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Description 

This  invention  relates  to  a  hydraulic  down-the  -hole 
rock  drill  comprising  a  housing  arranged  to  be  mounted 
to  the  front  end  of  a  drill  tube,  a  drill  bit  slidably  received 
and  retained  by  the  front  end  of  the  housing  and  having 
a  channel  extending  longitudinally  therethrough,  a  head 
at  the  rear  end  of  the  housing,  a  port  in  said  head  ar- 
ranged  to  be  supplied  with  pressurized  hydraulic  fluid 
from  said  drill  tube,  a  piston  hammer  arranged  to  repet- 
itively  impact  on  said  drill  bit  and  having  a  a  longitudinal 
channel  therethrough,  a  control  valve  in  said  head,  a 
flushing  fluid  channel  extending  from  said  valve  to  the 
front  end  of  said  drill  bit  and  including  said  channels  in 
the  piston  hammmer  and  in  the  drill  bit,  said  piston  ham- 
mer  having  a  first  piston  surface  in  a  first  pressure  cham- 
ber  to  drive  the  piston  hammer  forwardly  when  said  first 
pressure  chamber  is  pressurized,  a  second  piston  sur- 
face  in  a  second  pressure  chamber  arranged  to  drive  the 
piston  hammer  rearward  ly  when  said  first  chamber  is  de- 
pressurized,  said  valve  being  arranged  to  alternately 
connect  said  first  pressure  chamber  to  said  port  and  to 
said  flushing  fluid  channel  so  as  to  reciprocate  the  piston 
hammer. 

Such  a  hydraulic  down-the-hole  rock  drill,  in  which 
the  spent  drive  fluid  is  used  as  a  flushing  medium,  is  de- 
scribed  in  applicant's  W089/00638  which  is  the  closest 
prior  art. 

It  is  an  object  of  the  invention  to  improve  the  power 
efficiency  of  a  rock  drill  of  the  kind  specified  and  to  extend 
its  expected  life. 

The  invention  will  be  described  with  reference  to  the 
accompanying  drawings  which  show  an  embodiment  of 
the  invention. 

Fig  1  is  a  longitudinal  view  through  a  hydraulic 
down-the-hole  rock  drill. 
Fig  2  is  a  view  corresponding  to  Figl,  but  it  shows 
some  details  in  other  relative  positions. 

The  drill  shown  in  the  figures  has  a  tubular  housing 
1  1  .  A  sleeve-like  insert  1  2  is  fixed  to  the  front  end  of  the 
housing  11  by  means  of  threads.  It  forms  a  holder  for  a 
drill  bit  1  3.  Since  the  drill  bit  and  the  way  it  is  retained  in 
its  holder  are  conventional,  only  the  rear  end  of  the  drill 
bit,  the  shank,  is  shown. 

The  drill  bit  1  3  is  axial  ly  slidable  in  its  holder  a  limited 
distance  and  it  is  shown  in  its  rear  end  position  in  which 
it  is  during  drilling.  The  drill  bit  13  is  locked  against  rota- 
tion  to  the  housing  11  in  a  conventional  way.  A  central 
flushing  fluid  passage  15  leads  from  the  annular  rear  end 
surface  19,  the  impact  surface,  of  the  drill  bit  shank  to 
the  front  end  of  the  drill  bit 

At  the  rear  end  of  the  housing  11,  there  is  also  a 
sleeve-like  insert  1  4.  This  insert  1  4  is  axially  clamped  be- 
tween  a  shoulder  16  in  the  housing  11  and  a  spacer 
sleeve  17  by  means  of  a  non-illustrated  sub  that  is 
threaded  to  the  housing  and  has  threads  by  means  of 

which  it  can  be  fixed  to  the  lower  end  of  a  drill  pipe.  The 
insert  14  forms  a  head  in  the  upper  end  of  the  housing 
11  and  it  forms  a  housing  for  a  tubular  valving  element 
18. 

