a m o u n t s   of  s u c h   p u l v e r i z e d   m a t t e r  

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

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

5  t h e r e f r o m .   L a r g e   q u a n t i t i e s   of   p o w d e r   a d h e r i n g   i n s i d e  

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

m a k i n g   i t   i m p o s s i b l e   to  c o n v e y   p o w d e r y   g o o d s .  

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

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

0  u s e d   a g a i n s t   t he   w a l l s   of  a  h o p p e r   and  p i p i n g   c a u s i n g   a  s h o c k  

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

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

. .   s e r v e s   as  t he   w o r k i n g   f l u i d ,   and  i s   so  c o n s t r u c t e d   t h a t   a n  

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

5  p i p e   w a l l   s u r f a c e s   or  an  i n d i r e c t   i m p a c t   i s   g i v e n   to  p r e v e n t  



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

can  a d j u s t   t h e   h a m m e r i n g   f o r c e   a c c o r d i n g   to  t h e   n a t u r e   o f  

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

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

l i n e s .  

H o w e v e r ,   t h e   u s e   of   a i r   as   a  w o r k i n g   f l u i d   n e c e s s i t a t e s  

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

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

an  a i r   c l e a n e r .   T h i s   g i v e s   r i s e   to  t h e   e n l a r g e m e n t   of   t h e  

e q u i p m e n t   i t s e l f   as  w e l l   as  to   t h e   d e g r a d a t i o n   of   t h e   w o r k i n g  

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

c o m p r e s s o r .  

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

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

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

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

h a m m e r i n g .   E s p e c i a l l y   w h e r e   a i r   i s   u s e d   as  a  w o r k i n g   f l u i d ,  

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

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

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

t he   f r e q u e n c y   by  w h i c h   t he   a c t u a t o r   g i v e s   a  s h o c k   p e r   u n i t  

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

r e m o v i n g   a d h e r i n g   p o w d e r y   m a t t e r .  

T h e r e f o r e ,   t h e   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n   a r e   t o  

s i m p l i f y   t he   e q u i p m e n t   by  u s i n g   an  e l e c t r o m a g n e t i c   f o r c e   t o  
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move  t he   h a m m e r i n g   m e m b e r s   and  to  i m p r o v e   t he   e f f i c i e n c y   o f  

t h e   r e m o v i n g   o p e r a t i o n   by  an  i n c r e a s e   in  h a m m e r i n g   f r e q u e n c y .  

[DISCLOSURE  OF  THE  INVENTION] 

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

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

m o v a b l e   in  a  h o l l o w   f r a m e   s e c u r e d   on  t h e   o u t e r   w a l l   of  a  

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

on  t h e   w a l l ,   s a i d   s l i d i n g   rod   b e i n g   a  s t r u c t u r e   p a r t l y   of  a  

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

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

[BRIEF  DESCRIPTION  OF  THE  DRAWINGS] 

F i g . 1   i s   a  l o g i t u d i n a l   s e c t i o n   of  a  h a m m e r i n g   d e v i c e   o f  

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

p o s i t i o n ;   F i g .   2  i s   a  l o g i t u d i n a l   s e c t i o n   of  t h e   d e v i c e   w i t h  

t h e   s l i d i n g   rod   in  i t s   h a m m e r i n g   p o s i t i o n ;   F i g .   3  s h o w s  

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

r e t r e a t i n g   s o l e n o i d   c o i l ;   and  F ig .*!   i s   t h e   h a m m e r i n g   d e v i c e  

s e c u r e d   to  t he   w a l l   a r o u n d   a  h o p p e r   of  p o w d e r y   m a t t e r .   F i g .   5 

shows   a  f u r t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   F i g .   6  i s  

a  s e c t i o n   on  t h e   l i n e   I - I   in  F i g .   5  l o o k i n g   in  t h e   d i r e c t i o n  

of  t he   a r r o w s ;   F i g .   7  i s   a  p e r s p e c t i v e   v iew  of  t h e   i n n e r   p i p e  

and  yoke   d i s a s s e m b l e d ;   and  F i g .   8  shows   e n e r g i z i n g   t i m e   c h a r t s  

f o r   s o l e n o i d   c o i l s   of  t he   h a m m e r i n g   d e v i c e   in  F i g .   5.  F i g .   9 

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

F i g s .   10,  11  and  12  i l l u s t r a t i n g   o t h e r   e m b o d i m e n t s ;   and  F i g .   13 
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shows   e n e r g i z i n g   t i m e   c h a r t s   f o r   t h e   s o l e n o i d   c o i l s   of  t h e  

d e v i c e   in  F i g .   1 2 .  

[DESCRIPTION  OF  PREFERRED  EMBODIMENT] 

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

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

s h o w i n g   t h e   e m b o d i m e n t s   of  t h e   i n v e n t i o n .  

F i g s . 1   and  2  a r e   l o n g i t u d i n a l   s e c t i o n s   s h o w i n g   a  f i r s t  

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

R e f e r r i n g   to   F i g .   4,  t h e   h a m m e r i n g   d e v i c e   1  i s   s e c u r e d  

o n t o   t h e   o u t e r   w a l l   a  of  h o p p e r   A  to   g i v e   a  s h o c k   t h e r e t o   s o  

as  to  c a u s e   p u l v e r i z e d   m a t t e r   B  a d h e r i n g   to  t h e   i n n e r   w a l l   t o  

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

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

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

R e f e r r i n g   to  F i g . 1 ,   t he   h a m m e r i n g   d e v i c e   1  c o m p r i s e s   a n  

e n c l o s e d   c y l i n d r i c a l   f r a m e    ̂ h a v i n g   f l a n g e s   2  and  3  a t   t h e  

e n d s ,   a  b a s e   p l a t e   5  c o n n e c t e d   to  s a i d   f l a n g e   2  b e i n g  

