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©  Directional  control  valve  to  obtain  in  a  hydraulic  appliance  the  alternative  motion  of  a  piston  operating  to  charge  and  fire 
a  tool,  specially  suitable  for  hydraulic  hammers. 

©  The  directional  control  valve  to  apply  to  a  hydraulic 
appliances  working  with  uncompressible  fluid,  is  composed  ( / / / / \ ,   /  / \  of  a  cylindrical  valve  i.e.  a  sleeve  5  sliding  in  a  cylindrical  / / '   j  y y  
chamber  1,  that  acts  as  a  cylinder  to  the  piston  7  when  its  cJ-\s  —  i  —  "4—  4 
outside  part  B,  or  also  its  intermediate  part  A  in  an  execution  xV<N  AXN 
suitable  to  different  application,  penetrates  inside  the  sleeve 
5  or  comes  out  of  it. 

The  control  valve  action  is  caused  by  the  hydraulic  fluid 
when  the  piston  moves  so  that  it  comes  out  or  by  the  fluid 
which  the  piston  presses  when,  being  the  exhaust  ports  still 
opened,  it  moves  in  order  to  penetrate  into  the  sleeve  valve 
5. 

The  axial  travel  reversals  of  the  control  valve  start  every 
time  the  piston,  by  its  circular  edge  7c,  gets  a  tightness  touch 
with  distributor's  circular  edge  5d. 

This  control  valve  permits  large  tightnesses  of  exhaust 
and  supply  ports  of  hydraulic  fluid  so  that  the  piston  7  avoid 
to  do  this  by  means  of  its  lateral  surfaces,  as  other  control 
valve,  and  therefore  the  device  is  not  subjected  to  wear. 

For  its  simplicity  and  very  good  functionality  this 
directional  control  valve  cuts  manufacturing  and  mainte- 
nance  costs;  it  can  be,  moreover,  applied  both  to  free  

g a s �  

recharging  hammers  and  hammers  directly  actuated  by  FIG  ^ under  pressure  hydraulic  fluid. 
For  a  better  understanding,  see  fig.  8. 
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D i r e c t i o n a l   c o n t r o l   v a l v e   to   o b t a i n   in  a  h y d r a u l i c   a p p l i -  

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

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

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

is  a  d e v i c e   m a k i n g   use   of  a  s l e e v e   v a l v e   to   s u p p l y   or  r e t u r n  

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

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

a  t o o l ,   has   to   be  e f f e c t e d   to  an  a l t e r n a t e   m o t i o n .  

T h e r e   a r e   a  l a r g e   number   of  d i r e c t i o n a l   c o n t r o l   v a l v e   f o r  

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

a  s l e e v e   c o a x i a l   to   t h e   c y l i n d e r   in  wh ich   t h e   p i s t o n   m o v e s .  

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

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

f l u i d ,   so  t h a t   i t   can  be  a l t e r n a t e l y   f o r c e d   on  t h e   u p p e r  

or  l o w e r  f a c e   of   t h e   same  p i s t o n   to   f i r e   i t   or  to   f o r c e  

it   back   ( r e c h a r g e ) .  

T h e s e   c o n t r o l   v a l v e s   as  wel l   as  b e i n g   s u b j e c t e d   to   c o n t i -  

nuous   and  s t r o n g   s t r e s s e s ,   need   c o m p l e x   c i r c u i t s   f o r   o i l  

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

j o i n t s   t h a t   may  f a i l   owing   to   an  a b n o r m a l   w e a r ,   c a u s e d   b y  

r e p e a t i n g   i m p a c t s .  

In  some  d i r e c t i o n a l   I  c o n t r o l   v a l v e ,  t h e   v a l v e   . i t s e l f ,   t h a t  

is  t h e   s l e e v e ,   is  r e a l l y   s t r u c k   by  t h e   same  p i s t o n   t o  

w h i c h   has   to   make  as  s h o u l d e r ,   and  e l a s t i c   d e v i c e s ,   a s  

s p r i n g   c u s h i o u s ,   d o n ' t   m i n i m i z e   t h e   s t r e s s e s   t h e   c o n t r o l  

v a l v e   is  s u b j e c t e d   t o  



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

a b o v e   d i s a d v a n t a g e s   r i g h t .  

