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@  Method  of  controlling  an  impact  motor  and  an  impact  motor. 

In  a  rock  drill,  the  feed  force  is  transmitted  from  the  hous- 
ing  11  of  the  rock  drill  to  the  drill  stem  or  drill  stem  adapter  14 
via  a  damping  piston  17.  The  damping  piston  17  rebounces  by 
the  reflected  compressive  shock  waves  and  the  rebounce  is 
sensed  and  used  to  control  a  control  pin  48  which  adjusts  the 
stroke  length  of  the  hammer  piston  13  so  that  the  reflected 
shock  wave  energy  is  minimized. 



This  i n v e n t i o n   r e l a t e s   to  a  method  of  c o n t r o l l i n g   an  impact  m o t o r  

tha t   comprises   a  r e c i p r o c a t i n g   hammer  p i s t o n   t h a t ,   when  i m p a c t i n g  

upon  an  a n v i l ,   c o n v e r t s   i t s   k i n e t i c   energy  to  shock  wave  energy  t h a t  

p r o p a g a t e s   through  an  e l o n g a t e   t o o l ,   for  example  a  tool   in  the  fo rm 

of  a  d r i l l   stem  or  c h i s e l .  

The  i n v e n t i o n   r e l a t e s   also  to  an  impact  motor  of  the  kind  d e s c r i b e d  

above  which  has  an  a d j u s t i n g   device  for  a d j u s t i n g   the  impact  v e l o -  

c i t y   of  the  hammer  p i s t o n .  

In  rock  d r i l l i n g ,   i t   is  known  tha t   an  i n c r e a s e d   impact  energy  p e r  
blow  r e s u l t s   in  a n  i n c r e a s e d   p e n e t r a t i o n   r a t e   up  to  a  c e r t a i n   l e v e l .  

If  the  impact  energy  is  i n c r e a s e d   over  t h i s   l e v e l ,   the  p e n e t r a t i o n  

r a t e   i n c r e a s e s   very  l i t t l e   whereas  the  d r i l l   b i t   wear  i n c r e a s e s   c o n -  

s i d e r a b l y .  

I t   is  a lso   known  in  the  a r t   tha t   a  worn  d r i l l   b i t   r e q u i r e s   a  h i g h e r   im-  

pact   energy  than   a  new  or  newly  sharpened   d r i l l   b i t   in  order   to  g i v e  

the  same  p e n e t r a t i o n   r a t e .  

Usua l ly   in  a  rock  d r i l l ,   the  hammer  p i s t o n   impacts   at  a  c o n s t a n t   im-  

pact   energy  per  blow  i n d e p e n d e n t l y   of  the  g r a d u a l l y   va ry ing   c o n d i t i o n  

of  the  d r i l l   b i t   and  of  changing  rock  p r o p e r t i e s .  

It  is  an  o b j e c t   of  the  i n v e n t i o n   to  permi t   for  c o n t r o l   of  the  i m p a c t  

motor  in  order   to  u t i l i z e   the  impact  energy  more  e f f e c t i v e l y .   The 

impact  motor  can  then  for  example  be  the  impact  motor  of  a  rock  d r i l l  

or  a  jack  hammer.  This  o b j e c t   is  ach ieved   by  the  f e a t u r e s   given  i n  

the  c h a r a c t e r i z i n g   p a r t s   of  the  c l a i m s .  

The  k i n e t i c   energy  of  the  hammer  p i s t o n   p r o p a g a t e s   in  the  form  of  a  

compress ion   wave  through  the  tool   which  can  be  a  rock  d r i l l   s t e m .  

The  major  p o r t i o n   of  the  pa r t   of  the  shock  wave  energy  tha t   is  n o t  

u t i l i z e d   for  the  rock  d e s t r u c t i o n   is  r e f l e c t e d   as  shock  wave  e n e r g y  

e i t h e r   ii.  the  form  of  compress ion   waves  or  t e n s i l e   waves.  This  e n e r g y  



may  a lso   be  r e f l e c t e d   p a r t l y   as  compress ion   waves  and  p a r t l y   as  t e n -  

s i l e   w a v e s .  

