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This  invention  pertains  to  a  powered  ratchet 
wrench  for  tightening  or  removing  threaded 
parts.  An  impact  clutch  mechanism  connects  the 
ratchet  mechanism  with  a  rotary  power  source. 

Conventional  powered  ratchet  wrenches,  such 
as  that  disclosed  in  Japanese  Utility  Model 
Gazette  No.  1976-16,555,  have  a  motor  operated 
by  compressed  air  in  the  base  of  the  housing. 
When  a  throttle  lever  is  pressed,  compressed  air 
flows  to  the  motor,  and  the  output  shaft  of  the 
motor  turns  a  transmission  shaft  by  way  of  speed 
reducing  gears.  Slow  speed  and  high  torque  are 
transmitted  to  the  transmission  shaft.  The  eccen- tric  rotation  of  a  crankshaft  at  the  front  end  of  the 
transmission  shaft  oscillates  a  ratchet  yoke.  The 
movement  of  the  ratchet  yoke  causes  the  ratchet 
spindle  or  tool  head  of  a  ratchet  mechanism  to 
rotate  so  that  a  bolt,  nut,  or  other  threaded  part  is 
tightened  or  removed. 

Thus,  in  a  conventional  ratchet  wrench,  the 
gear  drive  continues  to  transmit  motor  torque 
directly  to  the  operator  even  after  the  fastener  has 
been  tightened  to  a  specified  tightening  torque. That  is,  if  the  throttle  lever  is  held  open  after  the 
Fastener  has  been  firmly  tightened,  compressed 
air  continues  to  drive  the  motor  and  the  gears, which  in  turn  drive  the  transmission  shaft  and 
ratchet  mechanism.  Thus,  a  considerable  reaction 
Force  is  transmitted  to  the  operator  as  the  tool 
iries  to  rotate  around  the  tightened,  stationary 
Fastener.  The  operator's  hand  can  be  jerked  for- 
ward  by  the  wrench,  or  the  operator  may  lose  his 
3rip.  Even  if  the  operator  quickly  releases  the 
ever  as  soon  as  tightening  is  finished,  a  reaction 
:orce  is  still  transmitted  to  the  hand.  It  is  difficult 
:o  prevent  the  hand  from  being  pulled  along  or 
rom  losing  its  grip.  Hence,  the  operator  usually 
eleases  the  lever  before  tightening  is  finished, 
rhe  operator  then  turns  the  tool  manually  to 
inish  tightening.  The  tightening  force  applied  by 
hese  prior  art  tools  can  therefore  be  inconsistent. 

In  some  situations,  conventional  powered 
atchet  wrenches  are  unsuitable  for  use  in  tight 
jlaces  where  there  is  room  for  only  one  hand. 
3ecause  the  ratchet  wrench  cannot  be  gripped 
ightly  in  such  cramped  places,  and  since  it  is 
iifficult  to  release  the  throttle  lever  at  exactly  the 
ight  time,  the  hand  is  often  jerked  or  loses  its 
jrip.  The  operator's  hand  can  be  forcefully 
hrown  against  an  obstruction  and  injured,  or  the 
atchet  wrench  can  forcefully  strike  a  projecting 
>art  and  be  damaged. 

There  is  therefore  a  need  for  a  powered  ratchet 
vrench  which  minimizes  the  motor  torque  reac- 
ion  force  transmitted  to  the  operator.  It  is  desir- 
ible  to  provide  a  powered  ratchet  wrench  which 
ninimizes  the  torque  reaction  force  transmitted 
o  the  operator's  hand  so  that  the  hand  is  not 
lulled  along  with  the  tool  while  the  motor  is  still 
iperating  and  torque  is  still  acting  on  the 
astener. 

According  to  the  present  invention  there  is 
•rovide  a  hend-held  powered  ratchet  wrench 

comprising  a  rotary  motor  having  a  rotatable 
output  shaft  drivingly  associated  with  an  eccen- 
tric  crank  which  is  rotatable  eccentrically  to 
oscillate  a  ratchet  yoke  and  operate  a  ratchet 

5  mechanism  for  rotating  a  ratchet  spindle  or  tool 
head  about  an  axis  normal  to  the  output  shaft, 
ratchet  reverse  means  being  provided  to  deter- 
mine  the  direction  of  rotation  of  the  ratchet 
spindle  or  tool  head  resulting  from  the  oscillation 

10  of  the  ratchet  yoke,  wherein  the  connection 
between  the  motor  and  the  ratchet  mechanism 
includes  an  impact  clutch  mechanism  rotated  by 
the  output  shaft  and  driving  a  rotatable  anvil 
having  an  axially  extending  cam  surface  with  a 

15  gradually  rising  portion  and  a  sharply  falling 
portion,  the  anvil  being  connected  to  the  crank 
continuously  to  rotate  the  anvil  and  rotate  the 
ratchet  spindle  or  tool  head  when  the  ratchet 
spindle  or  tool  head  encounters  a  resistance  to 

10  rotation  below  a  sufficient  resistance  and  axially 
to  displace  the  anvil  relative  to  hammer  jaws 
when  said  resistance  to  rotation  is  above  said 
sufficient  resistance  to  cause  the  hammer  jaws  to 
deliver  impacts  to  the  anvil. 

?5  This  invention  provides  a  powered  ratchet 
wrench  such  that,  when  used  to  tighten  or 
remove  a  part  or  fastener,  an  impact  clutch 
mechanism  provides  the  connection  between  the 
tool  motor  and  the  ratchet  mechanism.  To  tighten 

?0  a  fastener,  the  impact  clutch  mechanism  provides 
an  initial  direct  connection  between  the  motor 
and  the  ratchet  mechanism  to  set  or  snug-up  the 
fastener  during  "run  down".  The  ratchet 
mechanism  is  thereafter  rotated  by  a  series  of 

?5  rotational  impacts  delivered  by  the  impact  clutch. 
To  remove  a  fastener,  the  impacts  break  the 
fastener  loose,  while  the  direct  drive  "runs  up" 
the  fastener.  If  the  throttle  lever  is  not  released 
when  fastener  tightening  is  completed,  only  mini- 

w  mal  torque  reaction  force  is  transmitted  to  the 
operator  due  to  the  impact  clutch.  Thus,  the  tool 
can  perform  consistent  tightening  quickly  and 
reliably,  without  manual  assistance. 