I t   s o l v e s   t h e   p r o b l e m   r e l a t i v e   to   a  d o u b l e   e f f e c t   d i r e c t i o -  

nal  c o n t r o l   v a l v e ,   s l e e v e   v a l v e   c o a x i a l   t y p e   to   t h e   p i s t o n ,  

f o r   h y d r a u l i c   a p p l i a n c e s ,   in  w h i c h   t h e   same  p i s t o n   has   t o  

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

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

s i m p l e r   and  need   a  l e s s   c a r e f u l   w o r k i n g .  

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

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

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

c i t y .  

The  i n v e n t i o n   is  d e t a i l e d   as  be low  in  two  ways  f o r   t w o  

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

t h e   8  d r a w i n g s ,   h e r e w i t h   e n c l o s e d ,   w h i c h   show  r e s p e c t i v e l y :  

F i g .   1,  a  l o n 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   a p p l i e d   t o  

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

p i s t o n   in  r e c h a r g i n g   s t r o k e ;  

F i g .   2,  t h e   d e v i c e   in  t h e   same  r e c h a r g i n g   s t r o k e ,   m o v i n g  

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

to  open  t h e   e x a u s t   p o r t   o n e ;  

F i g .   3,  t h e   d e v i c e   w i t h   p i s t o n   on  t h e   t op   dead   c e n t e r ,   c l o -  

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

F i g .   4,  t h e   d e v i c e   c l o s i n g   t h e   s u p p l y   p o r t   and  p i s t o n   i n  

s t r i k i n g   p h a s e ;  

F i g .   5,  t h e   d e v i c e   a p p l i e d   to  a  h y d r a u l i c   hammer  w i t h   p i s t o n  

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

a c c u m u l a t o r   of  n i t r o g e n   in  t h e   e x p a n s i o n   f a s e ;  

F i g .   6,  t h e   r u n n i n g   of   t h e   c o n t r o l   v a l v e   to   c l o s e   t h e   s u p p l y  

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

s t r i k i n g   p h a s e ;  



F i g .   7,  t he   hammer  w h i l e   t h e   p i s t o n   is  m o v i n g   up  and  t h e  

v a l v e   is  m o v i n g   up  to   open  t h e   e x a u s t   p o r t s ;  

F i g .   8,  t h e   d e v i c e   w i t h   t he   p i s t o n   n e a r   t h e   t o p   dead   c e n t e r  

i . e .   c o n t r o l   v a l v e   mov ing   down  t o  o p e n   t h e   s u p p l y  

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

The  c o n t r o l   v a l v e   5,  made  in  s t e e l   or  o t h e r   s u i t a b l e   m a t e -  

r i a l ,   see   F i g .   1,  is  in  t h e   fo rm  of  a  c y l i n d r i c a l   s l e e v e ,  

e n g a g e d   a l o n g   one  of  i t s   edge   w i t h   t h e   a n n u l a r   t h o o t   6 

w h i c h ,   by  t h e   l ower   a n n u l a r   r im  s h a p e d   s u r f a c e ,   k n o c k s  

a g a i n s t   1b  edge   of  la   a n n u l a r   s h a p e d r   g r o o v e   h a v i n g   a  r e c t a n -  

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

be r   1 ,  i n   w h i c h   t h e   same  c y l i n d r i c a l   v a l v e   s l e e v e   5  w o r k s .  

T h i s   c y l i n d r i c a l   c h a m b e r   1  is  c o a x i a l l y   c o n n e c t e d   w i t h  

t h e   c y l i n d r i c a l   c h a m b e r   2A  d i a m e t r i c a l l y   s m a l l e r ,   to   f o r m  

w i t h   it  a l o n g   i t s   c o n t a c t   f a c e ,   an  a n n u l a r   c h a m b e r   3  h a v i n g  

a  d i a m e t e r   s m a l l e r   t h a n   t h e   one  of  t h e   a b o v e   g r o o v e   1a  i n  

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

t h e   s t r o k e   of  t h e   s l e e v e   5  i t s e l f   in  t h e   u p p e r   d i r e c t i o n .  

In  t h e   f i r s t   a p p l i c a t i o n   w h i c h   is  t h e   e a s i e s t   ( F i g .   1 ) ,  

in  t h e   r e c h a r g e   s t r o k p , t h e   s l e e v e   v a l v e   5  w o r k s   so  t h a t  

i t   can  p e r m i t   t h e   m o v i n g   up  of  p i s t o n   7  w h i c h   has   2  d i f f e -  

r e n t   d i a m e t e r s  φ   A  a n d  φ   C,  w h e r e  0   A  >  φ  C ,   to   f o r c e   t h e  

gas   ( e . g .   n i t r o g e n )   c o n t a i n e d   in  a  h e r m e t i c a l   c o m p r e s s s i o n  

c h a m b e r   1 1 .  