5  A  piston  hammer  20  has  a  front  end  21  sealingly 
guided  in  a  cylindrical  guiding  portion  22  of  the  front  in- 
sert  12  and  a  rear  end  24-26  sealingly  guided  in  a  cylin- 
drical  guiding  portion  27  of  the  rear  insert  14.  The  rear 
guided  portion  24-  26  of  the  piston  hammer  1  1  has  a  con- 

10  trol  groove  26  so  that  it  comprises  two  lands  24,25.  A 
chamber  28  extends  axially  between  the  two  piston  guid- 
ing  portions  22,  27.  Thus  the  major  part  of  the  length  of 
the  piston  hammer  20  runs  freely  without  contact  with 
the  housing.  In  a  drill  with  an  outer  diameter  of  1  00  mm, 

is  the  piston  can  be  500  mm  long  and  the  distance  between 
the  two  guiding  portions  22,27  can  be  400  mm.  As 
shown,  the  major  length  of  the  piston  hammer  20  can 
have  a  greater  diameter  than  its  guided  portions  21  and 
23,24  respectivelythis  enlarged  major  portion  has  been 

20  given  the  reference  numeral  29.  The  diameter  of  the  rear 
guiding  portion  27  is  greater  than  the  diameter  of  the  front 
guiding  portion  22  which  provides  for  a  differential  piston 
area  of  the  piston  hammer  in  the  chamber  28  so  that  the 
pressure  in  the  chamber  28,  which  is  permanently  pre- 

25  vailing  as  will  be  described  later,  will  cause  a  continuous 
upward  directed  force  on  the  piston  hammer. 

The  piston  has  a  central  longitudinal  channel  30  that 
is  coaxial  with  the  channel  15  in  the  drill  bit  13.  The  rear 
insert  14  has  a  central  tube  31  that  protrudes  into  the 

30  channel  30  in  the  piston  with  a  sliding  fit  and  the  valving 
element  18  is  located  at  the  rear  of  the  tube  31  and  it  is 
coaxial  with  the  tube.  The  back  end  of  the  insert  14  has 
a  cap  32  so  that  the  flushing  fluid  channel  15  in  the  drill 
bit  extends  straight  all  the  way  back  to  the  cap  32  through 

35  the  interior  of  the  sleeve-like  valving  element  1  8.  The  an- 
nular  rear  end  surface  33  of  the  piston  hammer  20  is  in 
a  cylinder  chamber  34.  The  piston  area  of  this  piston  sur- 
face  33  is  greater  than  the  differential  piston  area  of  the 
piston  hammer  located  in  the  chamber  28;  it  is  several 

40  times  greater  for  example  four  times  greater.  The  tube  31 
has  a  number  of  holes  35  that  are  normally  blocked. 

The  valving  element  18  and  its  housing  form  three 
chambers  36,  37,  38.  The  valving  element  18  has  a  sliding 
surface  40  above  the  chamber  37  and  a  sliding  surface 

45  41  below  the  chamber  37.  The  diameter  of  the  sliding 
surface  40  is  greater  than  the  diameter  of  the  sliding  sur- 
face  41  so  that  a  differential  piston  area  is  provided  that 
gives  an  upward  directed  differential  force  on  the  valving 
element  1  8  when  the  chamber  37  is  pressurized.  This  dif- 

so  ferential  piston  area  is  however  smaller  than  the  annular 
piston  surface  43  that  is  in  the  chamber  36  and  gives  a 
downward  force  when  the  chamber  36  is  pressurized. 

In  the  rear  insert  14,  there  is  a  supply  passage  50 
that  has  a  port  51  to  the  sub,  that  is  to  the  interior  of  the 

55  drill  tube,  a  port  52  to  the  chamber  37,  and  a  port  53  to 
the  chamber  28.  A  passage  55  extends  between  two 
ports  56,  57,  that  is,  the  passage  55  is  always  open  to  the 
flushing  fluid  channel  15,30,31  .  A  passage  58  connects 
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the  two  chambers  34  and  38.  A  control  passage  61  for 
shifting  the  position  of  the  valving  element  has  a  port  62 
into  the  chamber  36  and  control  ports  63,64. 

The  valving  element  has  two  positions;a  rear  posi- 
tion  shown  in  Fig  1  in  which  it  opens  the  chamber  38  to 
thetube31  and  aforward  position  shown  in  Fig  2  in  which 
it  opens  the  chamber  37  to  the  chamber  38.  The  valving 
element  has  a  valving  edge  68  that  cooperates  with  an 
edge  69  in  the  valve  housing.  A  number  of  teeth  70  ex- 
tend  beyond  the  valving  edge  68  so  as  to  define  the  for- 
ward  position  of  the  valving  element  shown  in  Fig  2  in 
which  the  edges  68  and  69  overlap. 