More  particularly,  the  ratchet  wrench  according 
is  to  this  invention  is  constructed  so  that  the  motor 

and  ratchet  mechanism  are  connected  with  an 
impact  clutch  rather  than  a  speed  reducing  gear 
device,  as  in  the  conventional  wrench.  The  impact 
clutch  allows  the  ratchet  mechanism  to  rotate 

ro  either  under  direct  motor  power  or  by  rotational 
impacts.  An  impact  can  be  produced  rapidly  and 
extremely  smooth  during  each  motor  rotation,  so 
that  the  threaded  part  can  be  firmly  tightened  by 
the  ratchet.  Thus,  while  the  ratchet  is  tightening 

<5  the  part,  and  after  the  part  is  fully  tightened,  the 
connection  between  the  motor  and  the  ratchet  is 
intermittently  broken,  so  that  the  ratchet  is  rotat- 
ing  with  minimum  reaction  to  the  operator. 

Thus,  if  the  throttle  lever  is  not  released  when 
to  tightening  is  completed,  only  a  minimal  reaction 

force  is  transmitted  to  the  operator.  This  allows 
complete  tightening  to  be  carried  out  consistently 
and  reliably. 

This  wrench  is  also  suitable  for  use  in.  tight 
®  places  with  room  for  only  one  hand  on  the  tool. 
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rhe  hand  won't  be  thrown  against  the  work  piece 
ind  injured,  as  could  happen  previously.  Also,  the 
langer  of  the  ratchet  wrench  striking  an  obstruc- 
ion  and  being  damaged  is  avoided. 

For  a  better  understanding  of  the  present  inven- 
ion  and  to  show  how  the  same  may  be  carried  into 
jffect,  reference  will  now  be  made,  by  way  of 
jxample,  to  the  accompanying  drawings,  in 
which: 

Figure  1  shows  a  longitudinal  cross  section  of  a 
atchet  wrench  according  to  the  invention. 

Figure  2  shown  a  perspective  view  of  the  base 
jnd  of  the  anvil  shaft,  and 

Figure  3  shows  a  cross  section  along  line  III—  III 
jf  Figure  1,  showing  the  hammer  cage  and  cam 
Dall  of  the  impact  clutch  mechanism. 

Figure  1  shows  a  longitudinal  cross  section 
through  a  preferred  embodiment  of  the  ratchet 
wrench.  The  ratchet  wrench  10  is  constructed  of 
several  components  which  will  first  be  described 
generally.  Athrottle  lever  20  controlsthe  airflow  to 
a  rotary  air  motor  30.  The  rotary  output  of  the 
motor  is  transmitted  to  the  hammer  assembly  40 
Df  an  impact  clutch  mechanism.  A  spring  50  biases 
an  anvil  shaft  60  into  association  with  the  hammer 
assembly  40.  The  anvil  shaft  can  be  directly  driven 
by  the  motor  through  the  hammer  assembly  or  can 
be  driven  intermittently  by  a  series  of  rotational 
impacts  from  the  hammer  assembly.  The  rotation 
of  a  crank  on  the  anvil  shaft  causes  the  reversible 
ratchet  mechanism  70  to  rotate  in  the  desired 
direction,  thus  tightening  or  removing  a  threaded 
part  or  fastener.  Only  a  small  reaction  force  is 
transmitted  by  the  tool  to  the  operator  once  the 
fastener  is  tight. 

More  specifically  the  tool  10  includes  a  motor 
housing  11  and  a  ratchet  housing  12,  secured 
together  in  fixed  relation  such  as  by  a  threaded 
coupling  ring  13  and  coupling  nuts  14. 

A  throttle  lever  20  opens  and  closes  a  throttle 
valve  22.  When  throttle  valve  22  is  in  the  open 
position,  compressed  air  enters  the  tool  at  air  inlet 
24  which  is  connected  to  a  suitable  compressed  air 
source.  The  compressed  air  flows  into  the  rotary 
air  motor  30  and  transfers  its  energy  to  the  rotor. 
The  spent  air  is  exhausted  from  exhaust  26. 

The  rotary  motor  30  is  located  in  the  motor 
housing  11.  In  the  preferred  embodiment,  an  air 
motor  is  shown,  but  any  rotary  power  source  such 
as  a  hydraulic  or  electric  motor  could  also  be  used. 

Air  motor  30  has  a  rotor  34  and  an  extending 
output  shaft  31.  The  two  ends  of  rotor  34  are 
supported  by  bearings  33  which  in  turn  are 
supported  by  end  plates  32.  The  rotor  is  mounted 
for  rotation  in  the  cylinder  35,  the  open  ends  of 
which  are  covered  by  the  end  plates  32.  The 
cylinder  has  an  eccentric  bore,  as  is  typical  of 
conventional  air  motors.  A  plurality  of  vanes  36  are 
slidably  mounted  in  radial  slots  in  the  rotor.  The 
vanes  slide  radially  back  and  forth  in  the  slots  as 
the  rotor  turns  due  to  centrifugal  force  and  the 
eccentric  inner  surface  of  cylinder  35.  As  the  inlet 
air  pushes  against  vanes  36,  it  causes  rotor  34  to 
rotate,  thus  causing  output  shaft  31  to  rotate 
therewith. 

Numeral  41  designates  the  hammer  cage,  it  is 
cup  shaped,  having  a  cylindrical  wall  portion  and  a 
base  portion  which  togetherform  an  inner  surface 
designated  by  numeral  44.  Within  the  hammer 

5  cage  on  the  inner  surface  44  are  two  diametrically 
opposed  axial  grooves.  The  axial  grooves  extend 
only  part  way  down  the  cylindrical  wall  portion, 
forming  semi-circular  shoulders  at  a  specified 
distance  above  the  base  portion.  The  hammer 

w  cage  41  in  this  preferred  embodiment  is  directly 
driven  by  the  output  shaft  31,  as  for  example  by  a 
splined  connection.  Alternatively,  however,  the 
hammer  cage  could  be  gear  driven. 

Formed  in  the  base  portion  of  the  hammer  cage 
w  is  a  circular  raceway  47,  which  is  concentric  about 

the  axis  of  rotation.  Coinciding  with  the  raceway, 
but  extending  for  only  a  limited  number  of 
degrees,  is  a  larger-dimensioned  cam  ball  pocket 
46.  The  cam  ball  pocket  typically  describes  an  arc 

io  in  the  range  of  45  to  180  degrees.  A  cam  ball  43  is 
held  in  the  pocket  and  rolls  freely  through  the  arc. 