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

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

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

s l i d i n g   rod   6  in  s a i d   f r a m e  

The  s l i d i n g   r o d   6,  w h i c h   h a s   a  body  7  of  a  m a g n e t i c  

m e t a l   s u c h   as  i r o n   i n t e g r a t e d   w i t h   a  h e a d   8  l o c a t e d   on  t h e  

s i d e   of  t he   b a s e   p l a t e   5,  i s   so  s u p p o r t e d   s l i d a b l y   in  t h e  

a x i a l   d i r e c t i o n   by  a  g i v e n   n u m b e r   of  y o k e s   9  a r r a n g e d   in  t h e  
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f r a m e   H  t h a t   s a i d   h e a d   8  a t   one  end  of  t h e   rod   6  g e t s   i n t o  

c o n t a c t   w i t h   t he   b a s e   p l a t e   5,  e x e r t i n g   a  h a m m e r i n g   f o r c e  

t h e r e o n ,   s a i d   h e a d   8  b e i n g   made  of  a  n o n m a g n e t i c   m e t a l   s u c h  

i 
as  s t a i n l e s s   s t e e l   and  a  s h o c k   a b s o r b i n g   e l e m e n t   10  of  r u b b e r  

and  o t h e r s   b e i n g   f i t t e d   on  t h e   s i d e   of  t h e   f l a n g e   3  t o  

r e c e i v e r   t h e   body  7 .  

The  s l i d i n g   rod   6,  whose   i r o n   body   7  i s   m a g n e t i c ,   c a n  

t r a v e l   t o w a r d   and  f r o m   t h e   b a s e   p l a t e   5  due   to   a n  

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

c o i l   11  or  t he   r e t r e a t i n g   s o l e n o i d   c o i l   12  a r e   e n e r g i z e d ;  

i . e . ,   s a i d   a c t u a t i n g   and  r e t r e a t i n g   s o l e n o i d   c o i l s   11  and  12 

a r e   d i s p o s e d   a r o u n d   t h e   s l i d i n g   rod   6  in  t h e   f r a m e   4  in  s u c h  

a  way  t h a t   t he   s l i d i n g   rod   6  t r a v e l s   to  t h e   p o s i t i o n s   i n  

F i g s . 1   and  2  by  t he   a c t i o n   of  t h e   m a g n e t i c   f i e l d   when  t h e s e  

s o l e n o i d   c o i l s   11  and  12  a r e   e n e r g i z e d .  

When  t he   a c t u a t i n g   s o l e n o i d   c o i l   11  i s   e n e r g i z e d   to  move ,  

t h e   s l i d i n g   rod   6  to  t h e   h a m m e r i n g   p o s i t i o n   shown  in  F i g .   2 ,  

t h e   a x i a l   c e n t e r   of  t h e   body  7  a l i g n s   w i t h   t h e   c e n t e r   of  t h e  

a c t u a t i n g   s o l e n o i d   c o i l   11.  I t   i s ,   t h e r e f o r e ,   n e c e s s a r y   t o  

s e t   h a l f   t h e   a x i a l   d i s t a n c e   of  t h e   h e a d   8  p l u s   t he   body  7  s o  

t h a t   t he   head   8  can  hammer  t h e   b a s e   p l a t e   5 .  

E n e r g i z i n g   t h e s e   a c t u a t i n g   and  r e t r e a t i n g   s o l e n o i d   c o i l s  

11  and  12  i s   a c h i e v e d   by  means   of  a  c a b l e   13  c o n n e c t e d   to   a n  

e x t e r n a l   c o n t r o l   p a n e l   ( n o t   s h o w n ) .   The  e n e r g i z i n g   c o n t r o l  

i s   to  be  made  in  s u c h   a  way  as  to  c h a n g e   t h e   t r a v e l   s p e e d   a n d  
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t h e   t r a v e l i n g   i n t e r v a l   of  t h e   s l i d i n g   rod   6.  For   e x a m p l e ,   a n  

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

i n c r e a s e   t he   h a m m e r i n g   f o r c e   e x e r t e d   on  t h e   b a s e   p l a t e   5,  s o  

t h a t   t he   m a g n i t u d e   of  t h e   h a m m e r i n g   f o r c e   can  be  a d j u s t e d  

f r e e l y   by  c o n t r o l l i n g   t h e   e n e r g i z i n g   c u r r e n t   or  v o l t a g e  

a c c o r d i n g   to  t h e   s e r v i c e   c o n d i t i o n s .   A  c h a n g e   in  e n e r g i z i n g  

c y c l e   of  t h e   s o l e n o i d   c o i l s   11  and  12  can  a l t e r   t he   h a m m e r i n g  

f r e q u e n c y   p e r   u n i t   t i m e .  

A  c o n n e c t i n g   d u c t   14  i s   f i t t e d   o u t s i d e   t h e   f r a m e   4  t o  

p r o v i d e   s m o o t h   t r a v e l   of  t h e   s l i d i n g   rod   6,  s a i d   c o n n e c t i n g  

d u c t   14  f u n c t i o n i n g   to  a l l o w   a i r   f r o m   i n s i d e   t h e   f r a m e   4 ,  

when  t h e   s l i d i n g   r o d   6  s h i f t s ,   a c c o r d i n g   to  t h e   t r a v e l  

d i r e c t i o n   t h e r e o f .   In  o t h e r   w o r d s ,   t h e   e n d s   of   t h e  

c o n n e c t i n g   d u c t   14  a r e   o p e n e d   t o w a r d   t h e   s i d e   of  t h e   b a s e  

p l a t e   5  and  d a m p i n g   e l e m e n t   10  r e s p e c t i v e l y ,   so  t h a t   a i r  

f l o w s   r i g h t   t h r o u g h   t h e   c o n n e c t i n g   d u c t   14  f rom  i n s i d e   t h e  

f r a m e   4  when  s l i d i n g   rod   6  t r a v e l s   to  t h e   b a s e   p l a t e   5  f r o m  

t h e   p o s i t i o n   in  F i g . 1 .   As  a  r e s u l t ,   a i r   i s   e x c l u d e d   f r o m  

i n s i d e   t he   f r a m e   4  o n l y   on  t he   s i d e   to  w h i c h   t he   s l i d i n g   r o d  

6  i s   to  t r a v e l ,   p e r m i t t i n g   t h e   rod   6  to  t r a v e l   w i t h o u t   b e i n g  

s u b j e c t   to  t he   r e s i s t a n c e   of  i n t e r n a l   a i r .  