The  operation  of  the  drill  will  now  be  described. 
The  non-illustrated  drill  pipe  transmits  rotation  and 

a  feed  force  to  the  drill  housing  11.  The  feed  force  is 
transmitted  from  the  drill  housing  11  to  the  drillbit  which 
co-rotates  with  the  housing  11.  Drive  fluid,  that  is,  water 
under  pressure,  is  supplied  through  the  drill  pipe  and  the 
supply  passage  50  is  continuously  pressurized  through 
its  port  51  .  Thus,  the  chambers  37  and  28  are  continu- 
ously  pressurized.  In  Fig  1,  the  piston  hammer  20  is  in 
its  position  of  impacting  on  the  drill  bit  1  3.  During  the  for- 
ward  hammering  stroke  that  the  piston  just  ended,  the 
valving  element  18  was  in  its  position  shown  in  Fig  2 
since  the  control  passage  was  pressurized,  but,  during 
the  hammering  stroke,  the  port  63  of  the  control  passage 
61  is  opened  to  the  control  groove  26,  the  port  64  is 
blocked  by  the  land  25  of  the  piston  hammer  and  when 
the  port  57  of  the  drain  passage  55  is  opened  to  the  con- 
trol  groove  26  the  control  passage  61  drains  the  control 
chamber  36  so  that  the  pressure  in  the  chambers  37,38 
moves  the  valving  element  18  upwards  so  that  the  cyl- 
inder  chamber  34  at  the  rear  of  the  piston  hammer  is 
drained.  As  a  result,  the  pressure  in  the  chamber  28 
moves  the  piston  hammer  backwards.  Then,  during  the 
upward  return  stroke  of  the  hammer  piston,  the  drain  port 
57  is  blocked  by  the  land  25,  and  the  control  port  64  is 
opened  to  the  chamber  28  so  that  the  control  passage 
61  pressurizes  the  chamber  36.  As  a  result,  the  valving 
element  moves  to  its  forward  position  shown  in  Fig  2  in 
which  it  pressurizes  the  cylinder  chamber  34  so  that  the 
piston  hammer  turns  and  starts  its  forward  work  stroke. 

Drilling  is  interrupted  automatically  when  the  drill 
housing  11  is  lifted  by  means  of  the  drill  pipe  since  the 
drill  bit  13  and  the  piston  hammer  will  move  forwardly 
relative  to  the  housing.  The  piston  hammer  will  move  into 
a  damping  chamber  72  so  that  the  holes  35  will  be  un- 
blocked  and  supply  an  intensive  flow  of  water  to  the 
flushing  fluid  passage  15,30,31. 

At  its  rear  end,  the  piston  hammer  20  is  guided  along 
its  two  lands  24,25  and  at  its  front  end,  it  is  guided  along 
the  length  of  the  guiding  portion  22.  Thus,  more  than  half 
of  its  length  is  located  between  its  short  guiding  lengths 
which  makes  it  possible  to  have  close  tolerances  in  the 
guidings  so  that  the  leakage  is  minimized  and  still  the 
expected  life  of  the  drill  will  be  long.lt  is  not  necessary  to 
have  any  lubricating  additives  to  the  drive  water. 

The  supply  passage  50  and  the  drain  passage  58 

are  shown  as  single  passages.lt  should  be  understood 
that  they  are  multiplied  in  order  to  provide  for  sufficient 
flow.AII  the  supply  passages  50  and  drain  passages  58, 
and  the  passages  61  ,65  for  controlling  the  valve  18  are 

5  located  in  the  rear  insert  14. 
The  drill  can  be  used  not  only  for  drilling  downward 

directed  holes  but  it  can  be  used  in  all  directions.  Thus, 
it  can  even  be  used  to  drill  upward  directed  vertical  holes. 

10 
Claims 

1.  A  hydraulic  down-the-hole  rock  drill  comprising  a 
housing  (11)  arranged  to  be  mounted  to  the  front  end 

is  of  a  drill  pipe,  a  drill  bit  (13)  slidably  received  and 
retained  by  the  front  end  of  the  housing  and  having 
a  channel  (15)  extending  longitudinally  there- 
through,  a  head  (14)  at  the  rear  end  of  the  housing, 
a  port  (51  )  in  said  head  arranged  to  be  supplied  with 

20  pressurized  hydraulic  fluid  from  said  drill  tube,  a  pis- 
ton  hammer  (20)  arranged  to  repetitively  impact  on 
said  drill  bit  and  having  a  a  longitudinal  channel  (30) 
therethrough,  a  control  valve  (18)  in  said  head,  a 
flushingfluid  channel  (15,30,31)  extendingfrom  said 

25  valve  to  the  front  end  of  said  drill  bit  and  including 
said  channels  in  the  piston  hammmer  and  in  the  drill 
bit,  said  piston  hammer  (20)  having  a  first  piston 
area  (33)  in  a  first  pressure  chamber  (34)  to  drive 
the  piston  hammer  forwardly  when  said  first  pres- 