T h i s   is  p o s s i b l e   t h a n k s   to  t h e   s l e e v e   5  w h i c h   o p e n s   t h e  

s u p p l y   p o r t   of  d u c t   8  in  t h e   same  c y l i n d r i c a l   c h a m b e r   1 

and  p e r m i t s   t h e   a p p l i c a t i o n   of  t h e   p r e s s u r e   p1  of  t h e  

h y d r a u l i c   f l u i d   on  t h e   a n n u l a r   f a c e   7a,   of  a r e a   A1  o f  

t h e   p i s t o n   c a u s i n g   a  t h r u s t   S1  =  A1 =  P 1 ,  

In  t h e   p h a s e   2  ( F i g .   2)  t h e   p i s t o n   has   r e a c h e d   a l m o s t   t h e  

t o p   dead   c e n t e r   f i x e d   by  t h e   s h o u l d e r   13,  p r e s s i n g   f u r t h e r  

the   gas   c o n t a i n e d   in  t h e   c h a m b e r   11  up  to   t h e   maximum 



p r e s s u r e   P 2 < P 1   c a u s e d   by  t h e   t h r u s t   Si  and  by  t h e   a r e a   C l  

of  t h e   s u r f a c e   7 b .  

M e a n w h i l e   t h e   v a l v e   s l e e v e   5  is  c o m p e l l e d   to   move  down  b y  

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

3,  can  p r e s s   a g a i n s t   t h e   a n n u l a r   s u r f a c e   5a ,   c a u s i n g   a  

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

ce s   on  t h e   o p p o s i t e   s u r f a c e   5b  of  s m a l l e r   a r e a ,   in  o r d e r  

to   c l o s e   t h e   i n l e t   p o r t   of   p i p e   8  and  open  t h e   o u t l e t   o n e  

by  p i p e   9  ( s e e   F i g i   3 ) .  

At  t h i s   p o i n t ,   as  t h e   t h r u s t   of  h i g h   p r e s s u r e   f l u i d   on  t h e  

a n n u l a r   s u r f a c e   7a  of  p i s t o n   s t o p s   and  as  t h e   c y l i n d r i c a l  

c h a m b e r   is  c o n n e c t e d   w i t h   t h e   o u t l e t   d u c t s   9  and  10,  t h e  

p i s t o n ,   no t   b e i n g   f o r c e d   by  no  back   p r e s s u r e ,   g o e s   down 

s t r i k i n g   v i o l e n t l y   t h e   t o o l   14  a t   a  s p e e d   h i g h e r   t h a n  

t h e   g o i n g   up  o n e .  

P i s t o n   u p s t r o k e   and  d o w r s t r o k e   s p e e d   a re   r i s p e c t i v e l y   c o n n e -  

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

c o m p r e s s e d   in  t h e   c h a m b e r   1 1 .  

The  s l e e v e   c l o s e s   t h e   i n l e t   p o r t   of  t h e   p i p e   8  u n t i l   t h e  

c i r c u l a r   edge   7c  of  t h e   p i s t o n   comes   i n t o   c o n t a c t   w i t h  

t h e   e d g e   5d  of  s l e e v e   v a l v e   i t s e l f   m a k i n g   t i g h t .  

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

r e m a i n i n g   in  t h e   c h a m b e r   1,  t a k e s   p l a c e   by  means   of  t h e  

same  p i s t o n   and  a  t h r u s t   on  t h e   s l e e v e   s u r f a c e   5b  by  t h e  

f l u i d   w h i c h   p e n e t r a t e s   i n t o   t h e   c h a m b e r   1c;  as  t h e   v a l v e   s l e e -  

ve  is  o p p o s e d   by  no  b a c k   p r e s s u r e ,   g o e s   up  a g a i n   o p e n i n g ,  

t h e r e f o r e ,   t h e   i n l e t   p o r t   of  h i g h   p r e s s u r e   f l u i d   and  c l o -  

s i n g   t h e   o u t l e t   p o r t   t h r o u g h   d u c t   9,  so  t h a t   the   p i s t o n  

can  move  up  owing   to   t h e   f l u i d   t h r u s t   on  t h e   a n n u l a r   s u r -  

f a c e  7 a .  