The  anvil  shaft  60  carries  an  axially  extending 
cam  62.  The  cam  62  is  a  one-sided  cam  and 
projects  axially  from  the  end  of  the  anvil  shaft.  The 

25  cam  forms  a  cam  peak  with  one  gradually  rising 
inclined  surface  adjacent  the  cam  peak  and  one 
sharply  falling  surface  adjacent  the  other  side  of 
the  peak.  The  inclined  surface  occupies  about  a  90 
degree  arc  on  the  anvil  shaft.  The  sharp  surface 

30  facilitates  escape  of  the  cam.  The  cam  62  and  the 
raceway  47  are  dimensioned  so  that  when  the 
hammer  cage  rotates  with  the  cam  extending  into 
the  raceway,  the  hammer  cage  rotates  freely 
without  interference  from  the  cam.  In  other  words, 

35  as  the  raceway  rotates  relative  to  the  cam,  the 
raceway  permits  the  cam  to  extend  into  it  without 
interference. 

The  anvil  shaft  carries  at  least  one,  and  prefer- 
ably  two  anvil  jaws  63.  The  anvil  jaws  and 

40  diametrically  opposed  and  radially  extending.  The 
outer  radial  surfaces  of  the  anvil  jaws  are  dimen- 
sioned  so  that  the  inner  chamber  44  of  the  hammer 
cage  can  rotate  freely  about  the  anvil  jaws. 

The  anvil  shaft  also  carries  an  eccentric  crank  61 
45  at  the  shaft  end  opposite  the  cam  62,  The  anvil 

shaft  60  is  supported  by  needle  bearing  54  so  that  it 
slides  freely  in  the  axial  direction  as  well  as  freely 
rotates.  The  anvil  shaft  is  also  journaled  for 
rotation  and  axial  movement  by  a  bore  in  hammer 

so  cage  top  42. 
Numeral  50  designates  a  helical  coil  biasing 

spring  of  a  size  to  fit  around  a  reduced  diameter 
portion  of  the  anvil  shaft  60  and  abut  against  a 
shoulder  on  the  shaft.  This  biasing  spring  normally 

55  urges  the  anvil  shaft  60  toward  the  base  portion  of 
the  hammer  cage  41  ,  such  that  the  extending  cam 
62  normally  projects  into  the  raceway  47. 

At  least  one,  and  preferably  two  hammer  jaws  45 
are  received  in  the  axial  grooves  of  the  hammer 

60  cage  41.  The  hammer  jaws  are  harden  pins  and 
when  in  place  are  half  embedded  in  the  cylindrical 
wall  portion  and  half  exposed  in  the  inner  chamber 
44.  The  hammer  jaws  rest  on  the  shoulders  of  the 
axial  grooves  so  as  not  to  extend  to  the  base 

65  portion  of  the  hammer  cage.  An  uninterrupted 

3 
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cylindrical  surface  is  provided  belowthe  shoulders 
at  the  base  of  the  inner  chamber  44.  This  surface 
allows  the  hammer  cage  41  to  rotate  relative  to  the 
anvil  jaws  63  when  the  biasing  spring  urges  the 
anvil  shaft  toward  the  base  portion  of  the  hammer 
cage  without  impacting  on  the  anvil  jaws. 

The  hammer  cage  top  42  has  a  short,  snug- 
fitting,  reduced  diameter  portion  that  is  inserted 
into  the  inner  chamber  44  of  the  hammer  cage.  The 
cage  top  also  has  two  diametrically  opposite  pilot 
bores  that  axially  align  with  the  axial  grooves  of 
the  hammer  cage.  The  hammer  jaws  45  are  also 
received  into  these  pilot  bores  to  fix  the  hammer 
jaws  in  an  axial  position  and  to  lock  the  hammer 
cage  and  hammer  cage  top  together  against 
relative  rotation. 

Figure  1  illustrates  the  ratchet  wrench  in  a 
position  when  the  biasing  spring  50  is  extended 
and  the  cam  62  is  positioned  in  the  raceway  47.  The 
anvil  jaws  63  are  biased  by  the  spring  toward  the 
base  of  the  hammer  cage  such  that  during  rotation 
of  the  hammer  cage,  the  hammer  jaws  45  do  not 
intercept  the  anvil  jaws  63.  The  uninterrupted 
cylindrical  portion  of  the  hammer  cage  41,  that 
portion  located  below  the  hammer  jaws,  rotates 
radially  adjacent  to  the  anvil  jaws. 

When  the  anvil  jaws  63  move  axially  forward, 
due  to  the  cam  62  riding  up  on  cam  ball  43  and 
compressing  the  biasing  spring  50,  the  orbit  of  the 
rotating  hammer  jaws  45  intercepts  the  new 
position  of  the  anvil  jaws.  When  the  cam  62  moves 
the  anvil  shaft  axially  forward  during  each  rotation 
of  the  hammer  cage,  the  hammer  jaws  45  produce 
a  series  of  rotational  impact  against  the  anvil  jaws 
63. 

Eccentric  crank  61  is  positioned  at  the  end  of  the 
anvil  shaft  60  opposite  the  cam  62.  The  crank  slides 
axially  in  the  bore  of  a  drive  bushing  52  so  as  to 
allow  for  the  axial  movement  of  the  anvil  shaft. 

Drive  bushing  52  slides  vertically  in  a  bushing 
pocket  72  of  ratchet  yoke  71  so  as  to  accommodate 
the  up  and  down  movement  of  the  crank  61  as  it 
rotates.  The  remaining  oscillating  movement  of 
the  ratchet  yoke  is  transferred  to  the  ratchet 
mechanism  70.  The  ratchet  mechanism  rotates  a 
ratchet  spindle  or  tool  head  73  in  a  conventional 
manner  as  is  well  known  in  the  prior  art. 

By  turning  the  ratchet  reverse  knob  74  to  the 
appropriate  setting,  the  direction  of  rotation  of  the 
ratchet  spindle  can  be  determined.  The  tool  can  be 
operated  to  tighten  or  remove  a  fastener  by  setting 
the  ratchet  reverse  knob  74. 

Operation 
To  set  a  threaded  fastener,  the  ratchet 

mechanism  is  first  simply  directly  driven  by  the 
motor  through  the  impact  clutch  to  rotate  or  "run 
down"  the  fastener  to  a  snug  position.  Next,  to 
fully  tighten  the  fastener,  impacts  are  applied  by 
the  impact  clutch  mechanism  to  further  rotate  the 
ratchet  mechanism  and  further  torque  the 
fastener. 