30  sure  chamber  is  pressurized,  a  second  piston  area 
in  a  second  pressure  chamber  (28)  arranged  to  drive 
the  piston  hammer  rearwardly  when  said  first  cham- 
ber  (34)  is  depressurized,  said  valve  (18)  being 
arranged  to  alternately  connect  said  first  pressure 

35  chamber  (34)  to  said  port  (51)  and  to  said  flushing 
fluid  channel  (15,30,31)  so  as  to  reciprocate  the  pis- 
ton  hammer, 

characterized  in  that 
40  said  second  chamber  (28)  is  in  continuous  com- 

munication  with  a  port  (51)  that  is  arranged  to 
be  supplied  with  pressurized  hydraulic  fluid  from 
the  drill  pipe  and  extends  around  the  piston 
hammer  (20)  all  the  way  between  the  front  and 

45  rear  guiding  portions  (22,27),  said  front  guiding 
portion  (22)  having  smaller  a  diameter  than  the 
rear  guiding  portion  (27)  so  as  to  provide  for  said 
second  piston  area. 

so  2.  A  drill  according  to  claim  1  ,  characterized  in  that  at 
least  2/3  of  the  length  of  the  piston  hammer  (20)  is 
unguided  and  located  in  said  second  chamber  (28). 

3.  A  drill  according  to  claim  2,  characterized  in  that  at 
55  least  half  the  length  of  the  piston  hammer  (20)  is  dia- 

metrically  enlarged  as  compared  with  its  guided  por- 
tions. 
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Patentanspriiche 

1.  Hydraulischer  Versenkbohrhammer  mit  einem 
Gehause  (11),  das  dafur  ausgebildet  ist,  an  dem  vor- 
deren  Ende  eines  Bohrgestanges  befestigt  zu  wer-  s 
den,  einem  BohrmeiBel  (1  3),  der  durch  das  vordere 
Ende  des  Gehauses  verschiebbar  aufgenommen 
und  gehalten  ist  und  einen  Kanal  (15)  hat,  welcher 
sich  in  Langsrichtung  durch  ihn  erstreckt,  einem 
Kopf  (14)  an  dem  hinteren  Ende  des  Gehauses,  10 
einem  AnschluB  (51  )  in  dem  Kopf,  der  dafur  ausge- 
bildet  ist,  mit  unter  Druck  stehendem  Hydraulikfluid 
aus  dem  Bohrgestange  versorgt  zu  werden,  einem 
Kolbenhammer  (20),  der  so  angeordnet  ist,  dal3  er 
wiederholt  auf  den  BohrmeiBel  schlagen  kann,  und  15 
einen  durch  ihn  hindurchfuhrenden  Langskanal  (30) 
hat,  einem  Steuerschieber  (18)  in  dem  Kopf,  einem 
Spulfluidkanal  (15,  30,  31  ),  der  sich  von  dem  Schie- 
ber  zu  dem  vorderen  Ende  des  BohrmeiBels 
erstreckt  und  die  Kanale  in  dem  Kolbenhammer  und  20 
in  dem  BohrmeiBel  umfaBt,  wobei  der  Kolbenham- 
mer  (20)  eine  erste  Kolbenflache  (33)  in  einer  ersten 
Druckkammer  hat  (34)  zum  Vorwartstreiben  des 
Kolbenhammers,  wenn  die  erste  Druckkammer  mit 
Druck  beaufschlagt  wird,  und  eine  zweite  Kolbenfla-  25 
che  in  einer  zweiten  Druckkammer  (28),  die  dafur 
ausgebildet  ist,  den  Kolbenhammer  nach  hinten  zu 
treiben,  wenn  der  Druck  in  der  ersten  Kammer  (34) 
abgebaut  wird,  wobei  das  Ventil  (18)  so  angeordnet 
ist,  dal3  es  abwechselnd  die  erste  Druckkammer  30 
(34)  mit  dem  AnschluB  (51)  und  mit  dem  Spulfluid- 
kanal  (15,  30,  31)  verbindet,  so  dal3  der  Kolbenham- 
mer  hin-  und  herbewegt  wird, 

2.  Versenkbohrhammer  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dal3  wenigstens  2/3  der  Lange  des 
Kolbenhammers  (20)  ungefuhrt  und  in  der  zweiten  so 
Kammer  (28)  angeordnet  sind. 

3.  Versenkbohrhammer  nach  Anspruch  2,  dadurch 
gekennzeichnet,  dal3  wenigstens  die  Halfte  der 
Lange  des  Kolbenhammers  (20)  im  Vergleich  zu  sei-  55 
nen  gefuhrten  Teilen  diametral  vergroBert  ist. 