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

upon  e n e r g i z i n g   t h e   a c t u a t i n g   s o l e n o i d   c o i l   11  or   t h e  

r e t r e a t i n g   s o l e n o i d   c o i l   12  c a u s e s   t he   s l i d i n g   rod   6  to  m o v e .  

As  shown  in  F i g .   3,  t h e   a p p l i c a t i o n   of  a  v o l t a g e   w i t h   a  p u l s e  
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w i d t h   of  Ti  to  t h e   a c t u a t i n g   s o l e n o i d   c o i l   11  d e v e l o p s   t h e  

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

11,  c a u s i n g   t h e   s l i d i n g   rod   6  to   move  to  t h e   p o s i t i o n   i n  

F i g .   2.  T h e n ,   i f   t h e   t r a v e l i n g   s p e e d   of  t he   s l i d i n g   rod   6  d u e  

to  t he   m a g n e t i c   f i e l d   i n c r e a s e s   to  some  e x t e n t ,   t h i s   c a u s e s  

t he   h e a d   8  to  c o l l i d e   w i t h   t h e   b a s e   p l a t e   5,  w h i c h ,   in  t u r n ,  

h a m m e r s   t h e   o u t e r   w a l l   a  of  t h e   h o p p e r   A,  s i m u l t a n e o u s l y  

b r i n g i n g   t h e   s l i d i n g   rod   6  to  a  h a l t   in  t h e   p o s i t i o n   i n  

F i g .   2.  The  i n e r t i a   of  t h e   t r a v e l i n g   rod   6  a l s o   h e l p s   i t s  

c o l l i s i o n   a g a i n s t   t h e   b a s e   p l a t e   5,  a d d i n g   to  t h e   h a m m e r i n g  

f o r c e   t h e r e o f .   The  h e a d   8,  of  a  n o n m a g n e t i c   m a t e r i a l ,   w i l l  

n o t   be  a b s o r b e d   even   w h i l e   t h e   b a s e   p l a t e   5  has   b e e n  

m a g n e t i z e d .  

N e x t ,   a p p l y i n g   a  v o l t a g e   w i t h   t h e   p u l s e   w i d t h   T3  to  t h e  

r e t r e a t i n g   s o l e n o i d   c o i l   12  a  t i m e   T2  a f t e r   d e e n e r g i z i n g   t h e  

a c t u a t i n g   s o l e n o i d   c o i l   11  d e v e l o p s   t h e   m a g n e t i c   f i e l d  

a t t r a c t i n g   t he   body   7  r i g h t ,   t h e r e b y   r e t u r n i n g   t h e   s l i d i n g  

rod   6  to  t h e   p o s i t i o n   shown  in  F i g . 1 .  

H e r e i n a f t e r ,   a l t e r n a t e   o p e r a t i o n s   a r e   to  be  made  in  a  

c y c l e   of  t i m e   Ti\  by  e n e r g i z i n g   t h e   a c t u a t i n g   s o l e n o i d   c o i l   11 

to  d e v e l o p   t h e   m a g n e t i c   f i e l d   w h i c h   a t t r a c t s   t he   body   7 

t o w a r d   t h e   b a s e   p l a t e   5  and  e n e r g i z i n g   t h e   r e t r e a t i n g  

s o l e n o i d   c o i l   12  to  d e v e l o p   t h e   m a g n e t i c   f i e l d   f o r   r e t u r n i n g  

the   body  7  to  i t s   p o s i t i o n   in  F i g . 1   so  as  to  p r o v i d e   t h e  

r e c i p r o c a t i o n   of  t h e   s l i d i n g   rod   6 .  
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I f   a  g r e a t e r   h a m m e r i n g   f o r c e   i s   r e q u i r e d ,   t h i s   may  b e  

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

i n c r e a s e   t h e   e l e c t r o m a g n e t i c   f o r c e   as  w e l l   as  by  i n c r e a s i n g  

t h e   c o i l   t u r n s   o f   t h e   a c t u a t i n g   s o l e n o i d   c o i l   1 1 .  

A c c o r d i n g l y ,   t h e   e n e r g i z i n g   c o n t r o l   a l l o w s   d e s i r e d   c h a n g e s   i n  

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

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

The  h a m m e r i n g   f r e q u e n c y   can  be  i n c r e a s e d   and  d e c r e a s e d  

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

W h i l e   t he   p o s s i b l e   h a m m e r i n g   f r e q u e n c y   p e r   s e c .   o b t a i n e d   b y  

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

r e q u i r e d   f o r   a i r   c h a r g e ,   t h e   d e v i c e   e m b o d y i n g   t h e   i n v e n t i o n  

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

h a m m e r i n g   f r e q u e n c y   to   t h r e e ,   t h e r e b y   p e r m i t t i n g   e f f i c i e n t  

h a m m e r i n g   o p e r a t i o n s   in   a  s h o r t   t i m e .  