Figure  1  illustrates  the  "run  down"  position  of 
the  tool.  The  anvil  shaft  60  is  in  its  normal  axial 
position,  that  is  biased  toward  the  base  portion  of 

the  hammer  cage  with  the  one-sided  cam  62 
extending  into  the  raceway  47.  The  cam  ball  43  is 
contained  in  the  limited  arc  cam  ball  pocket  46. 
When  the  air  motor  rotates,  output  shaft  31  causes 

5  hammer  cage  41  to  rotate  with  itduetothesplined 
connection.  The  trailing  shoulder  of  the  rotating 
cam  ball  pocket  engages  and  drives  the  cam  ball  in 
the  direction  of  rotation  directly  of  the  hammer 
cage.  The  cam  ball  next  engages  but  does  not  roll 

10  up  the  inclined  surface  of  the  one-sided  cam  62. 
The  rotating  cam  ball  imparts  rotation  to  the  anvil 
shaft  60.  The  rotation  of  the  crank  61  at  the  end  of 
the  anvil  shaft  causes  the  ratchet  mechanism  to 
"run  down"  the  fastener.  Until  the  ratchet 

15  mechanism  and  the  anvil  shaft  60  encounter 
sufficient  resistance  from  the  fastener  as  it 
becomes  snug,  the  motor  is  directly  driving  the 
ratchet  mechanism  through  the  cam  ball  of  the 
impact  clutch  mechanism. 

20  When  the  ratchet  mechanism  and  the  anvil  shaft 
60  encounter  sufficient  resistance,  the  gradual 
inclined  surface  of  the  cam  62  begins  to  ride  up  on 
the  cam  ball  43  due  to  the  continued  rotation  of  the 
cam  ball  with  the  hammer  cage.  The  anvil  shaft 

25  and  the  attached  anvil  jaws  63  are  moved  axially 
forward  away  from  the  base  portion  of  the 
hammer  cage.  In  other  words,  the  cam  ball 
cooperates  with  the  cam  to  move  the  cam  and 
attached  anvil  shaft  axially  forward  as  the  cam 

30  rides  up  on  the  cam  ball  as  it  revolves  within  the 
cam  ball  pocket  and  rotates  with  the  hammer  cage. 

When  the  cam  peak  overrides  the  top  of  the  cam 
ball,  the  cam  momentarily  maintains  its  axial 
momentum  and  clears  the  cam  ball,  which  con- 

35  tinues  to  rotate  beneath  the  cam.  The  cam  is 
momentarily  in  "free  flight"  before  an  impact 
occurs.  There  are  a  few  degrees  of  clearance 
between  the  trailing  shoulder  of  the  cam  ball 
pocket  and  the  hammer  jaws.  The  anvil  jaws  63 

40  have  been  moved  axially  away  from  the  hammer 
base  portion  and  are  now  in  an  axial  position 
which  intercepts  the  orbit  of  the  rotating  hammer 
jaws  45.  The  exposed  portions  of  the  hammer  jaws 
45  intercept  the  new  position  of  the  anvil  jaws  and 

45  an  impact  is  delivered  to  the  anvil  jaws. 
This  impact  drives  the  anvil  shaft  60  in  the 

direction  of  rotation  of  the  hammer  cage  until 
sufficient  resistance  is  met.  This  resistance  is  the 
resistance  the  fastener  encounters  as  it  tightens 

so  and  is  transferred  from  the  fastener  through  the 
ratchet  mechanism  to  the  anvil  shaft  60.  When 
sufficient  resistance  is  met,  the  anvil  shaft  stops 
rotating  and  the  hammer  jaws  and  anvil  jaws  will 
begin  to  disengage. 

55  At  that  time,  the  force  in  the  compressed  biasing 
spring  50  overcomes  the  axial  momentum  of  the 
anvil  shaft  and  begins  to  push  the  cam  back 
towards  the  hammer  cage  base  as  the  cam  peak 
moves  toward  the  base,  the  steep  escape  surface 

60  adjacent  the  cam  peak  kicks  the  cam  ball  in  the 
direction  of  the  leading  edge  of  the  cam  ball 
pocket.  The  cam  peak  then  again  enters  the 
raceway  47. 

As  the  hammer  cage  continues  to  rotate,  the 
65  cam  62  once  again  encounters  the  cam  ball  43.  The 
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cam  ball  rotates  in  the  cam  ball  pocket  with  the 
cam  until  the  ball  reaches  the  trailing  edge  of  the 
pocket.  If  there  still  is  sufficient  resistance  due  to 
fastener  tension,  the  cam  ball  will  again  force  the 
cam  to  ride  up  on  the  cam  ball  and  the  impact 
sequence  will  be  repeated  until  the  fastener  can 
not  be  further  tightened.  The  cam  ball  thus  times 
the  impacts.  At  ultimate  tightening  torque,  the 
impact  clutch  mechanism  will  continue  to  cause 
the  hammer  to  impact  on  the  anvil.  The  ratchet 
mechanism  will  not  provide  any  more  tightening 
torque  to  the  fastener.  However,  the  tool 
operator  will  not  experience  any  torque  reaction 
due  to  the  tool  turning  on  the  tightened  fastener. 
Rather  the  operator  will  experience  only  the 
minimal  reactions  due  to  the  impact  clutch. 

Other  embodiments  are  considered  to  be 
within  the  scope  of  this  invention.  For  example, 
anvil  shaft  60  can  be  constructed  of  two  pieces  to 
facilitate  the  manufacture  and  assembly  of  the 
tool.  A  separate  cam  portion  having  the  cam 
peak  and  anvil  jaws  can  be  positioned  inside  the 
inner  chamber  44  of  the  hammer  cage  and 
splined  to  a  shaft  portion  extending  through  the 
bore  of  the  hammer  cage  top.  Furthermore,  bias- 
ing  spring  50  can  be  positioned  anywhere  along 
the  shaft  portion  of  the  anvil  shaft  60.  For 
example,  in  the  embodiment  with  a  two  piece 
anvil  shaft,  the  biasing  spring  can  be  positioned 
on  the  splined  connection  between  the  cam  por- 
tion  and  the  shaft  portion. 

The  purpose  of  the  impact  clutch  mechanism 
is  to  translate  rotary  motion  to  interrupted  rotary 
motion  having  less  torque  reaction.  The  impact 
clutch  mechanism  described  in  connection  with 
the  preferred  embodiment  can  be  broadly 
categorized  as  a  unique  embodiment  of  a  cam 
engage,  spring  disengage  impact  clutch.  Other 
embodiments  of  the  cam  engage,  spring  disen- 
gage  type  impact  clutch  are  also  considered  to 
be  within  the  scope  of  this  invention.  For 
example,  in  the  preferred  embodiment,  the  anvil 
shaft  moves  axially.  An  alternate  embodiment 
can  provide  for  the  hammer  jaws  to  move  axially 
rather  than  the  anvil  shaft. 

