
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0 1 8 6   3 1 6  

B 1  

(if)  Publication  number: 

EUROPEAN  PATENT  SPECIFICATION 

Intel.4:  B  25  B  2 1 / 0 2  Date  of  publication  of  patent  specification:  12.07.89 

Application  number:  85308582.7 

Date  of  filing:  26.11.85 

A  portable  power  tool  of  an  impulse  type. 

Proprietor:  CHICAGO  PNEUMATIC  TOOL 
COMPANY 
2200  Bleeker  Street 
Utica,  N.Y.  13501  (US) 

Priority:  13.12.84  US  680998 

@  Date  of  publication  of  application: 
02.07.86  Bulletin  86/27 

Inventor:  Wallace,  William  Keith 
Route  2  Box  198 
Barneveld  New  York  13304  (US) 
Inventor:  McHenry,  Kenneth  Alfred 
102  College  Street 
Clinton  New  York  13323  (US) 

Publication  of  the  grant  of  the  patent: 
12.07.89  Bulletin  89/28 

Designated  Contracting  States: 
BEDEFRGBITNLSE 

Representative:  Connor,  Terence  Kevin  et  al 
T.K.  Connor  &  Co.  19  Station  Road 
Sidcup,  Kent  DA15  7EB  (GB) 

References  cited: 
EP-A-0105  038 
US-A-2900811 
US-A-3  799  307 

CQ 

0 0  

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 

a .  
LU 



EP  0  186  316  B1 

Description 

FIELD  OF  THE  INVENTION 
This  invention  relates  generally  to  a  portable 

tool  of  the  impulse  type  designed  to  deliver  a  5 
controllable  torque  to  a  threaded  fastener. 

DESCRIPTION  OF  THE  PRIOR  ART 
In  many  industrial  applications  it  is  desirable  to 

tighten  threaded  fasteners  to  a  predetermined  10 
torque  automatically  and  rapidly.  Such  applica- 
tions  include  internal  combustion  engine  head 
bolts  and  connecting  rod  bearings  and  wheel  nuts 
or  studs.  Many  applications  also  exist,  particularly 
in  the  maintenance  area,  where  it  is  necessary  to  is 
loosen  threaded  fasteners  in  order  to  disassemble 
a  machine.  While  it  is  desirable  that  the  tool 
develop  a  predetermined  torque,  it  is  also  impor- 
tant  to  be  able  to  adjust  the  predetermined  torque 
and  to  use  the  same  tool  for  tightening  and  20 
loosening  threaded  fasteners. 

A  number  of  devices  have  been  developed 
utilizing  either  an  electric  motor  or  an  air  motor  as 
the  powering  mechanism.  Generally,  an  hydraulic 
or  mechanical  mechanism  is  attached  to  the  25 
output  shaft  of  the  air  or  electric  motor  which  is 
adapted  to  convert  the  rotary  motion  into  torque 
impacts.  The  production  of  torque  impacts  within 
the  torque  conversion  mechanism  often  leads  to 
high  impact  stresses  and  consequent  wear  of  the  30 
working  parts  of  the  mechanism.  Where  a  series 
of  impacts  or  hammer  blows  is  entailed,  the 
predetermined  torque  may  be  exceeded. 

European  publication  E-A1-0  105038  is  repre- 
sentative  of  a  device  which  converts  rotary  35 
motion  into  torque  impacts.  This  publication  dis- 
closes  a  portable  power  tool  of  an  impact  type 
adapted  to  be  driven  by  electric  or  air  motor 
driving  means  having  a  rotatable  drive  shaft.  The 
power  tool  comprises  a  generally  cylindrical  outer  40 
casing  within  which  a  generally  cylindrical  rotat- 
able  cage,  filled  with  hydraulic  fluid,  is  supported 
for  drive  by  the  rotatable  drive  shaft.  A  driven 
impulse  member  has  an  inner  end  portion  within 
the  cage  and  an  outer  end  portion,  adapted  to  45 
carry  a  work-engaging  tool,  extending  out  of  the 
cage.  The  impulse  member  is  joumalled  in  a 
region  thereof  intermediate  its  inner  and  outer 
end  portions  for  rotation  relative  to  the  outer 
casing.  Drive  means  operatively  connects  the  so 
impulse  member  with  the  rotatable  cage  for 
driving  the  impulse  member  when  the  rotatable 
cage  is  driven  by  said  drive  shaft.  The  drive 
means  in  this  publication  comprises  a  driver  and 
a  cooperating  cam  surface  on  the  impulse  55 
member  engaged  by  said  driver.  For  producing 
torque,  a  torque  transmitting  means  is  provided, 
which  transmits  a  torque  sufficient  to  drive  the 
impulse  member  by  said  driver  on  rotation  of  the 
cage.  The  torque  applied  is  a  function  of  the  so 
hydraulic  pressure  in  a  pressure  chamber,  within 
the  cage  created  by  the  movement  of  the  driver. 
Movement  of  the  driver  is  a  result  of  the  rotation 
of  the  drive  shaft,  and  the  interaction  of  said 
driver  with  said  cam  surface  on  the  impulse  ss 

member.  In  this  publication,  due  to  contact 
between  the  driver  and  the  piston,  mechanical 
impacts  rather  than  impulses  are  created  during 
the  tightening  of  a  fastener. 

The  problem  with  which  the  invention  is  con- 
cerned  is  the  development  of  a  controllable  pre- 
determined  torque  with  cyclical  impulses  that  do 
not  constitute  a  series  of  impacts  during  the 
tightening  of  the  fastener.  Advantageously,  the 
torque  produced  should  be  adjustable  to  take  into 
account  the  different  torque  requirements  that 
may  be  encountered. 

SUMMARY  OF  THE  INVENTION 
The  foregoing  problem  is  solved  in  accordance 

with  the  invention  by  providing  a  portable  tool  of 
an  impulse  type  adapted  to  be  driven  by  electric 
or  air  motor  driving  means  having  a  rotatable 
drive  shaft  (26;  210),  said  power  tool  delivering  a 
controllable  torque  to  a  threaded  fastener  and 
comprising  a  generally  cylindrical  outer  casing 
(14;  200)  within  which  a  generally  cylindrical 
rotatable  cage  (32;  168;  212),  filled  with  hydraulic 
fluid,  is  supported  for  drive  by  said  rotatable  drive 
shaft,  a  driven  impulse  member  (42;  172;  206) 
having  an  inner  end  portion  within  said  cage  and 
an  outer  end  portion,  adapted  to  carry  a  work- 
engaging  tool,  extending  out  of  the  cage,  said 
impulse  member  being  journalled  in  a  region 
thereof  intermediate  said  inner  and  outer  end 
portions  for  rotation  relative  to  said  outer  casing, 
and  drive  means  operatively  connecting  the 
impulse  member  with  the  rotatable  cage  for 
driving  the  impulse  member  when  the  rotatable 
cage  is  driven  by  said  drive  shaft,  said  drive 
means  comprising  a  driver  (66;  188;  230)  and  a 
cooperating  cam  surface  (62;  174;  226)  on  the 
impulse  member  engaged  by  said  driver,  said 
torque  which  is  applied  to  said  impulse  member 
for  tightening  the  fastener  being  a  function  of  the 
hydraulic  pressure  in  a  pressure  chamber  within 
said  cage,  created  by  the  movement  of  said 
driver,  said  movement  being  a  result  of  the 
rotation  of  said  drive  shaft,  and  the  interaction  of 
said  driver  with  said  cam  surface  on  said  impulse 
member,  characterized  in  that  said  drive  means 
also  comprises  torque  producing  means  (78,  82, 
88,  100,  122;  126,  130;  182,  190;  232,  234)  biasing 
said  driver  against  said  cam  surface,  for  produc- 
ing  a  torque  sufficient  to  drive  said  impulse 
member  by  said  driver  on  rotation  of  said  cage,  a 
cam  rise  (64;  176;  228)  is  arranged  on  said  cam 
surface,  the  torque  producing  means  producing  a 
torque  when  said  driver  moves  along  said  cam 
rise. 