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

f r a m e   H  can  p r e v e n t   t he   i n t r u s i o n   of  p u l v e r i z e d   s u b s t a n c e s  

and  the   wear   of  t h e   m o v a b l e   m e m b e r s   s u c h   as  t h e   s l i d i n g   r o d  

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

t he   h a m m e r i n g   d e v i c e .   E s p e c i a l l y   in  p l a n t s   w h e r e   s a l t ,   s u g a r  

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

a r e   t r e a t e d ,   i t   w i l l   p r o v e   to  be  v e r y   i m p o r t a n t   in  p r e v e n t i n g  

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

f u l l   e n c l o s e d   t y p e .   U n l i k e   t h e   p n e u m a t i c   c y l i n d e r   in  w h i c h  

t he   s l i d i n g   rod  6  i s   d r i v e n   by  t he   f e e d i n g   and  e x h a u s t i n g   o f  
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f l u i d ,   t he   e m b o d i m e n t   of  t h e   i n v e n t i o n   e l i m i n a t e s   t h e   n e e d  

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

s l i d i n g   rod   6  and  t he   y o k e s   9,  t h u s   f a c i l i t a t i n g   t h e  

m a c h i n i n g   of  t he   s l i d i n g   rod   6  and  r e d u c i n g   t he   m a n u f a c t u r i n g  

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

t y p e .  

F i g .   5  i s   a  l o g i t u d i n a l   s e c t i o n   of  a  s e c o n d   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ,   in  w h i c h   t h e   c o m p o n e n t s   c o r r e s p o n d i n g  

to  t h o s e   of  t h e   f i r s t   e m b o d i m e n t   of  t he   i n v e n t i o n   a r e  

i n d i c a t e d   by  t h e   same  r e f e r e n c e   n u m b e r s ,   t h e i r   d e t a i l e d  

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

The  f r a m e   4,  p r e f e r a b l y   of  a  f e r r o m a g n e t i c   m e t a l ,   i s  

p i p e l i k e   u t i l i z i n g   an  i r o n   p i p e   i n t e n d e d   f o r   use   in  g a s  

p i p i n g ,   in  w h i c h   an  i n n e r   p i p e   20  w i t h   t h e   s l i d i n g   rod   6 

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

p i p e s ,   s a i d   i n n e r   p i p e   20  b e i n g   of  a  n o n m a g n e t i c   m a t e r i a l  

s u c h   as  s t a i n l e s s   s t e e l .   The  b a s e   p l a t e   5  c o n n e c t e d   to  t h e  

f l a n g e   2  has   t h e   f l a t   o u t e r   end  f a c e   and  i s   p r a c t i c a l l y  

m o u n t e d   on  t he   h o p p e r   A  w i t h   a  m e t a l l i c   a d a p t e r   ( n o t   s h o w n )  

a t t a c h e d   p r o j e c t e d   f rom  t he   o u t e r   end  f a c e   t h e r e o f .   As  s h o w n  

in  t he   f i r s t   e m b o d i m e n t   of  t he   i n v e n t i o n ,   t he   f r a m e   4  h a s  

y o k e s   9  p r o v i d e d   a t   t h r e e   d i f f e r e n t   p o i n t s   f o r   h o l d i n g   t h e  

i n n e r   p i p e   2 0 .  

The  s l i d i n g   rod   6  i s   made  of  a  m a g n e t i c   m a t e r i a l   s u c h   a s  

S45C;  t he   i n n e r   p i p e   20,  of  n o n m a g n e t i c   s t a i n l e s s   s t e e l ,   a s  
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d e s c r i b e d   a b o v e ;   t h e   f r a m e   4,  of   a  m a g n e t i c   i r o n   p i p e ;   t h e  

b a s e   p l a t e   5,  of   a  n o n m a g n e t i c   m a t e r i a l   s u c h   as  s t a i n l e s s  

s t e e l   to  p r e v e n t   t h e   a b s o r p t i o n   of   t h e   s l i d i n g   rod   6;  and  t h e  

y o k e s ,   of  m a g n e t i c   SS.  In  t h i s   way,   t h e   m e m b e r s   a r e   made  u p  

of  c o m b i n a t i o n s   of   m a g n e t i c   and  n o n m a g n e t i c   m a t e r i a l s .  

The  s l i d i n g   r o d   6,  e n t i r e l y   of   t h e   m a g n e t i c   m a t e r i a l ,  

d i f f e r s   f rom  t h e   f i r s t   e m b o d i m e n t   of  t h e   i n v e n t i o n   in  w h i c h  

t h e   h e a d   8  of  a  n o n m a g n e t i c   m a t e r i a l   i s   c o n n e c t e d   to  t h e  

m a g n e t i c   body   7,  s a i d   s l i d i n g   r o d   b e i n g   c o n d i t i o n e d   a n d  

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

a g a i n s t   t h e   b a s e   p l a t e   5.  The  s l i d i n g   rod   6  i s   a l s o  

c h a m f e r e d   a r o u n d   t h e   edge   so  as  to  p r e v e n t   b u r r s   r e s u l t i n g  

f rom  t he   h a m m e r i n g   f o r c e   e x e r t e d   t h e r e b y   on  t h e   b a s e   p l a t e   5 .  

F i g .   6  i s   a  p e r s p e c t i v e   s e c t i o n   on  t h e   l i n e   I - I   in  F i g .   5 ,  

and  F i g .   7  i s   a  p e r s p e c t i v e   v iew  of  t h e   i n n e r   p i p e   20  and  t h e  

yoke   9  d i s a s s e m b l e d .  

The  t h r e e   y o k e s   9.  a r e   a r r a n g e d   i n s e r t e d   i n t o   s u b s t a n t i a l  

e n g a g e m e n t   w i t h   t h e   i n n e r   w a l l   of  t h e   p i p e - l i k e   f r a m e   4,  a s  

i l l u s t r a t e d   in  F i g .   6,  on  t he   s i d e s   of  t h e   f l a n g e s   2  and  3» 

and  in  t he   v i c i n i t y   of  t h e   c e n t e r ,   e a c h   h a v i n g   f o u r   n o t c h e s  

21  a r o u n d   t he   p e r i p h e r a l   s u r f a c e   so  as  to  p r o v i d e   a  c l e a r a n c e  

f rom  t he   i n n e r   w a l l   of  t he   f r a m e   4.  The  i n n e r   w a l l   20  t h e  

p e r i p h e r y   of  w h i c h   t he   y o k e s   9  a r e   m o u n t e d   in  e n g a g e m e n t   w i t h  

h a s   a  p l u r a l   number   of  v e n t i l a t i n g   h o l e s   22  a t   t he   e n d s   so  a s  

to  a l l o w   f o r   a i r   c i r c u l a t i o n   due  to  t he   t r a v e l   of  t he   s l i d i n g  
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rod   6 .  