One  advantage  of  this  invention  over  the  prior 
art  includes  minimizing  the  torque  reaction  to  the 
tool  operator  when  a  fastener  is  tight  and  the 
tool  continues  to  run.  This  allows  the  tool  to  be 
safely  operated  with  one  hand  and  also  in  con- 
fined  and  awkward  situations.  The  tool  will  also 
produce  a  consistent  tightening  torque.  The 
operator  will  not  have  to  stop  the  tool  before  the 
fastener  is  tight  and  manually  tighten  the 
fastener  out  of  concern  for  his  own  safety  and 
well-being.  Additionally,  the  tool  allows  a  faster 
"run-down"  of  the  fasteners  than  prior  art 
powered  ratchets. 

Claims 

1.  A  hand-held  powered  ratchet  wrench  com- 
prising  a  rotary  motor  (30)  having  a  rotatable 
output  shaft  (31)  drivingly  associated  with  an 
eccentric  crank  (61)  which  is  rotatable  eccentri- 

cally  to  oscillate  a  ratchet  yoke  (71)  and  operate  a 
ratchet  mechanism  (70)  for  rotating  a  ratchet 
spindle  or  tool  head  (73)  about  an  axis  normal  to 
the  output  shaft  (31),  ratchet  reverse  means  (74) 

5  being  provided  to  determine  the  direction  of 
rotation  of  the  ratchet  spindle  or  tool  head  (73) 
resulting  from  the  oscillation  of  the  ratchet  yoke 
characterised  in  that  the  connection  between  the 
motor  (30)  and  the  ratchet  mechanism  (70) 

10  includes  an  impact  clutch  mechanism  (40,  43,  45, 
62,  63)  rotated  by  the  output  shaft  (31)  and 
driving  a  rotatable  anvil  (60)  having  an  axially 
extending  cam  surface  (62)  with  a  gradually  ris- 
ing  portion  and  a  sharply  falling  portion,  the 

15  anvil  being  connected  to  the  crank  (61)  con- 
tinuously  to  rotate  the  anvil  (60)  and  rotate  the 
ratchet  spindle  or  tool  head  (73)  when  the  ratchet 
spindle  or  tool  head  (73)  encounters  a  resistance 
to  rotation  below  a  sufficient  resistance  and 

20  axially  to  displace  the  anvil  (60)  relative  to 
hammer  jaws  (45)  when  said  resistance  to  rota- 
tion  is  above  said  sufficient  resistance  to  cause 
the  hammer  jaws  (45)  to  deliver  impacts  to  the 
anvil  (60). 

25  2.  A  powered  ratchet  wrench  according  to 
claim  1,  characterised  in  that  the  means  for 
delivering  the  to  the  anvil  (60)  comprises 

at  least  one  hammer  jaw  (45)  disposed  on  and 
rotatable  with  a  hammer  assembly  forming  part 

30  of  the  clutch  mechanism; 
at  least  one  anvil  jaw  (63)  disposed  on  and 

rotatable  with  said  anvil  (60); 
a  spring  (50)  for  biasing  said  anvil  jaw  axially 

out  of  alignment  with  said  hammer  jaw;  and 
35  wherein  the  cam  (62)  is  operable  for  axially 

moving  said  anvil  jaw  into  alignment  with  said 
hammer  jaw  to  deliver  a  rotational  impact  to  said 
anvil  jaw. 

3.  A  powered  ratchet  wrench  according  to 
40  claim  1  characterised  by  a  rotatable  and  axially 

movable  anvil  (60)  for  transmitting  rotary  motion 
from  said  motor  to  said  ratchet  mechanism;  and 

impact  means  for  intermittently  connecting 
and  disconnecting  said  anvil  and  said  rotary 

45  motor  by  axially  moving  said  anvil  into  and  out 
of  impact  alignment. 

4.  A  ratchet  wrench  according  to  claim  3,  the 
impact  mechanism  further  characterised  by 

a  rotatable  hammer  assembly  (40)  adapted  to 
so  be  driven  by  said  rotary  motor; 

cam  means  (62)  associated  with  said  anvil  for 
providing  axial  movement  of  said  anvil  into  axial 
impact  alignment  with  said  hammer  assembly; 
and 

55  means  (50)  for  normally  biasing  said  anvil  out 
of  axial  impact  alignment  with  said  hammer 
assembly. 

5.  A  ratchet  wrench  according  to  claim  3,  the 
impact  mechanism  further  characterised  by 

60  a  rotatable  hammer  cage  (41)  coaxially  con- 
nected  to  said  rotary  motor  for  rotation  there- 
with; 

the  rotatable  anvil  (60)  being  coaxially 
supported  with  respect  to  said  hammer  cage  and 

65  having  a  first  portion  (63)  associated  with  said 

5 



9 EP  0  2 0 2 1 3 0   B1 10 
rotatable  hammer  cage  and  a  shaft  portion  (60) 
associated  with  said  ratchet  mechanism; 

at  least  one  hammer  jaw  (45)  being  disposed  on 
said  hammer  cage; 

at  least  one  anvil  jaw  (63)  being  disposed  on  the 
first  portion  of  said  anvil; 

a  spring  (50)  axially  biasing  said  anvil  so  that 
said  hammer  jaw  and  said  anvil  jaw  are  axially 
out  of  alignment;  and 

the  cam  (62)  being  associated  with  the  first 
portion  of  said  anvil  for  axially  moving  said  anvil 
so  that  said  anvil  jaw  moves  axially  into 
alignment  with  said  hammer  jaw  to  deliver  a 
series  of  rotational  impacts  to  said  anvil  jaw. 

6.  A  ratchet  wrench  according  to  claim  3,  the 
impact  mechanism  further  characterised  by 

a  rotatable  hammer  cage  (41)  having  a  cylindri- 
cal  wall  portion  and  a  flat  base  portion  and 
coaxially  connected  at  said  base  portion  to  said 
rotary  motor  for  rotation  therewith; 

the  rotatable  anvil  (60)  being  coaxially 
supported  with  respect  to  said  hammer  cage  for 
rotational  and  axial  movement  and  having  a  first 
portion  (63)  disposed  in  said  hammer  cage  and  a 
shaft  portion  (60)  associated  with  said  ratchet 
mechanism; 

the  cam  (62)  being  peak-shaped  and  projecting 
axially  from  the  first  portion  of  said  anvil; 

at  least  one  anvil  jaw  (63)  projecting  radially 
from  the  first  portion  of  said  anvil; 

an  inner  chamber  (44)  in  said  hammer  cage 
enclosing  said  first  portion  of  said  anvil  and 
having  a  raceway  (47)  in  said  base  portion  of  said 
hammer  cage  to  allow  relative  rotation  of  said 
cam; 

a  cam  ball  pocket  (46)  coinciding  with  said 
raceway  through  a  limited  arcuate  distant  in  said 
base  portion  of  said  hammer  cage; 

at  least  one  hammer  jaw  (45)  being  disposed  on 
an  inner  axial  surface  of  said  inner  chamber  of 
said  hammer  cage; 

a  disengaging  spring  (50)  axially  biasing  said 
anvil  toward  said  base  portion  of  said  hammer 
cage  so  that  said  hammer  jaw  and  said  anvil  jaw 
are  normally  axially  out  of  alignment;  and 

a  cam  ball  (43)  disposed  in  said  cam  ball  pocket 
in  the  path  of  rotation  of  said  cam  for  rotationally 
driving  said  anvil  when  said  hammer  jaw  and  said 
anvil  jaw  are  axially  out  of  alignment  and  for 
axially  moving  said  cam  against  the  bias  of  said 
disengaging  spring  so  that  said  anvil  jaw  moves 
axially  into  alignment  with  said  hammer  jaw  to 
deliver  a  series  of  rotational  impacts  to  said  anvil. 