According  to  the  i n v e n t i o n ,   the  r e f l e c t e d   shock  waves  are  sensed  and  

the  impact  v e l o c i t y   is  a d j u s t e d   in  r e sponse   t h e r e t o   s o  t h a t   the  r e -  

f l e c t e d   shock  wave  energy  wi l l   be  smal l .   Advan tageous ly ,   the  movement 

coupled   to  the  r e f l e c t e d   shock  waves  is  sensed  and  the  movement  i s  

min imized .   I t   is  p a r t i c u l a r l y   advan tageous   to  sense  the  rebounce  o f  

an  e l a s t i c a l l y   y i e l d a b l e   e lement   t ha t   is  a r r anged   to  t r a n s m i t   a  f e e d  

fo rce   to  the  tool   and  to  adapt  the  impact  v e l o c i t y   of  the  hammer 

p i s t o n   so  t h a t   the  rebounce  of  the  y i e l d a b l e   element  w i l l   b e  s a m l l  

but  does  not  d i s a p p e a r .   There  should  be  a  s l i g h t   rebounce  s ince   i t   i s  

the  compres s ion   wave  energy  only  t h a t   makes  the  element  rebounce .   The 

t e n s i l e   wave  energy  does  not  a f f e c t   the  rebounce  and  i f   t he re   is  no  

rebounce  at  a l l   the  impact  v e l o c i t y   may  be  a c c u r a t e   but  i t   may  a l s o  

be  too  h i g h .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   wi th   r e f e r e n c e   to  the  accompany ing  

d r a w i n g s .  

Fig  1  is  a  l o n g i t u d i n a l   view  of  an  impact  motor  a c c o r d i n g   to  the  i n -  

v e n t i o n ,   e .g .   the  impact  motor  of  a  rock  d r i l l .  

Fig  2  is  a  l o n g i t u d i n a l   view  of  an  impact  motor  a cco rd ing   to  the  i n -  

v e n t i o n ,   e .g .   the  impact  motor  of  a  rock  d r i l l .  

Fig  3  is  a  l o n g i t u d i n a l   view  of  an  impact  motor  a cco rd ing   to  the  i n -  

v e n t i o n ,  e . g .   the  impact  motor  of  a  rock  d r i l l .  

Fig  4  is  a  l o n g i t u d i n a l   view  of  the  f r o n t   end  of  a  rock  d r i l l   w h i c h  

can  be  the  f r o n t   end  of  any one  of  the  impact  motors  of  Fig  1,  Fig  2 ,  

or  Fig  3  when  they  are  adapted  as  rock  d r i l l s .  

The  impact  device   shown  in  Fig  1  is  a  h y d r a u l i c   rock  d r i l l ,   a  h y d r a u -  

l i c   jack   hammer  or  the  l i k e .   It   compr ises   a  hous ing  11  forming  a  

c y l i n d e r   12  in  which  a  hammer  p i s t o n   13  is  r e c i p r o c a b l e   to  i m p a c t  

upon  an  a n v i l   e lement   14,  for  example  a  c h i s e l ,   a  rock  d r i l l   stem  o r  



an  adap t e r   for  a  rock  d r i l l   stem.  A  shou lde r   15  on  the  anv i l   e l e m e n t  

takes  suppor t   on  a  s l eeve   16  on  a  damping  p i s t o n   17  for  damping  t h e  

r e f l e c t e d   compress ive   shock  waves.  The  damping  p i s t o n   17  is  f o r c e d  

fo rward ly   into  i t s   fo remost   p o s i t i o n   as  shown  by  the  h y d r a u l i c  

p r e s s u r e   in  a  c y l i n d e r   chamber  18  tha t   is  c o n s t a n t l y   p r e s s u r i z e d  

through  a  passage  19.  The  p r e s s u r e   ac ts   on  an  annu l a r   p i s t o n   s u r f a c e  

9  of  the  damping  p i s t o n .   The  hammer  p i s t o n   13  has  two  lands  20,  21 

so  tha t   a  f ron t   c y l i n d e r   chamber  22,  a  r ea r   c y l i n d e r   chamber  23  and  

an  i n t e r m e d i a t e   c y l i n d e r   chamber  24  are  formed  between  the  p i s t o n   13 

and  the  c y l i n d e r   12.  The  p i s t o n   13  is  d r iven   f o r w a r d l y   by  the  p r e s -  

sure  a c t i n g   on  i t s   s u r f a c e   25  and  d r iven   r e a r w a r d l y   by  the  p r e s s u r e  

a c t i n g   on  i t s   s u r f a c e   26.  A  valve  27  is  connec ted   to  an  i n l e t   28 

coupled  to  a  source  of  high  p r e s s u r e   h y d r a u l i c   f l u i d   and  to  an  o u t -  

l e t   29  coupled  to  tank.   Accumula tors   30,  31  are  coupled  to  the  i n l e t  