Revendications 

1  .  Perforatrice  hydraulique  en  fond  de  trou  comprenant 
un  corps  (11)  agence  de  maniere  a  pouvoir  etre 
monte  a  I'extremite  anterieure  d'un  tube  de  forage, 
un  trepan  de  forage  (13)  loge  a  coulissement  et 
retenu  par  I'extremite  anteneure  du  corps  et  presen- 
tant  un  canal  (15)  s'etendant  longitudinalement  a 
travers  lui,  une  tete  (1  4)  a  I'extremite  posterieure  du 
corps,  un  orifice  (51),  dans  cette  tete,  dispose  de 
maniere  a  etre  alimente  en  fluide  hydraulique  sous 
pression  en  provenance  du  tube  de  forage,  un  mar- 
teau  piston  (20)  dispose  de  maniere  a  venirfrapper 
d'une  maniere  repetee  le  trepan  de  forage  (13)  et 
presentant  a  travers  lui  un  canal  longitudinal  (30), 
un  clapet  de  commande  (18)  dans  la  tete,  un  canal 
de  fluide  de  rincage  (15,30,31)  s'etendant  a  partirde 
ce  clapet  vers  I'extremite  anterieure  du  trepan  de 
forage  (1  3)  et  comportant  les  canaux  perces  dans 
le  marteau  piston  et  dans  le  trepan  de  forage,  le  mar- 
teau  piston  (20)  ayant  une  premiere  aire  de  piston 
(33)  dans  une  premiere  chambre  a  pression  (34), 
afin  d'entramer  le  marteau  piston  (20)  vers  I'avant 
lorsque  cette  premiere  chambre  a  pression  est  mise 
sous  pression,  une  seconde  aire  de  piston  dans  une 
seconde  chambre  a  pression  (28)  disposee  de 
maniere  a  entraTner  le  marteau  piston  (20)  vers 
I'arriere  lorsque  la  premiere  chambre  (34)  n'est  plus 
mise  sous  pression,  le  clapet  (18)  etant  dispose  de 
maniere  a  connecter  la  premiere  chambre  a  pres- 
sion  (34)  alternativement  a  I'orifice  (51)  et  au  canal 
du  fluide  de  rincage  (15,30,31),  de  maniere  a  pro- 
voquer  un  mouvement  alternatif  du  marteau  piston 
(20),  caracterisee  en  ce  que  la  seconde  chambre 
(28)  est  en  communication  continuelle  avec  un  ori- 
fice  (51  )  qui  est  dispose  de  maniere  a  etre  alimente 
en  fluide  hydraulique  sous  pression  en  provenance 
du  tube  de  forage  et  elle  s'etend  autour  du  marteau 
piston  (20)  sur  toute  la  distance  entre  les  portions 
de  guidage  anterieure  et  posterieure  (22,27),  la  por- 
tion  de  guidage  anterieure  (22)  ayant  un  diametre 
plus  petit  que  celui  de  la  portion  de  guidage  poste- 
rieure  (27)  de  maniere  a  produire  la  seconde  aire  de 
piston. 

2.  Perforatrice  suivant  la  revendication  1  caracterisee 
en  ce  qu'au  moins  les  deux  tiers  de  la  longueur  du 
marteau  piston  (20)  ne  sont  pas  guides  et  sont  loges 
dans  la  seconde  chambre  (28). 

3.  Perforatnce  suivant  la  revendication  2  caracterisee 
en  ce  qu'au  moins  la  moitie  de  la  longueur  du  mar- 
teau  piston  (20)  presente  un  plus  grand  diametre 
comparativement  a  ses  portions  guidees. 

dadurch  gekennzeichnet,  dal3  35 
die  zweite  Kammer  (28)  in  standiger  Verbin- 
dung  mit  einem  AnschluB  (51)  ist,  derdafur  aus- 
gebildet  ist,  mit  unter  Druck  stehendem  Hydrau- 
likfluid  aus  dem  Bohrgestange  versorgt  zu  wer- 
den,  und  sich  urn  den  Kolbenhammer  (20)  iiber  40 
den  gesamten  Weg  zwischen  dem  vorderen 
und  hinteren  Fuhrungsteil  (22,  27)  erstreckt, 
wobei  der  vordere  Fuhrungsteil  (22)  einen  klei- 
neren  Durchmesseralsderhintere  Fuhrungsteil 
(27)  hat,  urn  so  die  zweite  Kolbenflache  zu  45 
schaffen. 
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