T h e s e   y o k e s   9  and  the   i n n e r   p i p e   20  a r e   a s s e m b l e d   in  t h e  

f r a m e   4  in  s u c h   a  way  t h a t   t he   yoke   9  a t   e a c h   end  of  t he   p i p e  

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

v e n t i l a t i n g   h o l e s   22  of  t h e   i n n e r   p i p e   20.   When  t h e   s l i d i n g  

rod   6  t r a v e l s ,   s u c h   a  d i s p o s i t i o n   a l l o w s   a i r   to  p a s s   f r o m  

i n s i d e   t he   i n n e r   p i p e   20  t h r o u g h   t h e   v e n t i l a t i n g   h o l e s   22  i n  

t he   d i r e c t i o n   of  t h e   t r a v e l   of  t h e   rod   6  i n t o   t he   e x t e r n a l  

f r a m e   4  and  s i m u l t a n e o u s l y   p e r m i t s   t h e   a i r   to  f l o w   t h r o u g h  

t h e   f r a m e   4  t h a n k s   to  t h e   n o t c h e s   21  of  t h e   y o k e s   9  u n t i l   t h e  

a i r   r e e n t e r s   t h e   i n n e r   p i p e   20  t h r o u g h   t h e   o p p o s i t e  

v e n t i l a t i n g   h o l e s   22.   In  t h i s   way,   t h e   i n n e r   p i p e   20  i s  

p r o v i d e d   w i t h   t h e   v e n t i l a t i n g   h o l e s   22  and  t he   n o t c h e s   21  a r e  

f o r m e d   on  t h e   y o k e s   9  to  p r o v i d e   t h e   c l e a r a n c e   f rom  t he   i n n e r  

w a l l   of  t he   f r a m e   4,  so  t h a t   t h e   a i r   r e s i s t a n c e   can  b e  

r e d u c e d   to  n e a r l y   z e r o   when  t he   s l i d i n g   rod   6  t r a v e l s .   T h e  

a b o v e   c o n s t r u c t i o n   e l i m i n a t e s   t h e   c o n n e c t i n g   d u c t   14 

d e s c r i b e d   in  t he   f i r s t   e m b o d i m e n t   of  t h e   i n v e n t i o n   and  m a k e s  

t h e   e n t i r e   e q u i p m e n t   s m a l l e r .  

In  t he   s e c o n d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   s o  

c o n s t r u c t e d   as  m e n t i o n e d   a b o v e ,   t o o ,   t h e   s l i d i n g   rod   6  i s  

o p e r a t e d   by  t h e   c o n t r o l   o v e r   t he   e n e r g i z i n g   of  t h e   a c t u a t i n g  

s o l e n o i d   c o i l   11  and  t he   r e t r e a t i n g   s o l e n o i d   c o i l   1 2 .  

F i g .   8  shows  e n e r g i z i n g   t i m e   c h a r t s   r e v e a l i n g   how  t o  

c o n t r o l   t he   a c t u a t i n g   s o l e n o i d   c o i l   11  and  the   r e t r e a t i n g  
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s o l e n o i d   c o i l   12,  w h e r e ,   u n l i k e   t h e   c h a r t   g i v e n   in  F i g .   3  o f  

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

r e t r e a t i n g   s o l e n o i d   c o i l   12  i s   f i r s t   p u l s e   e n e r g i z e d ,   and  t h e  

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

a f t e r   t h e   c o m p l e t i o n   of  t he   f i r s t   e n e r g i z i n g .   As  a  r e s u l t   o f  

e n e r g i z i n g   t he   a c t u a t i n g   s o l e n o i d   c o i l   11  t h e   s l i d i n g   r o d   6 

t r a v e l s   t o w a r d   t h e   b a s e   p l a t e   5  to   g i v e   t h e   h a m m e r i n g   f o r c e  

t h e r e t o .  

Such  c o n t r o l   t h a t   t h e   r e t r e a t i n g   s o l e n o i d   c o i l   12  i s  

f i r s t   e n e r g i z e d   to   s e t   t h e   s l i d i n g   r o d   6  in   i t s   r e t r e a t e d  

p o s i t i o n   has   t h e   f o l l o w i n g   a d v a n t a g e s :   f o r   e x a m p l e ,   when  t h e  

f l a n g e   3  i s   m o u n t e d   in  t h e   l o w e r   p o s i t i o n ,   t h e   s l i d i n g   r o d   6 

i s   k e p t   down  in  t h e   r e t r e a t e d   p o s i t i o n   by  t h e   d e a d   l o a d  

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

when  t h e   a c t u a t i n g   s o l e n o i d   c o i l   11  i s   f i r s t   e n e r g i z e d ,   t h e  

s l i d i n g   rod   6  t r a v e l s   t o w a r d   t h e   b a s e   p l a t e   5  upon  t h e  

i n i t i a l   e n e r g i z i n g   to  g i v e   a  s h o c k   t h e r e t o .   On  t h e   c o n t r a r y ,  

when  t he   f l a n g e   2  i s   d i s p o s e d   in  t he   l o w e r   p o s i t i o n ,   t h e  

s l i d i n g   r o d   6  i s   k e p t   down  on  t h e   s i d e   of  t h e   b a s e   p l a t e   5 ,  

t h u s   l e a v i n g   t h e   s l i d i n g   r o d   6  as  i t   i s   d e s p i t e   t h e  

e n e r g i z i n g   of  t he   a c t u a t i n g   s o l e n o i d   c o i l   11  and  e f f e c t i n g   n o  