Patentanspruche 

1.  Von  Hand  zu  haltender,  kraftgetriebener  Rat- 
schen-Schraubenschliissel,  mit  einem  Drehmotor 
(30),  der  eine  drehbare  Ausgangswelle  (31)  hat, 
die  in  Antriebseingriff  mit  einer  exzentrischen 
Kurbel  (61)  steht,  die  exzentrisch  drehbar  ist,  um 
ein  Ratschenjoch  (71)  in  Schwingungen  zu  verset- 
zen  und  einen  Ratschenmechanismus  (70)  zum 
Drehen  einer  Ratschenspindel  oder  eines  Werk- 
zeugkopfs  (73)  um  eine  Achsel  normal  zu  der 

Ausgangswelle  (31)  zu  betatigen,  wobei  eine  Rat- 
schen-Umkehreinrichtung  (74)  vorgesehen  ist, 
um  die  Drehrichtung  der  Ratschenspindel  oder 
des  Werkzeugkopfs  (73)  zu  bestimmen,  die  von 

5  den  Schwingungen  des  Ratschenjochs  herriihrt, 
dadurch  gekennzeichnet,  da(5  die  Verbindung 
zwischen  dem  Motor  (30)  und  dem  Ratschenme- 
chanismus  (70)  einen  Schlagkupplungsmechanis- 
mus  (40,  43,  45,  62,  63)  aufweist,  der  durch  die 

10  Ausgangswelle  (31)  gedreht  wird  und  der  einen 
drehbaren  AmbolS  (60)  antreibt,  der  eine  sich 
axial  erstreckende  Nockenflache  (62)  mit  einem 
allmahlich  ansteigenden  Abschnitt  und  einem 
scharf  abfallenden  Abschnitt  aufweist,  wobei  der 

15  AmbolS  mit  der  Kurbel  (61)  verbunden  ist,  um  den 
AmbolS  (60)  kontinuierlich  zu  drehen  und  um  die 
Ratschenspindel  oder  den  Werkzeugkopf  (73)  zu 
drehen,  wenn  die  Ratschenspindel  oder  der  Werk- 
zeugkopf  (73)  einen  Drehwiderstand  erfahrt,  der 

20  unterhalb  eines  bestimmten  Widerstands  liegt, 
und  um  den  AmbolS  (60)  relativzu  Hammerklauen 
(45)  axial  zu  verlagern,  wenn  der  Drehwiderstand 
oberhalb  des  bestimmten  Widerstands  liegt,  um 
die  Hammerklauen  (45)  zu  veranlassen,  Schlage 

25  auf  den  AmbolS  (60)  auszuuben. 
2.  Kraftgetriebener  Ratschen-Schraubenschlus- 

sel  nach  Anspruch  1,  dadurch  gekennzeichnet, 
daB  die  Einrichtung  zur  Ausubung  der  Schlage 
auf  den  AmbolS  (60)  folgende  Teile  aufweist: 

30  wenigstens  eine  Hammerklaue  (45),  die  an 
einer  Hammeranordnung  angeordnet  und  mit 
dieser  drehbar  ist,  die  einen  Teil  des  Kupplungs- 
mechanismus  bildet, 

wenigstens  eine  AmbolSklaue  (63),  die  an  dem 
35  AmbolS  (60)  angeordnet  und  mit  diesem  drehbar 

ist, 
eine  Feder  (50)  zum  axialen  Beaufschlagen  der 

AmbolSklaue  zur  Aufhebung  der  Ausrichtung  mit 
der  Hammerklaue,  und 

40  wobei  der  Nocken  (62)  zur  axialen  Bewegung 
der  AmboBklaue  in  Ausrichtung  mit  der  Hammer- 
klaue  betatigbar  ist,  um  einen  Drehschlag  auf  die 
AmbolSklaue  auszuuben. 

3.  Handgetriebener  Ratschen-Schraubenschlus- 
45  sel  nach  Anspruch  1,  gekennzeichnet  durch  einen 

drehbaren  und  axial  bewegbaren  AmbolS  (60)  zur 
Ubertragung  von  Drehbewegung  von  dem  Motor 
auf  den  Ratschenmechanismus,  sowie  durch  eine 
Schlageinrichtung  zum  intermittierenden  Verbin- 

50  den  und  Losen  des  Ambosses  und  des  Drehmo- 
tors  durch  axiale  Bewegung  des  Ambosses  in  und 
aulSer  Schlagausrichtung. 

4.  Ratschen-Schraubenschlussel  nach 
Anspruch  3,  bei  dem  der  Schlagmechanismus 

55  gekennzeichnet  ist  durch 
eine  drehbare  Hammeranordnung  (40),  die 

durch  den  Drehmotor  antreibbar  ist, 
eine  mit  dem  AmboB  verbundene  Nockenein- 

richtung  (62)  zum  Liefern  einer  Axialbewegung 
60  des  Ambosses  in  axiale  Schlagausrichtung  mit 

der  Hammeranordnung,  und 
eine  Einrichtung  (50),  um  normalerweise  den 

AmbolS  aus  der  axialen  Schlagausrichtung  mit 
der  Hammeranordnung  heraus  zu  belasten. 