Development  of  a  torque  on  the  rotating 
impulse  member  causes  the  driver  which 
includes  a  ball  to  ride  up  the  cam  surface  on  the 
impulse  member.  Advantageously,  at  a  predeter- 
mined  torque  level  the  ball  stops  and  thereafter 
rides  over  the  cam  surface  to  permit  the  air  or 
electric  motor  to  turn  while  the  impulse  member 
is  at  rest. 

As  the  tool  of  the  invention  produces  no  torque 
until  the  ball  has  begun  to  ride  up  the  cam 

s. 
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Fig.  10  is  a  fragmentary  longitudinal  cross 
section  taken  along  line  10-10  of  Fig.  9. 

Fig.  11  is  a  schematic  drawing  which  shows 
more  clearly  the  interrelationships  among  the 

5  operating  components  of  the  example  of  the 
invention  shown  in  Figs.  8,  9,  10  and  12. 

Fig.  12  is  a  transverse  cross  sectional  view 
taken  along  line  12-12  of  Fig.  8. 

w  Detailed  Description  of  Examples  of  the  Inven- 
tion 

Referring  to  the  drawings,  Fig.  1  shows  a 
perspective  view  of  the  impulse  device  10  in 
accordance  with  the  present  invention  which  is 

15  affixed  to  an  air  motor  driving  unit  12  of  well- 
known  construction  or  to  an  equivalent  electric 
motor  drive. 

As  shown  in  Fig.  1,  the  driving  unit  12  may  be 
fitted  with  a  pistol  grip  13  and  trigger  15. 

20  Referring  now  to  Fig.  2,  the  impulse  device  10 
is  provided  with  a  generally  cylindrical  outer 
casing  14  having  a  flange  16  at  one  end  adapted 
to  mate  with  the  outer  casing  18  of  the  air  motor 
driving  unit  12.  The  casing  14  has  a  reduced 

25  portion  20  at  the  end  opposite  the  flange  16.  A 
plug  22  having  a  wrench  socket  24  is  threaded 
into  a  sidewall  of  the  outer  casing  14  to  provide 
access  to  the  adjustable  mechanism  contained 
within  the  casing  14. 

30  The  air  motor  drive  shaft  26  is  provided  with  a 
polygonal  or  splined  end  portion  28  which  mates 
with  a  polygonal  or  splined  cavity  30  formed  in. 
one  end  of  the  generally  cylindrical  cage 
member  32  rotatably  mounted  within  the  outer 

35  casing  14.  A  threaded  recess  34  is  formed  in  the 
opposite  end  of  the  cylindrical  cage  32  and 
adapted  to  receive  a  threaded  cap  36. 

The  threaded  cap  36  has  a  central  orifice  38 
through  which  the  shaft  40  of  an  impulse 

40  member  42  passes.  The  impulse  member  42  is 
journalled  in  bushing  44  which  is  seated  in  the 
reduced  portion  20  of  the  outer  casing  14.  A 
thrust  bearing  46  is  positioned  between  the  inner 
end  of  the  threaded  cap  36  and  the  forward  end 

45  of  the  head  48  of  the  impulse  member  42.  Prefer- 
ably,  the  thrust  bearing  46  is  an  anti-friction 
bearing  such  as  a  needle  bearing.  An  axial  bore 
50  is  formed  in  the  impulse  member  42  to  carry  a 
compression  spring  52  and  a  thrust  member  54. 

50  The  thrust  member  54  is  preferably  a  ball  as 
shown  in  Fig.  2  but  could  also  be  generally 
cylindrical  in  shape  with  a  rounded  end  to  con- 
tact  the  cage  member  32.  The  bias  of  the  spring 
52  urges  the  thrust  member  54  against  an  inner 

55  surface  of  the  cylindrical  cage  32  and  simul- 
taneously  urges  the  head  48  of  the  impulse 
member  42  against  the  thrust  bearing  46.  As  will 
be  described  in  more  detail  below,  maintaining 
the  impulse  member  42  in  contact  with  the  thrust 

60  bearing  46  and  threaded  cap  36  prevents  the 
development  and  transmission  of  impact  loads 
within  and  through  the  impulse  device  10. 
Grease  seal  56  may  be  located  between  the  shaft 
40  of  the  impulse  member  42  and  the  threaded 

65  cap  36  to  prevent  leakage  of  oil  from  the  cylindri- 

surface,  the  developed  torque  is  delivered 
smoothly  and  without  any  impact  component. 
Repeated  cyclical  applications  of  the  torque  will 
produce  a  tightening  torque  equal  to  the  pre- 
determined  torque  selected  by  the  operator.  The 
delivered  torque  is  a  function  of  the  pressure 
developed  within  the  cage  and  the  shape  of  the 
cam  surface  on  the  impulse  member.  It  is 
adjusted  either  by  pressure  control  means  for 
controlling  the  maximum  pressure  than  can  be 
developed  or  by  controlling  the  portion  of  the 
cam  slope  the  ball  contacts  when  the  maximum 
pressure  occurs. 

In  one  example  of  the  invention,  the  maximum 
pressure  is  controlled  by  varying  the  compres- 
sion  stroke  of  a  piston  means  while  in  a  second 
example  of  the  invention,  an  adjustable  pressure 
relief  valve  performs  this  function  directly.  A 
third  example  of  the  invention  utilizes  the  stroke 
adjustment  of  the  piston  means  to  change  the 
position  of  ball  contact  on  the  impulse  cam 
surface  when  the  maximum  pressure  occurs. 

The  cam  surface  machined  on  the  impulse 
member  desirably  has  three  different  zones.  The 
cam  surface  slope  is  increasing  in  the  first  zone, 
constant  in  the  second  zone,  and  decreasing  in 
the  third  zone.  The  two  forms  of  the  invention 
that  utilize  pressure  as  a  control,  operate  with  the 
ball  contact  in  the  second  zone  or  constant  slope 
portion  of  the  cam  surface.  The  third  version 
utilizes  the  constant  slope  for  maximum  torque, 
but  allows  the  ball  contact  to  move  into  the 
decreasing  slope  zone  of  the  cam  for  the  lower 
torque  values. 