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

e n e r g i z i n g   t h e   r e t r e a t i n g   s o l e n o i d   c o i l   12  f i r s t   moves   up  t h e  

s l i d i n g   rod   6  f rom  i t s   down  p o s i t i o n .   A f t e r   t h a t ,   t he   b a s e  

p l a t e   5  g e t s   h a m m e r e d   by  e n e r g i z i n g   t he   a c t u a t i n g   s o l e n o i d  
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In  t h i s   way,  t h e   h a m m e r i n g   a c t i o n   can   be  e f f e c t e d   f r o m  

the   i n i t i a l   s t a g e   w i t h o u t   any  d e l a y   j u s t   by  p u l s e   e n e r g i z i n g  

t he   r e t r e a t i n g   s o l e n o i d   c o i l   12  f i r s t .   H e n c e ,   e f f i c i e n t  

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

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

A d d i t i o n a l l y ,   in  t h e   s e c o n d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,  

t h e   f r a m e   4  and  y o k e s   9  a r e   made  of  f e r r o m a g n e t i c   m a t e r i a l s ,  

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

c o i l   11  and  t he   r e t r e a t i n g   s o l e n o i d   c o i l   12  fo rm  t he   m a g n e t i c  

c i r c u i t   of  t he   s l i d i n g   rod   6  and  t h e   f r a m e   4  b o t h   of  m a g n e t i c  

m a t e r i a l s .   T h i s   r e s u l t s   in  t h e   f o r m a t i o n   of  a  s t r u c t u r e   w i t h *  

few  m a g n e t i c   l e a k s   by  t he   e n e r g i z i n g   of  t he   a c t u a t i n g   a n d  

r e t r e a t i n g   s o l e n o i d   c o i l s   11  and  12,  t h u s   i n c r e a s i n g   t h e  

a t t r a c t i o n   to  t h e   s l i d i n g   rod   6  and  t h e r e b y   the   h a m m e r i n g  

f o r c e   to  t h e   b a s e   p l a t e   5,  w h i c h   a l s o   s h o r t e n s   t he   i n t e r v a l s  

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

more  e f f i c i e n t   o p e r a t i o n .  

F i g .   9  i s   a  l o g i t u d i n a l   s e c t i o n   s h o w i n g   a  t h i r d  

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

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

t he   i n v e n t i o n   in  F i g .   5  w i t h   t he   d e s c r i p t i o n   of  t he   m e m b e r s  

common  to  t h o s e   of  t h e   s e c o n d   e m b o d i m e n t   o m i t t e d .  

The  t h i r d   e m b o d i m e n t   of  t he   i n v e n t i o n   d i f f e r s   f rom  t h e  

s e c o n d   e m b o d i m e n t   t h e r e o f   in  t h a t   t he   b a s e   p l a t e   5  i s  
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p r o v i d e d   w i t h   an  o p e n i n g   23  c o a x i a l   w i t h   t he   s l i d i n g   rod   6,  a  

h a m m e r i n g   h e a d   24  f i t t e d   a t   t h e   edge   of  t h e   s l i d i n g   rod   6 

p r o t r u d i n g   and  r e t r e a t i n g   t h r o u g h   t h e   o p e n i n g   23  to  g i v e   t h e  

h a m m e r i n g   f o r c e   d i r e c t l y   to  t h e   o u t e r   w a l l   a  of  t h e   h o p p e r   A .  

5  N a m e l y ,   t he   s l i d i n g   r o d   6  i s   i n t e g r a t e d   a t   t h e   edge   w i t h   t h e  

h a m m e r i n g   h e a d   24  of   a  n o n m a g n e t i c   m a t e r i a l   s u c h   as  s t a i n l e s s  

s t e e l ,   s a i d   h a m m e r i n g   h e a d   24  b e i n g   so  c o n s t r u c t e d   as  t o  

p r o t r u d e   and  r e t r e a t   t h r o u g h   t h e   o p e n i n g   23  and  of  s u c h   a  

s i z e   t h a t   i t   can  p r o t r u d e   as  much  as  i l l u s t r a t e d   f rom  t h e  

10  o p e n i n g   23  when  t h e   s l i d i n g   rod   6  h a s   t r a v e l e d   to  t h e   s i d e   o f  

t h e   b a s e   p l a t e   5 .  

A l t h o u g h   t he   p r o v i s i o n   of  t h e   o p e n i n g   23  t h r o u g h   w h i c h  

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

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

15  s l i d i n g   r o d   6  can  be  l e s s e n e d   by  t h e   e m p l o y m e n t   of  s u c h   a  

c o n s t r u c t i o n   as  shown  in  F i g .   5  h a v i n g   t h e   i n n e r   p i p e   20  a n d  

t h e   y o k e s   9.  The  way  of  c o n t r o l l i n g   t h e   e n e r g i z i n g   of  t h e  

a c t u a t i n g   and  r e t r e a t i n g   s o l e n o i d   c o i l s   11  and  12  i s   t he   s a m e  

as  w i t h   t he   s e c o n d   e m b o d i m e n t .  