28  and  the  o u t l e t   29.  The  i n t e r m e d i a t e   c y l i n d e r   chamber  24  is  c o n -  

s t a n t l y   connec ted   to  the  o u t l e t   29  by  means  of  a  passage   29a.  The 

valve  27  is  coupled  to  the  r ea r   c y l i n d e r   chamber  23  by  means  of  a  

supply  passage   32  and  to  the  f ron t   c y l i n d e r   chamber  22  by  means  o f  

a  supply  passage   33.  The  va lve   27  has  a  v a l v i n g   spool  34  which  i n  

i t s   i l l u s t r a t e d   p o s i t i o n   connec ts   the  r e a r   c y l i n d e r   chamber  23  t o  

p r e s s u r e   and  the  f r o n t   c y l i n d e r   chamber  22  to  tank.   The  spool  34  h a s  

c y l i n d r i c a l   end  p o r t i o n s   35,  36,  the  end  faces   o f  wh ich   have  p i s t o n  

s u r f a c e s   tha t   are  s u b j e c t   to  the  p r e s s u r e   in  c o n t r o l   pa s sages   37,  42 

tha t   each  are  branched  into  four  b r anches   so  tha t   they  each  have  f o u r  

por t s   38,  39,  40,  41  and  43,  44,  45,  46  r e s p e c t i v e l y   into  the  c y l i n -  

der  12.  A  c y l i n d r i c a l   bore  47  i n t e r s e c t s   a l l   e igh t   b ranches   and  a  

c y l i n d r i c a l   pin  48  is  s l i d a b l e   with  a  t i g h t   f i t   in  the  bore  47.  T h i s  

pin  48  has  two  r e c e s s e s   49,  50.  I n t e g r a l   with  the  pin  48  t h e r e   i s  

a  c o n t r o l   p i s t o n   55  tha t   d i v i d e s   a  c y l i n d e r   in to   two  c y l i n d e r   cham- 

bers  56,  57  and  a  dash  pot  p i s t o n   5 8 .  

Compressed  a i r   is  s u p p l i e d   through  a  p r e s s u r e   r e g u l a t o r   59  to  t h e  

two  c y l i n d e r   chambers  56,  57  via  two  pas sages   60,  61.  The  p a s s a g e  
61  c o n t a i n s   a  r e s t r i c t i o n   62 .  

A  passage   63  leads  from  the  c y l i n d e r   chamber  57  to  a  c y l i n d e r   cham- 

ber  64  formed  between  the  housing  11  and  a  land  65  on  the  damping  



p i s t o n   17.  The  f r o n t   end  face  66  of  the  land  abuts   a g a i n s t   a  s h o u l d e r  

67  in  the  hous ing   11  to  de f ine   the  impact  p o s i t i o n   of  the  anv i l   e l e -  

ment  14.  One  or  more   passages   68  lead  a x i a l l y   through  the  land  65  and  

they  are  c losed   when  the  damping  p i s t o n   17  is  fo rced   f o r w a r d l y   i n t o  

i t s   normal  p o s i t o n   as  shown  in  Fig  1  but  they  are  ven ted   through  a  

passage   69  to  the  a tmosphere   when  the  damping  p i s t o n   17  is  off  t h e  

s h o u l d e r   6 7 .  

The  o p e r a t i o n   of  the  impact  device   of  Fig  1  w i l l   now  be  d e s c r i b e d .  

The  hammer  p i s t o n   13  is  shown  in  Fig  1  moving  f o r w a r d l y   in  i t s   work 

s t r o k e   (to  the  l e f t   in  Fig  1),  and  the  va lve   spool  34  is  then  in  i t s  

i l l u s t r a t e d   p o s i t i o n .   When  the  por t   45  of  the  c o n t r o l   passage   42  i s  

opened  to  the  r e a r   c y l i n d e r   chamber  23,  the  c o n t r o l   passage   42  w i l l  

convey  p r e s s u r e   to  the  c o n t r o l   p i s t o n   36  so  tha t   the  va lve   spool  34 

is  moved  to  the  r i g h t   in  Fig  1.  The  va lve   spool  34  should  p r e f e r e a b l y  

f i n i s h   i t s   movement  at  the  very  moment  the  hammer  p i s t o n   13  i m p a c t s  

upon  the  anv i l   14.  Thus,  the  p r e s s u r e   e x i s t i n g   from  the  moment  o f  

impact  in  the  f r o n t   c y l i n d e r   chamber  22  moves  the  hammer  p i s t o n   13 

r e a r w a r d l y   u n t i l   the  branch  40  of  the  c o n t r o l   passage   37  is  opended  

to  the  f r o n t   p r e s s u r e   chamber  22.  Then,  the  c o n t r o l   passage   37  c o n -  

veys  p r e s s u r e   to  the  c o n t r o l   p i s t o n   35  which  moves  the  va lve   s p o o l  