In  t h e   a p p l i c a t i o n   shown  by  F i g g .   5,  6 ,  7   and  8,  t h e   p i s t o n  

7  is  p r o v i d e d   w i t h   an  a n n u l a r   f l u t i n g   7 d .  



In  t h e   power   s t r o k e   ( F i g .   5)  t h e   i n l e t   h o l e s   of  t h e   d u c t s  

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

o u t l e t   h o l e s   of  d u c t   9  a r e   c l o s e d   by  t h e   s l e e v e   v a l v e . 5 .  

The  p i s t o n   moves  down  even   if  t h e   same  h i g h   p r e s s u r e   h y d r a -  

l i c   f l u i d   a c t s   in  t h e   same  t i m e ,   on  t h e   a n n u l a r   s u r f a c e   7 a  

of   t h e   p i s t o n ,   t h r o u g h   d u c t   12:  in  f a c t   t h e   a r e a   A1  of  t h e  

same  a n n u l a r   s u r f a c e   7a  is  s m a l l e r   t h a n   t h e   a r e a   B1  of  t h e  

u p p e r   s u r f a c e   7 b .  

Mowing  down,  t h e   p a r t   B  of  p i s t o n   a l l o w s   t h e   f l o w   of  t h e  

u n d e r   p r e s s u r e   f l u i d   to   t h e   a n n u l a r   c h a m b e r   3  ( F i g .   6 ) ,   s o  

t h a t   t h e   f l u i d   i t s e l f   can  p r e s s   on  t h e   a n n u l a r   s u r f a c e   5 a  

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

5b,  c a u s e s   a  r e s u l t a n t   t h r u s t   wh ich   moves  up  t h e   s l e e v e  

u n t i l   to   c l o s e   t h e   s u p p l y   p o r t s   of  d u c t s   8  of  t h e   u n d e r  

p r e s s u r e   f l u i d   and  to   open   t h e   o u t l e t   p o r t s   of  t h e   d u c t  9 .  

T h i s   c a u s e s   t h e   r u n n i n g   up  of  p i s t o n  7   o n l y   b e c a u s e   o f  

t h e   t h r u s t   of  t h e   h y d r a u l i c   f l u i d   on  t h e   a n n u l a r   s u r f a c e   7 a  

of   t h e   same  p i s t o n .  

When  t h e   c i r c u l a r   edge   7c  of  t h e   p i s t o n   comes   i n t o   c o n t a c t  

w i t h   t h e   c i r c u l a r   edge   5d  of  t h e   s l e e v e   ( F i g .   8 ) ,   m a k i n g  

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

r e m a i n i n g   in  t h e   c h a m b e r   1  c a u s i n g   a  p r e s s u r e   on  t h e   a n n u -  

l a r   s u r f a c e   5b  of  t h e   s l e e v e   i t s e l f , w i c h   o p p o s e d   b y  n o  b a c k  

p r e s s u r e ,   moves   down  u n t i l   to   open  a g a i n   t h e   i n l e t   p o r t s  

of  t h e   d u c t   8  of  t h e   h i g h   p r e s s u r e   f l u i d   and  to   p e r m i t  

t h e   r e p e t i t i o n   of  c y c l e .  

Moving   down  to  open  t h e   i n l e t   p o r t s   of  t h e   f l u i d ,   t h e   s l e e v e  

5  s h o v e s   t h e   f l u i d ,   w h i c h   is  in  t h e   a n n u l a r   s p a c e   f o r m e d  

u n d e r   t h e   s u r f a c e   5a ,   in  t h e   l i t t l e   d u c t   15,  t h r o u g h   t h e  

a n n u l a r   c h a m b e r   f o r m e d   by  t h e   f l u t i n g   7d  of  p i s t o n ,   in  t h e  

e x h a u s t   f l u i d   d u c t   1 6 .  