Objects  and  advantages  of  the  present  inven- 
tion  will  become  apparent  to  those  skilled  in  the 
art  from  the  following  detailed  description  and 
the  accompanying  drawings  in  which: 

Fig.  1  is  a  perspective  view  of  an  impulse 
device  in  accordance  with  the  present  invention 
connected  to  a  conventional  air  motor  driving 
unit; 

Fig.  2  is  an  enlarged  longitudinal  cross  sec- 
tional  view  of  one  example  of  the  present  inven- 
tion  taken  along  line  2-2  of  Fig.  1. 

Fig.  3  is  a  transverse  cross  sectional  view  of 
the  example  of  the  present  invention  taken  along 
line  3-3  of  Fig.  2. 

Fig.  4  is  a  fragmentary  cross  section  of  the  cam 
surface  on  the  impulse  member  taken  along  line 
4-4  of  Fig.  3. 

Fig.  5  is  a  longitudinal  cross  sectional  view 
similar  to  Fig.  2  but  showing  a  variation  in  the 
check  valve  mechanism. 

Fig.  6  is  a  longitudinal  cross  sectional  view 
similar  to  Fig.  2  but  showing  another  example  of 
the  present  invention  wherein  the  driver  moves 
in  a  radial  instead  of  a  longitudinal  direction. 

Fig.  7  is  a  transverse  cross  sectional  view  taken 
along  line  7-7  of  Fig.  6. 

Fig.  8  is  a  longitudinal  cross  sectional  view 
similar  to  Fig.  2  but  showing  still  another 
example  of  the  present  invention. 

Fig.  9  is.  a  transverse  cross  sectional  view  taken 
along  line  9-9  of  Fig.  8. 
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piston  82  away  from  the  flange  portion  of  the 
valve  seat  piston  80.  A  second  compression 
spring  94  is  positioned  within  the  blind  bore  76 
and  in  engagement  with  the  end  of  the  valve 

5  piston  82  so  as  to  bias  the  piston  valve  means  78 
toward  the  driver  66. 

A  second  series  of  coaxial  bores  is  formed  in 
the  cylindrical  cage  32  normal  to  the  bores  72  and 
76.  This  second  series  of  bores  comprises  a 

10  threaded  bore  96,  a  smaller  cylinder  bore  98  and  a 
still  smaller  connecting  bore  100  which  intersects 
the  bore  72.  A  piston  102  mounted  for  reciproca- 
tion  in  the  cylinder  bore  98  is  provided  with  a 
circumferential  groove  104  and  an  internal  blind 

w  bore  106.  One  or  more  O-rings  108  are  carried  by 
the  circumferential  groove  104  to  seal  the  piston 
102  with  respect  to  the  cylinder  bore  98.  A 
threaded  adjusting  collar  110  having  a  circum- 
ferential  groove  112,  and  an  internal  bore  114  is 

20  threaded  into  the  threaded  bore  96  and  sealed  by 
O-ring  116  located  in  the  groove  112.  A  polygonal 
passageway  118  adapted  to  be  engaged  by  an 
appropriate  wrench  (not  shown)  is  formed 
through  the  end  of  the  threaded  adjusting  collar 

25  110.  One  end  of  a  low-force  compression  spring 
120  is  seated  in  the  bore  114  of  the  threaded 
adjusting  collar  110  while  the  other  end  of  the 
spring  is  seated  in  the  blind  bore  106  of  the  piston 
102  so  as  to  bias  the  piston  102  toward  the 

30  connecting  bore  100.  As  shown  in  Fig.  2,  the 
polygonal  passageway  118  can  be  aligned  with 
the  plug  22  in  the  outer  casing  14.  It  will  be 
appreciated  that  rotation  of  the  adjusting  collar 
110  will  vary  the  stroke  of  the  piston  102  which  is 

35  movable  between  the  end  of  the  bore  98  and  the 
end  of  the  adjusting  collar  110  against  the  bias  of 
the  spring  120. 

The  cylindrical  cage  32  and  the  outer  casing  14 
are  filled  with  hydraulic  fluid  or  oil. 

40  The  operation  of  the  impulse  device  10  is  as 
follows:  The  air  motor  drive  shaft  26  is  mechan- 
ically  connected  to  the  cylindrical  cage  32  so  as  to 
rotate  the  cage  whenever"  the  air  motor  12  is 
operated.  The  cage  32  carries  the  driver  66  which 

45  also  rides  on  the  cam  surface  62  of  the  impulse 
member  42.  As  the  driver  66  contacts  the  rise  64 
of  the  cam  surface,  forces  are  developed  between 
the  driver  66  and  the  impulse  member  42  on  the 
one  hand  and  the  cage  32  and  piston  valve  means 

so  78  on  the  other  hand.  These  forces  may  be 
resolved  into  a  pair  of  equal  and  opposite  axial 
forces  exerted  respectively  on  the  thrust  bearing 
46  and  the  valve  piston  82  and  a  torque  which  is 
applied  through  the  cage  32  and  driver  66  to  the 

55  impulse  member  42.  The  magnitude  of  the  torque 
component  varies  with  the  position  of  the  driver 
66  on  the  cam  rise  64  and  is  affected  both  by  the 
pressure  developed  behind  the  driver  66  and  the 
slope  of  the  cam  rise  64.  When  the  driver  66 

eo  operates  within  the  zone  64b  on  the  cam  rise  64 
where  the  slope  is  constant,  the  torque  output  will 
vary  directly  with  the  pressure  developed  behind 
the  driver  66  and  thus  the  hydraulic  pressure  may 
be  used  as  a  control.  It  will  be  appreciated  that  the 

65  cage  member  32  may  be  driven  either  in  a 

cal  cage  32.  Seal  58  prevents  dirt  from  entering 
the  bushing  44.  An  O-ring  60  may  be  placed 
between  the  threaded  cap  36  and  the  cylindrical 
cage  32  to  seal  the  cylindrical  cage  member. 

Bore  50  may  be  extended  to  form  a  chamber  51 
of  smaller  diameter  than  the  bore  50  within  which 
chamber  a  piston  53,  sealed  by  an  O-ring  55,  may 
reciprocate.  Chamber  51,  which  contains  no 
hydraulic  fluid  or  oil,  serves  as  an  expansion 
chamber  to  prevent  any  excessive  build-up  of 
pressure  within  the  cage  member  32  as  a  result, 
for  example,  of  a  temperature  rise  of  the  hydraulic 
fluid  surrounding  the  impulse  member  42  within 
the  cage  member  32. 