34  back  to  i t s   i l l u s t r a t e d   p o s i t i o n   so  t h a t   the  r e a r   c y l i n d e r   cham- 

ber  23  is  again  p r e s s u r i z e d .   The  p r e s s u r e   in  the  r ea r   c y l i n d e r  

chamber  23  r e t a r d s   the  hammer  p i s t o n   13  and  a c c e l e r a t e s   i t   f o r w a r d l y  

aga in   so  t h a t   the  hammer  p i s t o n   13  per forms  ano the r   work  s t r o k e .  

The  va lve   spool  34  has  annu la r   s u r f a c e s   52,  53  and  i n t e r n a l   p a s s a g e s  

51,  54  which  hold  the  va lve   spool  in  p o s i t i o n   dur ing  the  p e r i o d s  

when  the  c o n t r o l   p i s t o n s   35,  36  do  not  p o s i t i v e l y   hold  the  p i s t o n .  

The  annu l a r   s u r f a c e s 5 2 ,   53  are  sma l l e r   than  the  end  faces   of  t h e  

p i s t o n s   35,  3 6 .  

When  the  pin  48  is  in  i t s   i l l u s t r a t e d   p o s i t i o n ,   the  por t   40  of  t h e  

c o n t r o l   passage   37  and  the  por t   45  of  the  c o n t r o l   passage   42  are  t h e  

p o r t s   t h a t   make  the  va lve   spool  s h i f t   p o s i t i o n .   The  o ther   po r t s   a r e  

i n a c t i v a t e d .   In  o the r   p o s i t i o n s   of  the  pin  48 one  pa i r   of  the  t h r e e  

p a i r s   of  po r t s   38,  43;  39,  44  and  41,  46  r e s p e c t i v e l y   is  s e l e c t e d   t o  

c o o p e r a t e   to  c o n t r o l   the  v a l v e .  



The  f i r s t   one  of  the  po r t s   38-41  tha t   is  opened  to  t h e  f r o n t  c y l i n d e r  

chamber  22  dur ing  the  r e t u r n   s t roke   of  the  hammer  p i s t o n   i n i t i a t e s  

the  valve  spool  34  to  s h i f t   p o s i t i o n .   Thus,  by  a d j u s t i n g   the  a x i a l  

p o s i t i o n   of  the  pin,   the  o p e r a t o r   p r e - s e l e c t s   the  s t roke   l eng th   o f  

the  hammer  p i s t o n .  T h e   a x i a l   d i s t a n c e s   between  the  po r t s   43-46  a r e  

sma l l e r   than  the  c o r r e s p o n d i n g   d i s t a n c e s   between  the  po r t s   3 8 - 4 1 .  

The  ax i a l   p o s i t i o n s   of  the  por t s   43-46  in  the  c y l i n d e r   are  such  t h a t  

for  each  s t roke   l eng th   the  s e l e c t e d   one  of  the  po r t s   43-46  is  u n c o v -  

ered  a  d i s t a n c e   be fore   the  impact  p o s t i o n   of  the  hammer  p i s t o n ,   and  

the  d i s t a n c e   is  such  tha t   the  valve  spool  has  j u s t   moved  to  i t s  

p o s i t i o n   for  p r e s s u r i z i n g   the  f r o n t   p r e s s u r e   chamber  when  the  hammer 

p i s t o n   13  impacts   the  anv i l   14.  The  d i s t a n c e s  b e t w e e n   the  po r t s   43 -46  

are  such  tha t   the  s e l e c t e d   port   is  uncovered   the  same  pe r iod   of  t i m e  

be fo re   impact  occurs   i n d e p e n d e n t l y   of  which  one  of  the  four  po r t s   i s  

s e l e c t e d .  