To  i n c r e a s e   t h e   s t r i k i n g   v e l o c i t y   i . e .   t h e   k i n e t i c   e n e r -  



gy  of  t h e   p i s t o n ,   and  f o r   b e t t e r   e x p l o i t a t i o n   of  t h e   c a p a -  

c i t y   of  t h e   h y d r a u l i c   pump,  in  t h i s   d i r e c t i o n a l   c o n t r o l   v a l v e  

a t   t h i s   i n v e n t i o n   o f ,   t h e   a p p l i a n c e   is  e q u i p p e d   w i t h   a  p n e u -  

m a t i c   a c c u m u l a t o r   l l a   ( e . g .   n i t r o g e n )   w i t h   a  d i a p h r a g m   18  

and  w i t h   a  s e q u e n c e   and  v e l o c i t y   c o n t r o l l i n g   v a l v e   17,  w h i c h  

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

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

by  t h e   r e c h a r g e   of  a c c u m u l a t o r   11a ,   a t   f i r s t   c l o s e s   and  a f t e r  

t h r o t t l e s   t h e   o u t l e t   p o r t   of   t h e   e x h a u s t   d u c t   10,  in  o r d e r  

to  r e d u c e   t h e   mov ing   up  v e l o c i t y   of  t h e   p i s t o n ,  

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

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

s p r i n g   is  no  more  s u f f i c i e n t   to   o p p o s e   t h e   t h r u s t   g i v e n   b y  

t h e   l i t t l e   p i s t o n   17b  and  t h e r e f o r e   t h e   o u t l e t   h o l e   17c  o f  

t h e   v a l v e   is  o p e n e d ,  

On  t h e   t o p   dead   c e n t r e ,   t h e   p i s t o n   i m p a c t   is  damped  by  t h e  

c o m p r e s s e d   f l u i d   in  t h e   u p p e r   p a r t   of  c h a m b e r   1  o r ,   if  p a r t  

A  of  p i s t o n   is  d i a m e t r i c a l l y   l a r g e r   t h a n   t h e   B  one  to   make  

as  a  s h o u l d e r  a n n u l a r   s u r f a c e   13  of  t h e   c y l i n d r i c a l   c h a m b e r  

2A,  by  means   o f   h y d r a u l i c   f l u i d   c o n t a i n e d   in  t h e   same  c y l i n -  

d r i c a l   c h a m b e r   2 A .  

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

v a l v e   a r e   v e r y   l a r g e .  

The  t i g h t   of  i n l e t   and  o u t l e t   p o r t s   a r e ,   in  f a c t ,   made  b y  

t h e   l a t e r a l   o u t s i d e   s u r f a c e s   5e  of  s l e e v e   v a l v e   and  6b  o f  

a n n u l a r   t o o t h   6  wh ich   e n g a g e s   w i t h   t h e   same  s l e e v e .  

More  o v e r   i t   has   to   n o t e   t h a t   b e f o r e   t h e   p i s t o n   r e a c h e s   i t s  

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

t h e   same  p i s t o n ,   moving   c o a x i a l l y   to   i t   in  t h e   o p p o s i t e   d i r e -  

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

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

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



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

t i g h t   f rom  t h e   p i s t o n   w e a r .  



1°  D i r e c t i o n a l   c o n t r o l   v a l v e   to   o b t a i n   in  a  h y d r a u l i c   a p p l i -  

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

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

a  c i l i n d e r   1  to   w h i c h   t h e   s u p p l y   d u c t   8  and  e x h a u s t   one  9 

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

w h i c h   c o n t r o l   v a l v e ,   s l e e v e   s h a p e d   5  and  t h e   e n d s   B  or  t h e  

i n t e r m e d i a t e   p a r t   A  of   a  p i s t o n   7  move  c o a x i a l l y   to   t h e  

c y l i n d e r   i t s e l f   in  b o t h   d i r e c t i o n s ,   c h a r a c t e r i z e d   in  t h a t  

t h e   same  c o n t r o l   v a l v e   5  is  f i t t e d   a l o n g   one  of  i t s   e n d s  

w i t h   a  r e c t a n g u l a r   c r o s s   s e c t i o n   a n n u l a r   t o o t h   6  wh ich   f o r -  

c e s   i t   to   make  a  s t r o k e   f i x e d   by  t h e   d e p t h   of  a  r e c t a n g u l a r  

s e c t i o n   a n n u l a r   f l u t i n g   l a ,   s y m m e t r i c a l   to   a  p t a n e   n o r m a l  

to   t h e   a x i s   of  t h e   same  c y l i n d e r ,   t h e   t o o t h   6  a c t i n g   a l t e r -  