A  cam  surface  62  is  formed  on  the  inboard  end 
of  the  head  48  of  the  impulse  member  42.  As  best 
shown  in  Figs.  3  and  4  the  cam  surface  62  is 
trough  shaped  to  accommodate  a  driver  66, 
which  may  be  in  the  form  of  a  ball,  and  includes  a 
single  rise  64  which  is  symmetrical  about  its  apex. 
The  total  rise  64  is  contained  within  about  one 
quadrant  of  the  head  48  of  the  impulse  member 
42.  Referring  particularly  to  Fig.  4,  it  will  be  noted 
that  the  cam  rise  64  comprises  three  zones.  In 
zone  64a  the  slope  of  the  cam  surface  increases 
from  zero  to  maximum  while  in  zone  64b  the 
slope  is  constant  and  equal  to  the  maximum 
slope  in  zone  64a.  In  zone  64c  the  slope  decreases 
from  the  maximum  value  to  zero  at  the  apex  of 
the  cam  rise  64. 

The  outboard  end  of  the  impulse  member  42 
may  be  polygonal  in  shape  and  adapted  to  mate 
with  an  appropriate  tool,  such  as  wrench  socket 
(not  shown),  which  may  be  locked  to  the  impulse 
shaft  40  by  a  retainer  pin  68  secured  by  rubber 
plug  70. 

The  driver  66  is  carried  in  a  bore  72  formed 
parallel  to  the  axis  of  the  cylindrical  cage  32.  A 
relief  groove  74  is  machined  partway  down  a 
sidewall  of  the  bore  72.  A  second  bore  76  coaxial 
with  bore  72,  but  of  smaller  diameter,  extends 
from  the  blind  end  of  bore  72.  A  piston  valve 
means  78  operates  within  the  bores  72  and  76  and 
is  driven  by  the  driver  66.  The  piston  valve  means 
78  comprises  a  valve  seat  piston  80  having  a 
cylindrical  body  portion  sized  to  reciprocate  in  the 
bore  76  and  a  flange  portion  of  a  diameter 
intermediate  the  diameter  of  the  bores  72  and  76. 
Valve  piston  82  is  provided  with  a  cylindrical  body 
portion,  adapted  to  reciprocate  to  a  limited  extent, 
or  to  telescope,  within  a  bore  formed  in  the  valve 
seat  piston  80,  and  a  flange  portion  which  seals 
against  the  inner  surface  of  the  bore  72.  The 
telescoping  action  of  the  valve  piston  82  with 
respect  to  the  valve  seat  piston  80  is  controlled  by 
a  pin  84  affixed  to  the  cylindrical  body  of  the  valve 
seat  piston  80  but  moveable  within  longitudinal 
slots  86  formed  in  the  body  of  the  valve  piston  82. 
A  series  of  orifices  88  are  formed  through  the 
flange  portion  of  the  valve  piston  82.  A  compres- 
sion  spring  90  is  located  within  a  blind  bore  92 
formed  in  the  valve  piston  82.  One  end  of  the 
spring  90  is  seated  at  the  end  of  the  blind  bore  92 
while  the  other  end  of  the  spring  engages  the  pin 
84  so  as  to  bias  the  flange  portion  of  the  valve 
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releasing  the  pressure  behind  the  driver  66.  This 
action  permits  the  cage  32  to  drive  the  driver  66 
over  the  cam  rise  64.  The  motor  will  then  acceler- 
ate  the  cage  32  and  the  parts  connected  thereto, 

s  delivering  another  value  or  quantum  of  kinetic 
energy  to  the  fastened  parts  when  the  driver  66 
again  comes  into  contact  with  the  cam  rise  64  on 
the  impulse  member  42.  This  action  is  repeated 
until  the  preset  tightening  torque  has  been 

w  applied  to  the  fastener.  Thereafter,  the  cage  will 
continue  to  rotate  as  the  driver  66  rides  over  the 
cam  rise  64,  developing  the  predetermined  torque 
during  each  cycle.  Because  of  the  shape  of  the 
cam  rise  64  on  the  impulse  member  42,  the 

m  direction  of  the  force  on  the  driver  is  gradually 
changed  so  that  the  driver  is  brought  into  contact 
with  the  cage  wall  and  piston  before  a  high  value 
of  load  is  applied.  This  avoids  an  impact 
phenomenon  which  would  tend  to  increase  the 

20  effective  torque  as  a  function  of  the  number  of 
cycles  of  torque  application.  Thus,  in  accordance 
with  the  present  invention,  the  same  tightening 
torque  will  be  applied  even  though  the  tool  is 
allowed  to  cycle  repeatedly,  once  the  preset 

25  torque  has  been  obtained.  As  a  concomitant  to 
the  absence  of  impact,  the  noise  produced  by  the 
impulse  mechanism  of  the  present  invention  will 
be  minimized. 

It  will  also  be  noted  that  the  valve  piston  82  is 
30  isolated  from  the  cam  surface  62  of  the  impulse 

member  42  and  is  affected  only  by  a  pure  axial 
force  delivered  by  the  driver  66.  This  construction 
reduces  the  effects  of  asymmetrical  loading 
which  tend  to  increase  the  wear  on  the  piston 

35  valve  means  78  and  bore  72  of  the  assembly. 
Although  it  is  advantageous,  for  the  reasons 
stated,  to  utilize  a  driver  66  which  is  separate  from 
the  piston  valve  means  78,  it  will  be  understood 
that  the  piston  82  and  the  driver  66  may  be 

40  combined  into  an  integral  unit  comprising  a 
piston  having  a  hemispherical  shape  on  one  end. 

Axial  impacts  on  the  impulse  member  42  are 
also  inhibited  by  the  spring  52  and  the  thrust 
member  54  which  provide  a  bias  on  the  impulse 

45  member  42  so  as  to  maintain  it  in  contact  with  the 
thrust  bearing  46  and  the  threaded  cap  36 
attached  to  the  cylindrical  cage  32.  As  noted 
above,  torsional  impact  is  avoided  by  the  shape  of 
the  cam  rise  64. 

so  As  shown  in  Fig.  2,  the  piston  valve  means  78 
comprises  valve  seat  piston  80  and  valve  piston 
82,  the  flange  of  valve  piston  82  contacting  the 
bore  72  and  containing  orifices  88.  It  will  be 
appreciated  that  the  piston  valve  means  78  would 

55  function  in  the  same  manner  if  the  orifices  88 
were  located  in  the  flange  of  valve  seat  piston  80; 
that  flange  contacted  the  bore  72;  and  the  flange 
of  valve  piston  82  cleared  the  bore  72. 

An  alternative  design  for  an  impulse  device  in 
60  accordance  with  the  present  invention  is  shown  in 

Fig.  5.  This  alternative  design  employs  a  different 
check  valve  means.  In  the  design  of  Fig.  5,  parts 
which  are  identical  to  those  shown  in  Fig.  2  are 
identified  by  the  same  designators  and  the 

65  description  of  them  will  not  be  repeated. 

clockwise  or  counterclockwise  direction  so  as  to 
deliver  torque  impulses  in  either  direction.  The 
axial  force  on  the  valve  piston  82  causes  the  valve 
piston  82  to  move  against  the  bias  of  spring  90 
until  the  flange  portion  of  the  valve  piston  82 
seats  against  the  flange  portion  of  the  valve  seat 
piston  80  thereby  sealing  the  orifices  88. 