When  the re   are  no  r e f l e c t e d   compress ive   shock  waves,  the  damping 

p i s t o n   17  w i l l   not  rebounce  and  the  passage   63  w i l l   be  c o n s t a n t l y  

b locked .   Thus,  t he re   w i l l   be  a  p r e s s u r e   ba l ance   on  the  p i s t o n   55.  The 

d i f f e r e n t i a l   area  of  the  p i s t o n   55  w i l l   move  the  p i s t o n   to  the  l e f t  

in  Fig  1  and  the  s t roke   l e n g t h .  o f  t h e   hammer  p i s t o n   w i l l   a c c o r d i n g l y  

d e c r e a s e   u n t i l   the  damping  p i s t o n   17  s t a r t s   to  r ebounce .   The  p e r i o d i c  

rebounce  wi l l   cause  a i r   to  leak  through  the  passage   63  so  t h a t   t h e  

p r e s s u r e   in  the  chamber  57  d e c r e a s e s   and  the  p i s t o n   w i l l   stop  moving  

to  the  l e f t   in  Fig  l.  The  p i s t o n   should  be  so  ba l anced   t ha t   i t   t a k e s  

up  a  p o s i t i o n   in  which  the  damping  p i s t o n   17  r ebounces   only  a  l i t t l e ,  

which  means  tha t   a  s l i g h t   amount  of  energy  r e f l e c t s   as  c o m p r e s s i o n  

waves.  The  ba l ance   of  the  p i s t o n   is  de f ined   by  i t s   d i f f e r e n t i a l   a r e a ,  

the  r e s t r i c t i o n   62,  the  supp l i ed   a i r   p r e s s u r e ,   and  of  course   t h e  

damping  p i s t o n   17.  The  dash -po t   p i s t o n   58  slows  down  the  movement  o f  

the  damping  p i s t o n   17,  and  makes  the  c o n t r o l   more  s t a b l e .  

When  the  d r i l l   b i t   is  new  or  newly  r e g r i n d e d ,   it   needs  l e s s   s h o c k  

wave  energy  and  the  s t roke   l eng th   is  a u t o m a t i c a l l y   reduced  so  t h a t  

the  d r i l l   b i t   w i l l   not  wear  down  u n n e c e s s a r i l y   f a s t .   Then,  the  s t r o k e  

l eng th   i n c r e a s e s   as  the  d r i l l   b i t   becomes  worn.  The  s t roke   l eng th   i s  

a lso   a u t o m a t i c a l l y   a d j u s t e d   to  va ry ing   rock  p r o p e r t i e s   and  to  t h e  

l eng th   of  the  d r i l l   stem  when  the  d r i l l   stem  is  made  up  of  e x t e n t i o n  



r o d s .  

In  Fig  2,  an  a l t e r n a t i v e   system  for  c o n t r o l l i n g   the  pin  48  is  shown. 

A  p lunge r   p i s t o n   71  is  f i xed   with  the  pin  48  and  a  passage   72  with  a  
check  va lve   73  leads   d i r e c t l y   between  the  c y l i n d e r   chamber  18  of  t h e  

damping  p i s t o n   17  a n d  t h e   c y l i n d e r   chamber  74  of  the  p lunger   p i s t o n  

71.  The  check  va lve   73  is  b y - p a s s e d   by  a  passage   75  with  a  r e s t r i c -  

t i on   76.  An  annu la r   land  77  between  the  pin  48  and  the  p lunger   p i s -  

ton  71  d i v i d e s   a  wider  c y l i n d e r   into  two  c y l i n d e r   chambers  78,  79 .  

The  c y l i n d e r   chamber  78  is  c o n t i n u o u s l y   d r a ined   th rough  a  passage   80 

and  the  c y l i n d e r   chamber  79  is  c o n t i n u o u s l y   p r e s s u r i z e d   through  a  

passage   81.  In  order   to  make  the  system  i n s e n s i t i v e   to  the  p r e s s u r e  
l e v e l   of  the  h y d r a u l i c   system,  the  annu l a r   area  in  the  c y l i n d e r   cham- 

ber  79  should  equal  the  p lunger   a rea .   A  spr ing   82  is  a r r anged   to  b i a s  

the  pin  48  to  the  l e f t   in  Fig  2 .  