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

4,  t h e   d i a m e t e r   of  t h e   c y l i n d r i c a l   c h a m b e r   b e i n g   b i g g e r   t h a n  

t h e   one  of  t h e   p a r t   of   p i s t o n   e n t e r i n g   in  i t ,   t h a t   i s ,   o f  

t h a t   p a r t   on  w h i c h   t h e   h y d r a u l i c   f l u i d   a c t s ,   in  a  d o u b l e  

m e a s u r e   of   t h e   s l e e v e   t h i c k n e s s   f o r m i n g   t h e   same  c o n t r o l  

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

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

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

t h e   s a m e  c y l i n d r i c a l   c h a m b e r   1,  t h a t   i s ,   to  p e r m i t   t h e  

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

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

p a r t   of  p i s t o n   i t s e l f .  

2°  D i r e c t i o n a l   c o n t r o l   v a l v e ,   a t   c l a i m   2  o f ,   c h a r a c t e r i z e d  

in  t h a t   t h e   r e v e r s a l   of   t h e   s t r o k e   of  t h e   s l e e v e   5  to   c l o s e  

t h e   s u p p l y   p o r t s   and  open   t h e   e x h a u s t   ones   of  h y d r a u l i c  

f l u i d   or  v i c e   v e r s a ,   to   open   t h e   s u p p l y   o n e s   and  c l o s e  

t h e   e x h a u s t   p o r t s ,   t a k e   p l a c e   e v e r y   t i m e   t h a t   t h e   p a r t   o f  



p i s t o n   p e n e t r a t i n g   i n t o   t h e   c y l i n d r i c a l   c h a m b e r   1  e s t a b l i -  

s h e s   w i t h   i t s   c i r c u l a r   r u n n i n g   edge  7c  a  t i g h t   c o n t a c t   w i t h   t h e  

c o r r e s p o n d i n g   r u n n i n g   edge   5d  of  s l e e v e   v a l v e ,   f o r c i n g   t h e  

h y d r a u l i c   f l u i d   to   c o m p r e s s   a t   t h e   same  t i m e   t h e   s u r f a c e   5 a  

and  5b  of  d i f f e r e n t   a r e a ,   or  a l t e r n a t e l y ,   when  t h e   p i s t o n  

moves   in  t h e   o p p o s i t e   d i r e c t i o n ,   t r a s m i t t i n g   on  t h e   f a c e   5b  

of   t h e   v a l v e   5,  t h r o u g   t h e   f l u i d   r e m a i n i n g   in  t h e   c y l  i n d r i -  

ca l   c h a m b e r ,   t h e   p r e s s u r e   e x e r t e d   by  t h e   same  p i s t o n ,   t h e  

r e v e r s a l   s t r o k e   to   open  t h e   e x h a u s t   p o r t s   and  c l o s e   t h e  

s u p p l y   one  b e i n g   p o s s i b l e   t h a n k s   to   t he   a n n u l a r   f l u t i n g   3 

w i t h   r e c t a n g u l a r   s e c t i o n   in  t h e   body  of  t h e   n e x t   c y l i n d r i -  

cal   c h a m b e r ,   in  wh ich   t h e   h y d r a u l i c   f l u i d   p e n e t r a t e s ,   t h e  

same  f l u t i n g   as  wide  as  to   p e r m i t   t h e   d e v e l o p e m e n t   af  a n  

a n n u l a r   s h o u l d e r   4,  t h e   t o o t h   6  of  s l e e v e   v a l v e   to  l i m i t  

t h e   a x i a l   s t r o k e ,   t h e   p r e s s u r e   on  b o t h   t h e   f a c e s   5a  a n d  

5b  of  d i s t r i b u t o r   p r o d u c i n g   a  w o r k i n g   t h r u s t   in  r e l a t i o n  

to   t h e   d i f f e r e n t   a r e a   of  t h e   two  f a c e s ,   t h e   p r e s s u r e   o f  

t h e   f l u i d   p r e s s e d   by  t h e   same  p i s t o n   on  t h e   f a c e   5b  of  t h e  

v a l v e   p r o d u c i n g   a  w o r k i n g   t h r u s t   f o r   no  back   p r e s s u r e  

p r o d u c e d   by  t h e   f l u i d   i t s e l f   on  t h e   f a c e   5a,   t h e   f l u i d  

f l o w i n g   t r o u g h   t h e   e x h a u s t   d u c t   9  or  t h r o u g h   t h e   d u c t   15  

and  t h e   a n n u l a r   f l u t i n g   7d  of  t h e   p i s t o n ,   in  t h e   e x h a u s t  

d u c t   1 6 .  