As  soon  as  the  orifices  88  are  sealed,  further 
motion  of  valve  piston  82  will  begin  to  increase 
the  hydraulic  pressure  behind  the  piston  valve 
means  78  in  the  bores  72,  76  and  100  to  a  level 
which  will  then  move  the  piston  102  against  the 
bias  of  the  low-force  spring  120  until  the  piston 
102  seats  against  the  inner  end  of  the  adjusting 
collar  110.  Thereafter,  continued  travel  of  the 
valve  piston  82  will  cause  the  pressure  behind  the 
piston  valve  means  78  to  increase  to  a  higher 
level.  Such  pressure  increase  will  be  reflected  as 
an  increased  torque  delivered  to  the  impulse 
member  42. 

It  will  be  noted  in  Fig.  2  that  the  circumferential 
edge  of  the  flange  portion  of  the  valve  piston  82  is 
curved  so  that  essentially  line  contact  is  made 
with  the  bore  at  the  point  indicated  by  122.  When 
this  point  on  the  flange  reaches  the  edge  of  the 
connecting  bore  100  (indicated  at  124)  the 
pressure  developed  behind  the  piston  valve 
means  78  will  be  released,  thereby  permitting  the 
driver  66  to  be  driven  further  into  the  bore  72  a 
distance  sufficient  to  clear  the  cam  rise  64. 

As  the  driver  66  rides  down  the  cam  rise  64,  the 
cylindrical  cage  32  and  its  components  accelerate 
and  the  springs  90  and  94  drive  the  valve  piston 
82  back  towards  the  impulse  member  42.  At  the 
same  time,  the  spring  120  returns  the  piston  102 
to  its  original  position.  When  the  rotating  cage  32 
and  driver  66  again  engage  the  cam  rise  64,  the 
driver  will  be  driven  into  the  bore  72  and  another 
torque  impulse  will  be  delivered  to  the  impulse 
member  42.  It  will  be  appreciated  that  the 
developed  torque  on  the  impulse  member  42  will 
be  proportional  to  the  stroke  of  the  valve  piston 
82  but  will  also  be  affected  by  the  shape  of  the 
cam  rise  64  and  the  leakage  of  hydraulic  fluid  past 
the  valve  piston  82  which  leakage  is,  in  turn, 
affected  by  the  rotational  speed  of  the  cage  32. 
While  the  total  axial  motion  of  the  valve  piston  82 
remains  constant,  the  portion  of  the  stroke  during 
which  pressure  can  be  built  up  so  as  to  develop  a 
torque  on  the  impulse  member  42  depends  upon 
the  stroke  of  the  piston  102,  which  is  controlled  by 
setting  of  the  adjusting  collar  110  and  the  length 
of  the  relief  groove  74.  It  can  be  seen  that  as  the 
stroke  of  the  piston  102  is  reduced,  the  delivered 
torque  will  be  increased. 

It  will  be  understood  that  when  the  impulse 
device  of  the  present  invention  is  operated,  for 
example,  to  tighten  a  nut,  the  cage  32  and 
impulse  member  42  will  rotate  as  a  unit  until  the 
fastened  members  absorb  the  kinetic  energy  of 
the  rotating  parts  or  the  preset  tightening  torque 
has  been  applied.  If  the  fastened  members  absorb 
the  kinetic  energy  without  obtaining  the  preset 
torque,  the  impulse  member  42  will  remain  at  rest 
and  the  piston  valve  means  78  will  open  thereby 
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Referring  now  to  Fig.  5,  the  driver  66  is  movable 
within  a  bore  126  formed  in  the  cage  32  parallel  to 
the  axis  of  the  cage  32.  A  smaller  bore  128  may 
extend  deeper  into  the  cage  32.  A  piston  130  is 
mounted  for  reciprocating  motion  within  the  bore  s 
126  and  is  biased  toward  the  driver  66  by  a 
compression  spring  132  one  end  of  which  is 
seated  against  the  underside  of  the  head  of  the 
piston  130  and  the  other  end  of  which  is  seated  in 
the  bore  128.  10 

Instead  of  the  concentric  bore  100  shown  in  Fig. 
2,  an  eccentric  bore  134  communicates  between 
bore  98  and  the  piston  bore  126.  An  adjustable 
collar  136  having  a  circumferential  groove  138 
and  an  inner  bore  140  is  threaded  into  the  is 
threaded  bore  96.  An  O-ring  142  may  be  located  in 
the  circumferential  groove  138  to  seal  the  adjust- 
able  collar  136  and  the  bore  96.  If  desired,  a  drain 
passageway  144  may  be  provided  to  communi- 
cate  between  the  groove  138  and  the  recess  34  in  20 
the  cage  32. 

A  piston  146  having  a  circumferential  groove 
148  is  mounted  for  reciprocating  motion  in  bore 
98.  One  or  more  O-rings  150  may  be  employed  to 
seal  the  piston  148  against  the  bore  98.  The  piston  25 
146  is  provided  with  an  internal  bore  152  and  an 
orifice  154.  A  transverse  groove  156  communicat- 
ing  with  the  orifice  1  54  is  formed  on  the  end  of  the 
piston  146  which  is  adjacent  to  the  adjustable 
collar  136.  The  piston  146  is  biased  away  from  the  30 
adjustable  collar  136  by  a  compression  spring 
158,  one  end  of  which  is  seated  in  the  bore  140  of 
the  adjustable  collar  136  while  the  other  end 
contacts  an  end  of  piston  146.  A  drain  passage 
160  communicates  between  the  juncture  of  bores  35 
96  and  98  on  the  one  hand  and  the  recess  34  on 
the  other  hand. 

A  check  valve  162  is  located  within  the  bore  152 
of  piston  146.  Check  valve  162  is  biased  toward  an 
open  position,  where  its  upper  end  abuts  against  40 
pins  164  secured  in  the  bore  152  of  piston  146,  by 
a  compression  spring  166,  one  end  of  which  is 
seated  in  the  bore  152  of  piston  146  while  the 
other  end  bears  against  a  flange  162(a)  formed  on 
the  upper  side  of  the  check  valve  162.  The  flange  45 
162{a)  has  formed  therein  a  plurality  of  notches 
162(b)  so  that  hydraulic  fluid  may  pass  the  check 
valve  162.  The  cross  sectional  area  of  the  notches 
162(b)  together  with  the  area  of  the  clearance 
space  between  the  check  valve  162  and  the  bore  so 
152  is  designed  to  be  less  than  the  area  of  the 
orifice  1  54  so  that  when  hydraulic  fluid  flows  past 
the  check  valve  162  and  through  the  orifice  154 
there  will  be  a  pressure  drop  across  the  check 
valve  162.  It  will  be  appreciated  that  any  such  55 
pressure  drop  will  tend  to  move  the  check  valve 
toward  a  sealing  position  over  the  orifice  154 
against  the  bias  of  spring  166.  Preferably,  the 
spring  ischosen  to  have  a  rate  sufficient  to  hold 
the  check  valve  162  open  until  the  pressure  60 
behind  the  piston  130  is  about  200  psi. 