20  F i g .   10  i s   a  s c h e m a t i c   v i ew  s h o w i n g   a  f o u r t h   e m b o d i m e n t  

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

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

w h e r e i n   o n l y   t he   a c t u a t i n g   s o l e n o i d   c o i l   11  i s   d i s p o s e d   i n  

t he   v i c i n i t y   of  t h e   a x i a l   c e n t e r   of  t he   f r a m e   4,  t he   s l i d i n g  

25  rod   6  has   t he   edge   of  t he   m a g n e t i c   body  7  i n t e g r a t e d   w i t h   t h e  
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h a m m e r i n g   head   25  of  a  n o n m a g n e t i c   m a t e r i a l   s u c h   as  s t a i n l e s s  

s t e e l ,   and  a  c o m p r e s s i o n   c o i l   s p r i n g   26  i s   p r o v i d e d   b e t w e e n  

t he   b a s e   p l a t e   5  and  t he   body  7  to  e x c i t e   t he   s l i d i n g   rod   6 

in  s u c h   a  d i r e c t i o n   as  to  s e p a r a t e   f rom  t h e   b a s e   p l a t e   5 ,  

s a i d   h a m m e r i n g   h e a d   25  h a v i n g   a  s m a l l e r   d i a m e t e r   t h a n   t h a t   o f  

t h e   body  7  and  b e i n g   s u r r o u n d e d   by  t h e   c o m p r e s s i o n   c o i l  

s p r i n g   26.   The  i n n e r   p i p e   20  and  t he   y o k e s   9  c o n t a i n i n g   t h e  

s l i d i n g   rod   6  a r e   i d e n t i c a l   to  t h o s e   d e s c r i b e d   in  t h e  

a f o r e s a i d   e m b o d i m e n t s ,   t h e   y o k e s   9  and  t he   i n n e r   p i p e   2 0  

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

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

In  t he   a b o v e   c o n s t r u c t i o n   w i t h   t h e   s i n g l e   a c t u a t i n g  

s o l e n o i d   c o i l   11  t h e   m a g n e t i c   f i e l d   d e v e l o p e d   by  t h e  

e n e r g i z i n g   t h e r e o f   p e r m i t s   t he   s l i d i n g   rod   6  to  t r a v e l   t o w a r d  

t h e   b a s e   p l a t e   5  as  shown  in  F i g .   10  (b)  to  e x e r t   t h e  

h a m m e r i n g   f o r c e   t h e r e o n ,   w h i l e   upon  t h e   d e e n e r g i z i n g   of  t h e  

a c t u a t i n g   s o l e n o i d   c o i l   11  t h e   m a g n e t i c   f o r c e   i s  

e x t i n g u i s h e d ,   a l l o w i n g   the   s l i d i n g   rod   6  to  r e t u r n   to  i t s  

o r i g i n a l   p o s i t i o n   as  in  F i g .   10  (a)   u n d e r   t h e   e x c i t a t i o n   o f  

t he   c o m p r e s s i o n   c o i l   s p r i n g   2 6 .  

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

s i n g l e   s o l e n o i d   c o i l   can  be  u s e d   as  an  i n t e r m i t t e n t   h a m m e r i n g  

d e v i c e   by  p r o v i d i n g   an  a p p r o p r i a t e   m e c h a n i c a l   means   f o r  

r e c i p r o c a t i n g   t he   s l i d i n g   rod   6 .  

F i g .   11  shows  t he   c o n s t r u c t i o n   of  t he   f o u r t h   e m b o d i m e n t  
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in  F i g .   10  p a r t l y   m o d i f i e d ,   w h e r e i n   t h e   r e t r e a t i n g   s o l e n o i d  

c o i l   12  i s   d i s p o s e d   s e p a r a t e   f r o m   t h e   b a s e   p l a t e   5  and  t h e  

c o m p r e s s i o n   c o i l   s p r i n g   26  i s   l o c a t e d   on  t h e   s i d e   of  t h e  

f l a n g e   3,  t h e   edge   of  t he   body   7  b e i n g   i n t e g r a t e d   w i t h   t h e  

h a m m e r i n g   h e a d   25  of   t h e   n o n m a g n e t i c   m a t e r i a l .  

In  t h i s   c o n s t r u c t i o n   t h e   r e t r e a t i n g   s o l e n o i d   c o i l   12 

s e r v e s   to  a t t r a c t   t h e   body  7  of   t h e   s l i d i n g   r o d   6  and  t h e  

c o m p r e s s i o n   c o i l   s p r i n g   26  e x c i t e s   t h e   s l i d i n g   rod   6  t o w a r d  

t he   b a s e   p l a t e   5  to  g i v e   t h e   h a m m e r i n g   f o r c e   t h e r e t o ;   i . e . ,  

upon  t he   e n e r g i z i n g   of  t h e   r e t r e a t i n g   s o l e n o i d   c o i l   12  t h e  

e l e c t r o m a g n e t i c   f o r c e   d e v e l o p s   to  a t t r a c t   t h e   body  7  to  b e  

h e l d   in  t h e   n o n o p e r a t e d   p o s i t i o n   as  in  F i g .   11  ( a ) ;   and  t h e  

d e e n e r g i z i n g   t h e r e o f   l i b e r a t e s   t h e   s l i d i n g   rod   6  f rom  t h e  

m a g n e t i c   f o r c e   to  t r a v e l   to  t he   b a s e   p l a t e   5  as  in  F i g .   11  ( b )  

u n d e r   t he   e x c i t a t i o n   of  t h e   c o m p r e s s i o n   c o i l   s p r i n g   26  t o  

e x e r t   t he   h a m m e r i n g   f o r c e   t h e r e o n .  

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

c o i l   as  shown  in  F i g s .   10  and  11  t h e   d e s i r e d   h a m m e r i n g  

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

the   e n e r g i z i n g   of  t h e   s o l e n o i d   c o i l .  

A d d i t i o n a l l y ,   F i g .   12  shows   an  e x a m p l e   of  t h e   a r r a n g e m e n t  

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

The  f r a m e   4  c o n t a i n s   a  f i r s t ,   a  s e c o n d ,   a  t h i r d ,   and  a  

f o u r t h   s o l e n o i d   c o i l   27,   28,  29  and  30  d i s p o s e d   c o a x i a l   w i t h  

the   t r a v e l   a x i s   of  t h e   s l i d i n g   rod   6,  e a c h   of  t he   c o i l s   b e i n g  
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p r o v i d e d   w i t h   an  e n e r g i z i n g   c o n t r o l   c i r c u i t ,   and  t he   s l i d i n g  

rod   6  b e i n g   made  e n t i r e l y   of  a  m a g n e t i c   m a t e r i a l .   T h e  

d i m e n s i o n a l   r e l a t i o n   b e t w e e n   t h e   s l i d i n g   rod   6  and  e a c h   o f  

t he   s o l e n o i d   c o i l s   2 7 - 3 0   i s   s u c h   t h a t   t h e   a x i a l   l e n g t h   of  t h e  

s l i d i n g   rod   6  i s   s l i g h t l y   l o n g e r   t h a n   any  two  a d j a c e n t  

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

b a s i c   c o n s t r u c t i o n   as  g i v e n   in  F i g s .   5  and  9  e x c e p t   f o r   t h e  

y o k e s   w h i c h   a r e   n o t   s h o w n .  