During  d r i l l i n g ,   the  rebounces   of  the  damping  p i s t o n   17  r e s u l t   i n  

p r e s s u r e   peaks  in  the  chamber  18.  The  check  va lve   73  which  is  c l o s e d  

at  the  normal  p r e s s u r e   l e v e l ,   opens  for  each  peak  and  s u p p l i e s   a  

small   amount  of  f l u i d   to  the  p lunger   c y l i n d e r   74,  and  the  p lunger   p i s -  

ton  71  w i l l   move  the  pin  48  to  the  r i g h t   in  the  f i g u r e   a g a i n s t   t h e  

a c t i o n   of  the  sp r ing   so  t ha t   the  s t r o k e   l eng th   of  the  hammer  p i s t o n   13 

i n c r e a s e s   as  d e s c r i b e d   with  r e f e r e n c e   to  Fig  1.  When  the  r e b o u n c e s  

d e c r e a s e ,   the  sp r ing   82  w i l l   fo rce   the  p lunger   71  and  the  pin  48  t o  

the  l e f t   in  Fig  2  u n t i l   the  rebounces   again   tend  to  i n c r e a s e .   T h u s ,  

the  pin  48  w i l l   be  c o n t r o l l e d   in  r e sponse   to  the  compress ive   s h o c k  

waves  as  in  the  embodiment  of  Fig  1 .  

In  the  impact  motors  of  Figs  1  and  2,  the  damping  p i s t o n   17  is  b i a s s e d  

f o r w a r d l y   into  a  de f i ned   normal  p o s i t i o n   into  which  i t   r e t u r n s   o r  

n e a r l y   r e t u r n s   b e f o r e   each  impact  p rov ided   t h a t   the  feed  fo rce   a p p l i e d  

to  the  hous ing   11  is  s m a l l e r   than  the  fo rce   a p p l i e d   to  the  p i s t o n  

s u r f a c e   9  of  the  damping  p i s t o n .  

In  Fig  3,  an  h y d r a u l i c   impact  motor  is  shown  which  has  a  va lve   27  and  

a  va lve   c o n t r o l   system  t h a t   accep t s   v a r i a t i o n   w i t h i n   c e r t a i n   l i m i t s  

of  the  p o s i t i o n   of  the  impact  s u r f a c e   of  the  anv i l   at  the  i n s t a n t   o f  



impact .   T h e r e f o r e ,   the  damping  p i s t o n   17  can  be  f l o a t i n g   as  shown  i n  

Fig  3.  The  pin  48  c o n t r o l s   the  valve  c o n t r o l   passage   37  o n l y ,  i t   does  

not  c o n t r o l   the  valve  c o n t r o l   passage  42.  The  pin  48  is  c o n t r o l l e d  

by  compressed  a i r   of  a  c o n t r o l l e d   p r e s s u r e   in  the  same  way  as  shown  i n  

Fig  1  but  the  ven t ing   of  the  passage  63  is  d i f f e r e n t .   The  chamber  18 

is  supp l i ed   with  compressed  a i r   of  a  c o n t r o l l e d   p r e s s u r e   from  a  s u p p l y  

passage   85  through  a  check  va lve   86  so  tha t   the  a i r   in  the  chamber  18 

forms  an  a i r   sp r ing .   A  coun te r   p i s t o n   87  has  an  annu la r   p i s t o n   s u r f a c e  

88  in  a  c y l i n d e r   chamber  87  which  is ,   in  use,  c o n s t a n t l y   p r e s s u r i z e d  

by  being  connec ted   to  the  supply  passage   85.  The  p i s t o n   s u r f a c e   88  o f  

the  coun te r   p i s t o n   87  must  be  s u b s t a n t i a l l y   sma l l e r   than  the  p i s t o n  

s u r f a c e   9  of  the  damping  p i s t o n   17.  

When  d r i l l i n g   is  to  be  s t a r t e d ,   compressed  a i r   is  f i r s t   s u p p l i e d   t o  

the  supply  passages   60,  61,  88  so  tha t   the  damping  p i s t o n   17  moves  t o  

the  l e f t   in  Fig  3.  When  the  feed  fo rce   is  s u p p l i e d   to  the  hous ing   11 

and  the  impact  motor  is  s t a r t e d ,   the  hous ing   11  moves  f o r w a r d l y   i . e .  

the  damping  p i s t o n   17  moves  inward ly   in  the  housing  11  so  t ha t   t h e  

a i r   in  the  chamber  18  is  compressed  unti l  the resultant   fo rce   of  the  a i r  

s p r i n g  f o r c e   on  the  s u r f a c e   9  and  the  fo rce   on  the  s u r f a c e   88  b a l a n -  

ces  the  r e s u l t a n t   force   of  the  feed  fo rce   and  the  i n t e r n a l   r e c o i l  

f o r c e s .  