Operation  of  the  device  shown  in  Fig.  5  is  as 
follows:  Rotation  of  the  air  motor  drive  shaft  26 
rotates  the  cage  32  and  the  driver  66. 

When  the  driver  66  contacts  the  cam  rise  64  it  65 

will  tend  to  ride  up  the  cam  rise  and  drive  the 
piston  130  further  into  the  bore  126  against  the 
bias  of  spring  132.  Such  motion  of  the  piston  130 
causes  hydraulic  fluid  contained  in  the  bores  126 
and  128  to  be  pumped  through  the  orifice  154  and 
through  the  drain  passageway  160  back  to  the  low 
pressure  zone  surrounding  the  impulse  member 
42.  Due  to  the  pressure  drop  across  the  check 
valve  162,  the  check  valve  will  close  and  further 
motion  of  the  piston  130  will  drive  the  piston  146 
downwardly  until  it  contacts  the  adjustable  collar 
136.  Once  piston  146  has  seated  against  the 
adjustable  collar  136,  further  motion  of  the  piston 
130  results  in  a  rapid  buildup  of  pressure  behind 
the  piston  130  which  pressure  is  reflected  as  an 
axial  force  on  the  driver  and  through  the  driver  on 
the  impulse  member  42,  producing  thereby  a 
torque  tending  to  rotate  the  impulse  member. 

If  the  kinetic  energy  of  the  rotating  parts  is 
sufficient  to  tighten  the  fastener  to  the  pre-set 
torque,  the  driver  66  will  be  forced  over  the  cam 
rise  64  on  the  impulse  member  42.  When  that 
occurs  repeated  cycles  of  impulses  will  not  pro- 
duce  any  increased  tightening  torque.  If  the  kine- 
tic  energy  of  the  rotating  parts  is  insufficient  to 
produce  the  desired  pre-set  torque,  the  rotating 
parts,  including  the  cage  32  and  the  impulse 
member  42  will  stop  and  the  cage  32  will  move  so 
that  the  driver  instead  of  being  forced  over  the 
cam  rise  as  occurs  when  the  fastener  is  tightened 
to  the  pre-set  torque,  will  ride  down  the  cam  rise 
64.  This  motion,  together  with  leakage  past  the 
piston  130  causes  the  pressure  behind  piston  130 
to  drop.  When  that  pressure  reaches  a  pre-deter- 
mined  level,  e.g.,  200  psi,  the  check  valve  162 
opens,  thus  functioning  as  a  pressure  relief  valve. 
Once  the  check  valve  opens,  the  driver  66  will  ride 
over  the  cam  rise  and  spring  132  will  drive  the 
piston  130  and  the  driver  66  outwardly  so  as  to 
refill  the  mechanism  with  hydraulic  fluid.  At  the 
same  time,  the  air  motor  drive  mechanism  will 
accelerate  the  rotating  parts  to  commence 
another  cycle  of  operation.  Each  cycle  of  oper- 
ation  will  increase  the  torque  delivered  to  the 
work  until  the  pre-set  torque  is  attained. 

Referring  now  to  Fig.  6,  another  form  of  the 
present  invention  is  shown  wherein  the  driver 
moves  in  a  radial  rather  than  a  axiai  direction, 
thereby  substantially  eliminating  the  axial  thrust. 
Parts  which  are  common  to  the  device  as  shown 
in  Fig.  5  are  given  the  same  designators  and  their 
description  will  not  be  repeated  here. 

As  shown  in  Figs.  6  and  7,  the  rotatable  cage 
member  168  is  provided  at  one  end  with  a  splined 
cavity  30  to  receive  the  drive  shaft  26  of  the  air 
motor  and  is  provided  with  an  aperture  170  at  the 
other  end  which  is  rotatably  connected  to  the 
shaft  40  of  impulse  member  172.  The  impulse 
member  172  carries,  near  its  inner  end,  a  circum- 
ferential  cam  surface  174  having  a  single  cam  rise 
176.  The  shape  of  the  cam  rise  176  is  similar  to 
that  of  the  cam  rise  64  shown  in  Fig.  4.  A  stub 
shaft  178  may  be  formed  on  the  inner  end  of  the 
impulse  member  172  to  mate  with  a  bore  180 
formed  in  the  rotatable  cage  168. 
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rotatable  cage  member  212  rides  on  the  cam 
surface  226.  The  driver  230  is  biased  toward  the 
impulse  member  206  by  a  compression  spring 
234.  The  diameter  of  the  driver  230  and  the  bore 

5  232  are  substantially  equal  so  that  as  the  driver 
230  is  driven  into  the  bore  232  by  the  cam  rise 
228,  hydraulic  fluid  contained  in  the  bore  232  (and 
connecting  passageways,  as  described  below) 
will  be  pressurized. 

w  Referring  now  to  Figs.  9  and  10,  the  bore  232 
communicates  with  a  blind  cross  bore  236  closed 
by  plug  238  where  it  leaves  the  cylindrical  cage 
212.  Cross  bore  236  communicates  with  longi- 
tudinal  bore  240  which  contains  a  reduced  portion 

15  242  adjacent  the  bore  214.  A  ball  check  valve  244 
is  located  within  the  bore  240  and  is  seated 
against  the  reduced  portion  242  thereof  by  a 
compression  spring  246  positioned  by  a  plug  248 
which  seals  the  bore  240.  The  ball  check  valve  244 

20  permits  hydraulic  fluid  to  enter  the  bore  232 
behind  driver  230  (and  connecting  passages) 
whenever  the  pressure  within  the  cylindrical  bore 
214  is  greater  than  the  pressure  within  the  bore 
232  behind  driver  230. 

25  An  adjustable  pressure  relief  valve  means  250, 
best  shown  in  Fig.  10,  communicates  with  the 
bore  240  through  passageway  252  and  with  the 
cylindrical  bore  214  through  passageway  254.  The 
pressure  relief  valve  means  250  comprises  a 

30  transverse  bore  256  formed  in  the  rotatable  cage 
212  and  threaded  in  the  region  near  the  surface  of 
the  cage  21  2  to  receive  a  sealing  collar  258.  A  ball 
valve  seat  260  communicates  between  the  bore 
256  and  the  passageway  252  and  positions  a  ball 

35  valve  262.  An  adjusting  screw  264,  sealed  against 
the  collar  258  by  an  O-ring  266,  is  threaded  into  an 
adjusting  nut  268  which  carries  one  end  of  com- 
pression  spring  270.  The  other  end  of  the  com- 
pression  spring  270  is  seated  on  retainer  plate  272 

40  which  bears  against  the  ball  valve  262.  It  will  be 
understood  that  rotation  of  the  adjusting  screw 
264  will  change  the  axiai  location  of  the  adjusting 
nut  268  thereby  altering  the  force  exerted  on  the 
ball  valve  262  by  the  spring  270  acting  through 

45  the  plate  272. 
A  by-pass  valve  means  274,  best  shown  in  Fig. 