65  5.  Ratschen-Schraubenschlussel  nach 
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Anspruch  3,  bei  dem  der  Schlagmechanismus 
gekennzeichnet  ist  durch 

einen  drehbaren  Hammerkafig  (41),  der  koaxial 
mit  dem  Drehmotor  zur  Drehung  mit  diesem 
verbunden  ist, 

wobei  der  drehbare  AmbolS  (60)  koaxial  abge- 
stiitzt  ist  in  Bezug  auf  den  Hammerkafig  und  einen 
ersten  Abschnitt  (63)  hat,  der  mit  dem  drehbaren 
Hammerkafig  zusammenarbeitet,  und  einen  Wel- 
lenabschnitt  (60),  der  mit  dem  Ratschenmecha- 
nismus  zusammenarbeitet, 

wenigstens  eine  Hammerklaue  (45),  die  an  dem 
Hammerkafig  angeordnet  ist, 

wenigstens  eine  AmbolSklaue  (63),  die  an  dem 
ersten  Abschnitt  des  Ambosses  angeordnet  ist, 

eine  Feder  (50),  die  den  AmbolS  axial  belastet, 
so  daB  die  Hammerklaue  und  die  AmbolSklaue 
axial  auSer  Ausrichtung  sind,  und 

wobei  der  Nocken  (62)  mit  dem  ersten 
Abschnitt  des  Ambosses  verbunden  ist,  um  den 
AmbolS  axial  zu  bewegen,  so  daft  die  AmbolS- 
klaue  sich  axial  in  Ausrichtung  mit  der  Hammer- 
klaue  bewegt,  um  eine  Serie  von  Drehschlagen 
auf  die  AmboBklaue  zu  liefern. 

6.  Ratschen-Schraubenschlussel  nach 
Anspruch  3,  dessen  Schlagmechanismus  gekenn- 
zeichnet  ist  durch  folgende  Teile: 

ein  drehbarer  Hammerkafig  (41),  der  einen 
zylindrischen  Wandabschnitt  und  einen  flachen 
Bodenabschnitt  hat  und  der  koaxial  an  dem 
Bodenabschnitt  mit  dem  Drehmotor  zur  Drehung 
mit  diesem  verbunden  ist, 

wobei  der  drehbare  AmbolS  (60)  koaxial  in 
Bezug  auf  den  Hammerkafig  fur  eine  Drehbewe- 
gung  und  eine  axiale  Bewegung  abgestutzt  ist 
und  einen  ersten  Abschnitt  (63)  aufweist,  der  in 
dem  Hammerkafig  angeordnet  ist,  sowie  einen 
Wellenabschnitt  (60),  der  mit  dem  Ratschenme- 
chanismus  zusammenwirkt, 

der  Nocken  (62)  ist  mit  einer  Spitze  ausgebildet 
und  ragt  axial  von  dem  ersten  Abschnitt  des 
Ambosses  vor, 

wenigstens  eine  AmbolSklaue  (63)  ragt  radial 
von  dem  ersten  Abschnitt  des  Ambosses  vor, 

eine  innere  Kammer  (44)  in  dem  Hammerkafig 
umschlielSt  den  ersten  Abschnitt  des  Ambosses 
und  hat  eine  Laufbahn  (47)  in  dem  Bodenteil  des 
Hammerkafigs,  um  eine  relative  Drehung  des 
Nockens  zu  ermoglichen, 

eine  Nockenkugeltasche  (46)  fallt  mit  der  Lauf- 
bahn  uber  ein  bestimmtes  BogenmalS  in  dem 
Bodenteil  des  Hammerkafigs  zusammen, 

wenigstens  eine  Hammerklaue  (45)  ist  an  einer 
inneren  axialen  Oberflache  der  inneren  Kammer 
des  Hammerkafigs  angeordnet, 

eine  Auslosefeder  (50)  belastet  den  AmbolS 
axial  zu  dem  Bodenaabschnitt  des  Hammerkafigs 
hin,  so  dalS  die  Hammerklaue  und  die  AmboB- 
klaue  normalerweise  nicht  axial  miteinander  aus- 
gerichtet  sind,  und 

eine  Nockenkugel  (43)  ist  in  der  Nockenkugelta- 
sche  in  dem  Drehweg  des  Nockens  angeordnet, 
um  den  AmbolS  drehend  anzutreiben,  wenn  die 
Hammerklaue  und  die  AmbolSklaue  axial  aufSer 
Ausrichtung  sind,  und  um  den  Nocken  axial  ent- 

gegen  der  Vorspannung  der  Auslosefeder  zu 
bewegen,  so  dafX  die  AmbolSklaue  sich  axial  in 
Ausrichtung  mit  der  Hammerklaue  bewegt,  um 
eine  Serie  von  Drehschlagen  auf  den  AmbolS 

5  auszuuben. 

Revendications 

1.  Une  cle  a  main  motorisee  a  cliquet  compre- 
10  nant: 

un  moteur  rotatif  (30)  comportant  un  arbre  de 
sortie  rotatif  (31)  entramant  a  une  manivelle 
excentrique  (61)  tournant  de  maniere  excentree 
afin  de  faire  osciller  un  mandrin  a  cliquet  (71)  et 

15  d'actionner  un  mecanisme  a  cliquet  (70)  servant  a 
faire  tourner  une  broche  a  cliquet  ou  une  tete 
d'outil  (73),  autour  d'un  axe  perpendiculaire  a 
I'arbre  de  sortie  (31),  un  moyen  (74)  pourvu  de 
ciiquets  inverses  etant  prevu  afin  de  determiner  le 

20  sens  de  rotation  de  la  broche  a  cliquet  ou  de  la 
tete  d'outil  (73)  qui  resulte  de  I'oscillation  du 
mandrin  a  cliquet,  caracterise  en  ce  que  la  liaison 
entre  le  moteur  (30)  et  le  mecanisme  a  cliquet  (70) 
comprend  un  mecanisme  d'embrayage  a  chocs 

25  (40,  43,  45,  62,  63)  entratne  en  rotation  par  I'arbre 
de  sortie  (31  )  et  entramant  une  enclume  tournante 
(60),  presentant  une  surface  de  came  (62)  axiale 
munie  d'une  partie  montant  progressivement  et 
d'une  partie  a  chute  abrupte  et  reliee  en  perma- 

30  nence  a  la  manivelle  (61)  afin  de  faire  tourner 
I'enclume  (60)  et  la  broche  a  cliquet  ou  la  tete 
d'outil  (73)  lorsque  ces  dernieres  rencontrent  une 
resistance  a  la  rotation  inferieure  a  une  resistance 
suffisante  et  pour  deplacer  axialement  I'enclume 

35  (60)  par  rapport  aux  machoires  de  frappe  ou  de 
martelage  (45),  lorsque  ladite  resistance  a  la 
rotation  est  superieure  a  la  dite  resistance  suffi- 
sante,  de  fagon  que  les  machoires  de  frappe  (45) 
produisent  des  percussions  sur  I'enclume  (60). 