F i g .   13  shows  t i m e   c h a r t s   f o r   e n e r g i z i n g   t he   s o l e n o i d  

c o i l s   2 7 ~ 3 0 ,   w h i c h   i n d i c a t e   t h a t   o n l y   t h e   s e c o n d   s o l e n o i d  

c o i l   28  g e t s   p u l s e   e n e r g i z e d   in  t h e   s t a t e   as  in  F i g .   12  (a )   t o  

c a u s e   t he   s l i d i n g   rod   6  to  t r a v e l   to  t h e   p o s i t i o n   (b)  u n d e r  

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

s o l e n o i d   c o i l   27  when  t h e   s l i d i n g   r o d   6  has   r e a c h e d   t h e  

p o s i t i o n   (b)  moves   t he   rod   6  f u r t h e r   l e f t   u n t i l   t he   r o d  

h a m m e r s   t he   b a s e   p l a t e   5  as  in  ( c ) ,   t h a t   upon  e n e r g i z i n g   t h e  

t h i r d   s o l e n o i d   c o i l   29  t he   s l i d i n g   rod   6  g e t s   r e t r e a t e d   t o  

t he   p o s i t i o n   ( d ) ,   and  t h a t   t he   e n e r g i z i n g   of  t he   f o u r t h  

s o l e n o i d   c o i l   30  c a u s e s   t he   s l i d i n g   rod   6  to  r e t r e a t   to  t h e  

o r i g i n a l   p o s i t i o n   ( a ) .  

As  d e s c r i b e d   a b o v e ,   t he   s e q u e n t i a l   e n e r g i z i n g   of  t h e  

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

d i r e c t i o n   of  t he   s l i d i n g   rod   6  c a u s e s   t he   s l i d i n g   rod   6  t o  

hammer  t he   b a s e   p l a t e   and  r e t r e a t   to  i t s   o r i g i n a l   p o s i t i o n .  

In  t he   h a m m e r i n g   o p e r a t i o n   t h e s e   s o l e n o i d   c o i l s   a t t r a c t   t h e  
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s l i d i n g   r o d   to   t r a v e l   s m o o t h l y   and   c o n t i n u o u s l y   a n d  

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

s t r e n g t h e n i n g   t h e   h a m m e r i n g   f o r c e   to   t h e   b a s e   p l a t e   5.  I n  

a d d i t i o n ,   s e q u e n t i a l l y   e n e r g i z i n g   t h e   s o l e n o i d   c o i l s   s p e e d s  

up  t h e   a c t i o n   of  t h e   s l i d i n g   rod   6  as  w e l l   as  i n c r e a s e s   t h e  

h a m m e r i n g   t i m e s   p e r   u n i t   t i m e ,   r e s u l t i n g   in  an  i n c r e a s e   i n  

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

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

[INDUSTRIAL  F E A S I B I L I T Y ]  

As  d e s c r i b e d   a b o v e ,   t h e   h a m m e r i n g   d e v i c e s   e m b o d y i n g   t h e  

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

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

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

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

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

i n d i r e c t   h a m m e r i n g   f o r c e   to  o b j e c t s .   S i n c e   an  i n c r e a s e   and  a  

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

be  c h a n g e d   f r e e l y   by  a l t e r i n g   t h e   c o n d i t i o n s   of  e n e r g i z i n g  

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

of  t h e   h a m m e r i n g   d e v i c e ,   i f   a t t a c h e d   to  c o n t a i n e r s   s u c h   as  a  

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

s u b s t a n c e s   in  a c c o r d a n c e   w i t h   t he   s e r v i c e   c o n d i t i o n s .   U n l i k e  

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

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

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

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

c y c l e   t h e r e o f .  
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WHAT  IS  CLAIMED  I S :  

1  .  A  h a m m e r i n g   d e v i c e   c o m p r i s i n g   a  h o l l o w   f r a m e   to  b e  

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

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

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

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

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

a r o u n d   s a i d   s l i d i n g   rod   to  move  s a i d   s l i d i n g   r o d   t o w a r d   s a i d  

o u t e r   w a l l   when  e n e r g i z e d .  

2.  A  h a m m e r i n g   d e v i c e ,   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n  

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

a t   one  end  w h i c h   i s   to  be  s e c u r e d   o n t o   t h e   o u t e r   w a l l   of  s a i d  

h o p p e r   or  p i p e   l i n e .  

3.  A  h a m m e r i n g   d e v i c e ,   as  s e t   f o r t h   in  c l a i m   1  or   2 ,  

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

moves   s a i d   s l i d i n g   rod   t o w a r d   s a i d   b a s e   p l a t e   to  a p p l y   a  

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

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

4.  A  h a m m e r i n g   d e v i c e ,   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n  

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

e x c i t e s   t he   s l i d i n g   rod   in  t h e   h a m m e r i n g   or  r e t r e a t i n g  

d i r e c t i o n .  

5.  A  h a m m e r i n g   d e v i c e ,   as  s e t   f o r t h   in  c l a i m   1,  w h e r e i n   a  

p l u r a l   number   of  s o l e n o i d   c o i l s   a r e   a r r a n g e d   a r o u n d   s a i d  

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