9,  communicates  between  the  passageway  240 
behind  ball  check  valve  244  and  the  cylindrical 
bore  214.  By-pass  valve  means  274  comprises  a 

so  transverse  bore  276,  threaded  in  its  central  region 
which  communicates  in  its  central  region  with 
passageway  254  and,  at  its  inner  end,  with 
passageway  278,  which  passageway,  in  turn, 
communicates  with  the  adjustable  pressure  relief 

55  means  250,  driver  means  230  and  ball  check  valve 
244.  The  open  end  of  the  passageway  '278  is 
sealed  by  a  plug  279.  A  valve  body  280  threaded 
into  the  bore  276  carries  O-rings  282  which  seal 
the  open  end  of  the  bore  276.  Restrictor  valve  284 

60  is  positioned  for  reciprocating  motion  along  the 
axis  of  valve  body  280  and  biased  toward  the 
open  position  by  compression  spring  286.  Motion 
of  restrictor  valve  284  in  a  direction  to  open  the 
valve  is  limited  by  a  check  ball  288  positioned  in  a 

65  hole  290  formed  in  the  valve  body  280  and  a 

A  diametral  blind  bore  182,  threaded  at  its  open 
end,  is  formed  in  the  rotatable  cage  in  alignment 
with  the  cam  surface  174.  A  plug  184  carrying  an 
O-ring  186  seals  the  open  end  of  the  diametral 
blind  bore  182.  A  driver  188  is  mounted  for 
reciprocating  movement  within  the  bore  182  and 
biased  toward  the  cam  surface  174  by  a  compres- 
sion  spring  190. 

Bore  98  containing  piston  146  and  check  valve 
162  communicates  with  the  portion  of  the  bore 
182  behind  driver  188  through  diametral  bore  192 
and  one  or  more  axial  bores  194  formed  in  the 
cylindrical  cage  member  168.  The  open  end  of 
axial  bore  194  is  sealed  by  the  plug  196. 

The  mechanism  shown  in  Figs.  6  and  7  operates 
in  the  same  way  as  the  mechanism  of  Fig.  5  with 
the  exception  that  the  action  of  the  driver  188  on 
the  cam  rise  176  produces  a  transverse  instead  of 
axial  load  and  therefore  no  thrust  bearing  is 
required. 

Another  alternative  design  for  an  impulse 
device  in  accordance  with  the  present  invention  is 
illustrated  in  Figs.  8-12.  In  this  alternative  design 
the  predetermined  torque  is  established  by  a 
direct  control  of  the  pressure  developed  by  the 
stroke  of  the  driver  rather  than  indirectly  by 
varying  the  effective  length  of  the  stroke  of  the 
driver. 

Fig.  8  shows  a  longitudinal  cross  section  of  an 
impulse  device  of  the  alternative  design  in 
accordance  with  the  present  invention.  The 
impulse  device  198  is  generally  cylindrical  in  form 
and  comprises  an  outer  casing  200  affixed  to  an 
air  or  electric  motor  202.  The  outer  casing  200  has 
a  reduced  portion  204  opposite  the  air  or  electric 
motor  202  from  which  the  impulse  member  206 
extends.  The  impulse  member  206  is  carried  by  a 
bushing  208  fixed  to  the  reduced  portion  204  of 
the  outer  casing  200.  Appropriate  means  are 
provided  on  the  end  of  the  impulse  member  206 
to  carry  any  desired  tool,  e.g.,  a  socket  wrench 
(not  shown). 

The  air  motor  drive  shaft  210  drivingly  engages 
a  rotatable  cage  212  which  is  generally  cylindrical 
in  shape  and  is  provided  with  a  threaded  cylindri- 
cal  bore  214  on  the  end  opposite  from  that  which 
engages  the  air  motor  drive  shaft  210.  A  threaded 
cap  216  mates  with  the  threaded  bore  214  of  the 
rotatable  cage  212  and  may  be  sealed  by  O-ring 
218.  The  threaded  cap  216  supports  a  thrust 
bearing  220  against  which  the  head  portion  222  of 
the  impulse  member  206  bears.  A  spring  loaded 
grease  seal  224  may  be  positioned  between  the 
impulse  member  206  and  the  threaded  cap  21  6  to 
prevent  leakage  of  high  pressure  hydraulic  fluid 
past  the  thrust  bearing  220. 

As  best  shown  in  Figs.  8  and  12,  a  cam  surface 
226  formed  on  one  end  of  the  impulse  member 
206  has  a  single  cam  rise  228  symmetrical  about 
its  apex  and  contained  within  about  one  quadrant 
of  the  head  222  of  the  impulse  member  206.  The 
cam  rise  228  comprises  three  zones  like  zones 
64a,  b  and  c  (See  Fig.  4)  described  above  with 
respect  to  the  embodiment  shown  in  Fig.  2.  A 
driver  230  carried  by  a  bore  232  formed  in  the 
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driver  230  again  contacts  the  cam  rise  228.  This 
cycle  of  events  is  repeated  until  the  pre-set  torque 
has  been  delivered  to  the  fastener  by  the  impulse 
member  206. 

When  the  fastener  is  tightened  to  the  preset 
torque,  the  pressure  behind  the  driver  rises  to  the 
level  set  by  the  adjustable  pressure  relief  means 
250  whereupon  the  ball  valve  262  opens.  It  will  be 
seen  that  after  the  predetermined  torque  has 
been  applied  by  the  impulse  member  206  the  air 
motor  202  will  continue  to  rotate  and  cyclically  to 
apply  a  torque  to  the  impulse  member  140  of 
identical  magnitude  in  each  cycle.  As  the  torque 
builds  up  from  a  zero  level  during  each  cycle  there 
is  no  impact  involved  and  the  applied  torque  will 
not  increase  or  produce  excessive  tightening 
even  though  the  air  motor  202  is  allowed  to 
continue  to  operate  after  the  impulse  member  206 
has  ceased  to  turn. 

It  will  be  appreciated  that  the  adjustable 
pressure  relief  means  250  shown  in  Figs.  8  and  10 
performs  a  function  equivalent  to  that  of  the 
adjustable  stroke  piston  102  shown  in  Fig.  2  and  it 
is  therefore  within  the  scope  of  the  present 
invention  to  utilize  these  mechanisms  inter- 
changeably  in  either  form  of  the  invention  dis- 
closed  herein. 

Similarly,  the  thrust  member  mechanisms  com- 
prising  the  thrust  member  54  and  compression 
spring  52  and  the  expansion  chamber  mechanism 
comprising  the  expansion  chamber  51  and  piston 
53  shown  in  Fig.  2  may  be  incorporated  into  the 
impulse  member  206  shown  in  Fig.  8,  if  desired. 