When  the  damping  p i s t o n   r ebounces ,   the  coun te r   p i s t o n   87  fo l lows   b u t  

s ince   the  a c c e l e r a t i o n   of  the  rebounce  is  very  h igh,   t he re   w i l l  

temporary   be  a  gap  90  between  the  damping  p i s t o n   17  and  coun te r   p i s -  

ton  87.  This  p e r i o d i c a l   gap  p r o v i d e s   a  leak  passage   through  w h i c h  

the  passage   63  is  vented   to  the  a tmosphere   via   a  c l e a r a n c e   91  b e t w e e n  

the  anv i l   14  and  the  coun te r   p i s t o n   87.  This  v e n t i n g   of  the  p a s s a g e  
63  c o n t r o l s   the  p o s i t i o n   of  the  pin  48  in  the  same  way  as  d e s c r i b e d  

with  r e f e r e n c e   to  Fig  1.  

In  the  embodiments  d e s c r i b e d   above,  the  movement  r e l a t e d   to  the  r e -  

f l e c t e d   compress ive   shock  waves  only  is  sensed.   Ne i the r   the  p r i m a r y  

compress ive   shock  waves  nor  the  r e f l e c t e d   t e n s i l e   shock  waves  w i l l  

induce  rebounces   of  the  damping  p i s t o n   17,  which  makes  the  s y s t e m  

very  s i m p l e .  



A s  a n  a l t e r n a t i v e ,   the  movements  of  the  d r i l l   stem  can  be  sensed,   f o r  

e x a m p l e  b y   means  of  l i g h t   e m i t t e r ,   a  bundle   of  op t i c   f i b r e s   and  a  
p h o t o c e l l .   The  e l e c t r i c   s i g n a l   from  the  p h o t o c e l l   can  then  be  a n a -  

lyzed  and  p r o c e s s e d   to  give  a  c o n t r o l   s i g n a l   for  c o n t r o l l i n g   a  c o n t r o l  

pin  48  of  the  kind  shown  in  the  F igu re s   or  any  o ther   kind  of  means 

for  a d j u s t i n g   the  impact  v e l o c i t y   of  the  hammer  p i s t o n .   Then,  i t   i s  

advan tageous   to  compare  the  movements  r e l a t e d   to  the  r e f l e c t e d   s h o c k  

wave with  the  pr imary  shock  wave  and  to  a d j u s t   the  impact  v e l o c i t y  

in  r e sponse   to  the  q u o t i e n t   of  the  l eng ths   of  the  movements .  

If  the  impact  device   shown  in  Figs  1,  2,  or  3  is  a  rock  d r i l l ,   i t s  

f r o n t   end  can  be  as  shown  in  Fig  4.  Then,  the  shou lde r   15  of  the  a n v i l  

e lement   14  is  the  r e a r   end  s u r f a c e   15  of  a  n o n - c i r c u l a r   widened  p o r -  
t i o n   98  of  a  d r i l l   stem  a d a p t e r   14.  The  p o r t i o n   98  engages  with  a  

chuck  bushing   92  with  an  i n s e r t   bushing   93  so  t ha t   i t   r o t a t e s   c o n -  

j o i n t l y   with  the  chuck  bush ing .   The  chuck  bushing  92  is  r o t a t e d   by  

means  of  a  n o n - i l l u s t r a t e d   r o t a t i o n   motor  through  a  d r ive   sha f t   95  and  

a  gea r i ng   9 4 .  

Al though ,   in  the  F i g u r e s ,   only  four   p o r t s   38-41  with  four   r e s p e c t i v e  

passages   t h a t   i n t e r s e c t   the  bore  47  and  only  four  p o r t s   43-46  w i t h  

four  r e s p e c t i v e   pas sages   t h a t   i n t e r s e c t   the  bore  47  are  shown,  i t   i s  

advan tageous   and  d e s i r a b l e   t ha t   the  d i s c r e t e   po r t s   and  t h e i r   p a s s a g e s  

a x i a l l y   ove r l ap   one  ano the r   in  order   to  make  the  c o n t r o l   s u b s t a n t i a l l y  

s t e p l e s s .   For  t h i s   purpose   the  po r t s   and  the  r e s p e c t i v e   passages   c a n  

for   example  be  a r r anged   in  two  or  t h r e e   ax ia l   rows  so  tha t   they  a x i a l -  

ly  over lap   one  ano the r   but  s t i l l   remain  d i s c r e t e .  