40  2.  Une  cle  a  cliquet  motorisee  selon  la  revendi- 
cation  1,  caracterisee  en  ce  que  le  moyen  d'ac- 
tionnement  de  I'enclume  (60)  comprend: 

au  moins  une  machoire  de  frappe  (45),  dispo- 
sed  sur  et  tournant  avec  I'assemblage  de  frappe, 

45  faisant  partie  du  mecanisme  d'embrayage; 
au  moins  une  machoire  d'enclume  (63)  dispo- 

sed  sur  et  tournant  avec  ladite  enclume  (60); 
un  ressort  (50)  servant  a  deplacer  axialement 

ladite  machoire  d'enclume  hors  de  I'alignement 
so  par  rapport  a  ladite  machoire  de  frappe;  et 

dans  lequel  la  came  (62)  est  actionnable  pour 
deplacer  axialement  ladite  machoire  d'enclume, 
en  alignment  par  rapport  a  ladite  machoire  de 
frappe,  afin  de  donner  une  percussion  par  rota- 

55  tion  a  ladite  machoire  d'enclume. 
3.  Une  cle  a  cliquet  motorisee  selon  la  revendi- 

cation  1,  caracterisee  par  une  enclume  (60)  tour- 
nante  et  deplacable  axialement,  afin  de  transmet- 
tre  la  rotation  dudit  moteur  audit  mecanisme  a 

60  cliquet;  et 
des  moyens  d'impact  servant  a  relier  et  a  liberer 

de  maniere  intermittente  ladite  enclume  et  ledit 
moteur  rotatif  par  un  deplacement  axial  de  ladite 
enclume  dans  et  hors  de  I'alignement  de 

65  percussion. 
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4.  Une  cle  a  cliquet  selon  la  revendication  3,  le 
mecanisme  d'impact  ou  percussion  etant  caracte- 
rise  par: 

un  assemblage  de  frappe  rotatif  (50)  adapte 
pour  etre  entratne  par  ledit  moteur  rotatif; 

un  moyen  de  came  (62)  associe  a  ladite 
enclume  afin  de  produire  un  deplacement  axial  de 
ladite  enclume  en  restart  en  alignement  axial  de 
choc  avec  ledit  assemblage  de  frappe;  et 

un  moyen  (50)  de  deplacement  normal  de  ladite 
enclume,  hors  de  I'alignement  axial  de  percus- 
sion  par  rapport  audit  assemblage  de  martelage. 

5.  Une  cle  a  cliquet  selon  la  revendication  3, 
caracterisee  par: 

une  cage  de  frappe  (41)  tournant,  relied  coaxia- 
lement  audit  moteur  rotatif  pour  tourner  avec  lui; 

I'enclume  tournante  (60)  etant  supported 
coaxialement  par  rapport  a  la  dite  cage  de  frappe 
ou  martelage  et  presentant  une  premiere  partie 
(63)  associee  a  ladite  cage  de  frappe  tournante  et 
une  partie  d'arbre  (60)  associee  avec  ledit  meca- 
nisme  a  cliquet; 

au  moins  une  machoire  de  martelage  (45) 
disposed  sur  ladite  cage  de  frappe; 

au  moins  une  machoire  d'enclume  (63)  dispo- 
sed  sur  la  premiere  partie  de  ladite  enclume; 

un  ressort  (50)  deplagant  axialement  ladite 
enclume  de  fagon  que  ladite  machoire  de  marte- 
lage  et  ladite  machoire  d'enclume  ne  soient  plus 
en  alignement;  et 

la  came  (62)  etant  associee  a  la  premiere  partie 
de  ladite  enclume  afin  de  deplacer  axialement 
ladite  enclume  de  fagon  que  ladite  machoire 
d'enclume  se  deplace  axialement  pour  venir  en 
alignement  par  rapport  a  ladite  machoire  de 
martelage  afin  de  produire  une  serie  de  percus- 
sions  par  rotation  sur  ladite  machoire  d'enclume. 

6.  Une  cle  a  cliquet  selon  la  revendication  3, 
caracterisee  par: 

une  cage  de  frappe  ou  de  martelage  (41)  rota- 
tive  presentant  une  partie  de  paroi  cylindrique  et 
une  partie  de  base  plate  et  reliee  coaxialement  a 
ladite  partie  de  base  audit  moteur  rotatif  afin  de 
tourner  avec  celui-ci; 

une  enclume  tournante  (60)  supportee  coaxiale- 
ment  par  rapport  a  ladite  cage  de  frappe  ou  de 
martelage  afin  de  produire  un  mouvement  rotatif 
et  axial  et  presentant  une  premiere  partie  (63) 

5  disposed  dans  ladite  cage  de  frappe  et  une  partie 
d'arbre  (60)  associee  audit  mecanisme  a  cliquet; 

la  came  (62)  etant  en  forme  de  pointe  et  faisant 
saillie  axialement  de  la  premiere  partie  de  ladite 
enclume; 

10  au  moins  une  machoire  d'enclume  (63)  faisant 
saillie  radialement  de  la  premiere  partie  de  ladite 
enclume; 

une  chambre  interieure  (44)  situee  dans  ladite 
cage  de  frappe  englobant  la  premiere  partie  de 

15  ladite  enclume  et  presentant  un  anneau  de  roule- 
ment  (47)  dans  ladite  partie  de  base  de  ladite  cage 
de  frappe  afin  de  permettre  une  rotation  relative 
de  ladite  came; 

une  poche  (46)  a  bille  de  came  co'incidant  avec 
20  ledit  anneau  de  roulement  sur  une  distance 

arquee  limitee  dans  ladite  partie  de  base  de  ladite 
cage  de  frappe; 

au  moins  une  machoire  de  frappe  ou  martelage 
(45)  etant  disposed  sur  une  surface  axiale  inte- 

25  rieure  de  ladite  chambre  interieure  de  ladite  cage 
de  frappe; 

un  ressort  de  degagement  (50)  deplagant  axia- 
lement  ladite  enclume  vers  ladite  partie  de  base 
de  ladite  cage  de  frappe,  de  fagon  que  ladite 

30  machoire  de  frappe  et  ladite  machoire  d'enclume 
soient  normalement  placeds  en  dehors  de 
I'alignement;  et 

une  bille  de  came  (43),  disposee  dans  ladite 
poche  de  bille  de  came,  dans  la  trajectoire  de 

35  rotation  de  ladite  came,  afin  d'entratner  en  rota- 
tion  ladite  enclume  lorsque  ladite  machoire  de 
frappe  et  ladite  machoire  d'enclume  sont  axiale- 
ment  hors  d'alignement  et  afin  de  deplacer  axiale- 
ment  ladite  came,  contre  la  force  dudit  ressort  de 

40  degagement,  de  fagon  que  la  machoire  d'enclume 
se  deplace  axialement  pour  s'aligner  par  rapport 
a  ladite  machoire  de  frappe,  afin  de  produire  une 
serie  d'impacts  rotatifs  sur  ladite  enclume. 
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