3°  D i r e c t i o n a l   c o n t r o l   v a l v e ,   a t   c l a i m   1  o f ,   c h a r a c t e r i z e d  

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

f l u i d   in  t h e   c y l i n d r i c a l   c h a m b e r   is  made  e s s e n t i a l l y   b y  

t h e   o u t e r   l a t e r a l   s u r f a c e   5e  of  t h e   s l e e v e   v a l v e   i . e .   t h e  

t h e   c o n t r o l   v a l v e   5,  w h i l e   t h e   t i g h t   c l o s u r e   of  e x h a u s t  

p o r t s   is  made  j o i n t l y   by  t h e   a b o v e   l a t e r a l   s u r f a c e   5e  a n d  

by  t h e   s u r f a c e   6b  of  t h e   s l e e v e   t o o t h ,   t h a t   is  by  v e r y  

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



4°  D i r e c t i o n a l   c o n t r o l   v a l v e ,   a t   c l a i m   1  o f ,   c h a r a c t e r i z e d  

in  t h a t   t h e   s l e e v e   v a l v e  5   a c t s   as  a  c y l i n d e r   f o r   t h e   p i s t o n  

p a r t   w o r k i n g   in  t h e   c y l i n d r i c a l   c h a m b e r   1,  i t   mov ing   c o n t i -  

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

c o a x i a l l y   to   t h i s ,   t h a t   i s ,   i t   a c t s   as  a  l i n e r   of  t h e   c y -  

l y n d r i c a l   c h a m b e r   1,  c l o s i n g   and  o p e n i n g ,   a t   t h e   same  t i m e ,  

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

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

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

5°  D i r e c t i o n a l   c o n t r o l   v a l v e ,   at   p r e v i o u s   c l a i m s   o f ,   c h a r a -  

c t e r i z e d   in  t h a t   in  a p p l i a n c e s   as  hammers   e x p l o i t i n g   i n  

t h e   s t r i k i n g ,   a t   t h e   same  t i m e ,   t he   c o n t e m p o r a r y   a c t i o n  

of   f l u i d   p r e s s e d   by  t h e   pump  and  the   p r e s s u r e   on  t h e   s a m e  

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

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

t h r o u g h   a  d u c t   12,   of   t h e   same  f l u i d   p r e s s u r e   on  t h e   s h a -  

ped  a n n u l a r   s u r f a c e   7a  of  p i s t o n   w i t h   an  a r e a   l e s s   t h a n  

t h e   one  7b  on  w h i c h   t h e   h y d r a u l i c  f l u i d   in  s t r i k i n g   p h a s e  

is  f o r c e d ,   in  o r d e r   to   g i v e   r i s e   of  p i s t o n   in  t h e   r e c h a r -  

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

ced   t o ,   in  s t r i k i n g   p h a s e .  

6°  D i r e c t i o n a l   c o n t r o l   v a l v e ,   a t   c l a i m   5  o f ,   c h a r a c t e r i -  

zed  in  t h a t   i t   can  be  c o u p l e d   b e s i d e s   to   means   wh ich   i n t e n -  

s i f y   t h e   a c t i o n   of  h y d r a u l i c   f l u i d   on  t h e   p i s t o n   in  s t r i -  

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

so  as  a  v a l v e   17  a c t i n g   in  f u n c t i o n   of  t h e   h y d r a u l i c   f l u i d ,  

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

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

7°  Hammer  of  f i g u r e s   1,  2,  3,  4  t y p e , t h a t   is  w i t h   a  t i g h t  



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

r a c t e r i z e d   by  a  d i r e c t i o n a l   c o n t r o l   v a l v e ,   as  c l a i m e d   i n  

c l a i m s   1,  2,  3,  4 .  

8°  Hammer,  of  f i g u r e s   5,  6,  7,  8  t y p e ,   i n c l u d i n g   a l s o   a 

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

c o n t r o l l e d   by  t h e   p r e s s u r e   of  t h e   same  h y d r a u l i c   f l u i d ,  

c h a r a c t e r i z e d   by  a  d i r e c t i o n a l   c o n t r o l   v a l v e ,   as  c l a i m e d  

in  c l a i m s   1,  2,  3,  4 .  
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