1.  Method  of  c o n t r o l l i n g   an  impact  motor  tha t   compr ises   a  r e c i p r o -  

c a t i n g   hammer  p i s t o n   (13)  t h a t ,   when  impac t ing   upon  an  anv i l   ( 1 4 ) ,  

c o n v e r t s   i t s   k i n e t i c   energy  to  shock  wave  energy  t ha t   p r o p a g a t e s  

through  an  e l o n g a t e   tool   (14),  for  example  a  tool   in  the  form  of  a  

d r i l l   stem  or  c h i s e l ,   c  h  a  r  a  c  t  e  r  i  z  e  d   b y  the  s t eps   o f  

sens ing   the  r e f l e c t e d   shock  waves  and  a d j u s t i n g   the  impact  v e l o c i t y   o f  

the  hammer  p i s t o n   (13)  in  response   to  the  sensed  r e f l e c t e d   shock  waves  
such  tha t   the  r e f l e c t e d   shock  wave  energy  is  m i n i m i z e d .  

2.  Method  a cco rd ing   to  claim  1 ,  c  h  a  r  a  c  t  e  r  i  z  e  d   i  n  

t ha t   the  s t roke   l eng th   of  the  hammer  p i s t o n   (13)  is  a d j u s t e d   in  o r d e r  

to  a d j u s t   the  impact  v e l o c i t y   of  the  hammer  p i s t o n .  

3.  Method  acco rd ing   to  claim  1  or  2,  c  h  a  r  a  c  t  e  r  i  z  e  d  

i  n  tha t   the  impact  v e l o c i t y   of  the  hammer  p i s t o n   (13)  is  so  a d j u s t e d  

as  to  make  the  r e f l e c t e d   shock  wave  energy  small  and  s u b s t a n t i a l l y   i n  

the  form  of  compress ive   wave  e n e r g y .  

4.  Method  a cco rd ing   to  any one  of  the  p r e c e d i n g   c l a ims ,   c  h  a  -  

r  a  c  t  e  r  i  z  e  d   i  n   tha t   the  movement  coupled  to  the  r e f l e c t e d  

shock  waves  is  s e n s e d .  

5.  Method  a cco rd ing   to  claim  4,  c  h  a  r  a  c  t  e  r  i  z  e  d   i  n  

tha t   the  movement  coupled  to  the  r e f l e c t e d   shock  waves  and  the  move-  

ment  coupled  to  the  pr imary   shock  waves  are  sensed  and  the  i m p a c t  

v e l o c i t y   is  a d j u s t e d   in  r esponse   to  the  q u o t i e n t   of  the  l e n g t h s   o f  

said  movements .  

6.  Impact  motor  compr i s ing   a  r e c i p r o c a t i n g   hammer  p i s t o n   (13)  

tha t   is  a r r anged   to  impact  upon  an  anv i l   (14)  so  as  to  conver t   i t s  

k i n e t i c   energy  to  shock  wave  energy  t h a t   wi l l   p r o p a g a t e   through  an  

e l o n g a t e   tool   (14)  for  example  a  tool   in  the  form  of  a  d r i l l   stem  o r  

c h i s e l ,   and  an  a d j u s t i n g   device  (48)  for  a d j u s t i n g   the  impact  v e l o -  

c i t y   of  the  hammer  p i s t o n ,   c  h  a  r  a  c  t  e  r  i  z  e  d   b y  means  ( 5 5 ,  

71)  for  sens ing   the  movement  coupled  to  the  r e f l e c t e d   shock  waves  



and  c o n t r o l l i n g   said  a d j u s t i n g   device   (48)  in  r e sponse   to  the  amount 

of  r e f l e c t e d   shock  waves  in  order   to  minimize  the  r e f l e c t e d   s h o c k  

wave  e n e r g y .  

7.  Impact  motor  a c c o r d i n g   to  c l a im 6   where in   an  e l a s t i c a l l y   y i e l d -  

able   e lement   (17)  is  a r r anged   to  t r a n s m i t   a  feed  fo rce   to  the  t o o l ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   i  n   t ha t   said  sens ing   means  (55)  is  a r -  

ranged  to  sense  the  rebounce   of  sa id   y i e l d a b l e   element  (17)  and  t o  

c o n t r o l   sa id   a d j u s t i n g   device   (48)  such  tha t   the  rebounce  of  t h e  

y i e l d a b l e   element  (17)  w i l l   be  small  but  e x i s t i n g .  
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