In  the  embodiments  shown  in  Figs.  1-5  and  8-12 
a  substantial  thrust  force  is  developed  on  the 
impulse  member.  While  it  is  preferable  to  provide 
an  anti-friction  thrust  bearing  as  illustrated  in 
Figs.  2,  5  and  8  this  bearing  may  be  omitted  and 
the  head  of  the  impulse  member  48,  222  allowed 
to  contact  the  threaded  cap  36,  216  directly, 
lubrication  being  provided  by  the  oil  contained 
within  the  cage.  Any  variability  in  the  coefficient 
of  friction  in  such  a  modification  will,  or  course, 
affect  the  torque  delivered  by  the  device. 

The  thrust  may  also  be  balanced  by  providing  a 
cam  surface  on  opposite  faces  of  the  impulse 
member  42,  206  and  corresponding  opposed 
pressure  cylinders.  Alternatively,  the  impulse 
member  cam  may  be  formed  on  the  outside 
periphery  of  the  head  of  the  impulse  member  42, 
206  as  shown  in  detail  in  Figs.  6  and  7. 

Claims 

1  .  A  portable  tool  of  an  impulse  type  adapted  to 
be  driven  by  electric  or  air  motor  driving  means 
having  a  rotatable  drive  shaft  (26;  210),  said 
power  tool  delivering  a  controllable  torque  to  a 
threaded  fastener  and  comprising  a  generally 
cylindrical  outer  casing  (14;  200)  within  which  a 
generally  cylindrical  rotatable  cage  (32;  168;  212), 
filled  with  hydraulic  fluid,  is  supported  for  drive 
by  said  rotatable  drive  shaft,  a  driven  impulse 
member  (42;  172;  206)  having  an  inner  end 
portion  within  said  cage  and  an  outer  end  portion, 

circumferential  groove  292  formed  in  the  restric- 
tor  valve  284.  The  rate  of  compression  spring  286 
is  selected  so  that  the  restrictor  valve  284  will 
remain  open  until  the  pressure  in  passageway 
278  (and  the  remaining  passageways  inter-  5 
connected  therewith)  reaches  a  predetermined 
amount,  e.g.  «  2  MPa  (300  psig). 

The  operation  of  the  mechanism  may  con- 
veniently  be  described  with  reference  to  the 
schematic  view  shown  in  Fig.  11.  It  will  be  10 
understood  that  the  outer  casing  200  is  filled  with 
hydraulic  fluid  or  oil.  The  rotatable  cage  212  is 
connected  to  and  driven  by  the  air  motor  drive 
shaft  210.  As  the  cage  212  begins  to  rotate  it 
carries  with  it  driver  230  which  can  move  within  15 
the  bore  232  and  also  contacts  the  cam  surface 
226.  When  the  driver  230  reaches  the  cam  rise  228 
it  applies  a  force  to  the  impulse  member  206 
through  the  cam  rise  228  which  force  may  be 
resolved  into  an  axial  force  and  a  torque.  The  20 
axial  force  appears  as  a  normal  load  on  the  thrust 
bearing  220  and  an  equal  and  opposite  force 
tending  to  drive  the  driver  230  into  the  bore  232. 
The  torque  tends  to  rotate  the  impulse  member 
206  in  the  same  direction  as  the  cage  212  is  25 
rotating,  which  may  be  either  clockwise  or 
counterclockwise.  It  will  be  appreciated  that  the 
cage  212  and  impulse  member  206  will  rotate  as  a 
unit  until  the  fastener  being  driven  either  absorbs 
the  kinetic  energy  of  the  rotating  parts  or  the  pre-  30 
set  torque  has  been  obtained. 

When  a  load  is  applied  to  the  impulse  member 
206,  the  driver  230  begins  to  ride  up  the  cam  rise 
228  and  is  forced  into  the  bore  232  compressing 
the  spring  234  and  the  oil  contained  in  the  bore  35 
232.  When  the  pressure  exceeds  a  predetermined 
level,  e.g.,  300  psi,  the  by-pass  valve  means  274 
closes  and  pressure  will  continue  to  build  up  in 
the  passageways  behind  the  driver  230  as  it  is 
driven  into  the  bore  232.  The  rising  pressure  40 
behind  the  driver  230  is  reflected  as  an  increase  in 
the  torque  applied  to  the  impulse  member  212 
through  the  cam  rise  228.  In  the  event  that  the 
work,  i.e.,  the  fastening  being  tightened  or 
loosened,  absorbs  the  kinetic  energy  of  the  cage  45 
212  and  its  associated  parts  without  attaining  the 
pre-set  torque,  both  the  cage  212  and  the  impulse 
member  206  will  come  to  rest.  When,  as  a  result 
of  leakage  and  reverse  motion  of  the  cage  212,  the 
pressure  behind  the  driving  ball  230  drops  below  50 
the  pre-set  pressure,  e.g.  300  psi,  by-pass  means 
274  opens  and  hydraulic  fluid  flows  through  the 
by-pass  means  274.  With  the  impulse  member 
206  still  at  rest,  the  air  motor  202  rotates  the  cage 
212  and  drives  the  driver  230  over  the  cam  rise  55 
228.  As  the  driver  230  rides  down  the  cam  rise  228 
in  response  to  the  bias  of  spring  234,  the  driver 
moves  outwardly  in  the  bore  232  and  check  valve 
244  opens  to  permit  the  refilling  of  the  passage- 
ways  behind  the  driver  230  with  oil.  Simul-  60 
taneously,  the  air  motor  202,  which  is  temporarily 
unloaded,  begins  to  accelerate  the  cage  212  and 
its  associated  parts  and  provides  the  cage  with  a 
quantum  or  pulse  of  kinetic  energy  which  can  be 
delivered  to  the  impulse  member  206  when  the  65 
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bias  the  flange  portion  of  said  first  piston  away 
from  the  flange  portion  of  said  second  piston. 

5.  A  tool  according  to  claim  4,  characterized  in 
that  the  torque  adjusting  means  comprises  a 

5  second  bore  (100)  communicating  with  said  first 
bore  (72),  second  piston  means  (102)  mounted  for 
reciprocating  movement  between  first  and 
second  positions  within  said  second  bore  (100), 
adjustable  collar  stop  means  (110)  positioned 

10  within  said  second  bore  adapted  to  define  said 
second  position  of  said  second  piston  means 
(102)  within  said  second  bore  (100),  and  third 
biasing  means  (120)  seated  against  said  adjust- 
able  collar  stop  means  (110)  and  biasing  said 

w  second  piston  means  (102)  toward  said  first  posi- 
tion  of  said  second  piston  means  (102). 

6.  The  tool  according  to  claim  5,  characterized 
in  that  said  cylindrical  outer  casing  (14)  is  pro- 
vided  with  a  removable  plug  (22)  alignable  with 

20  said  adjustable  collar  stop  means  (110). 
7.  A  tool  according  to  any  one  of  the  preceding 

claims,  characterized  by  means  (52,  54)  adapted 
to  bias  said  inner  end  portion  of  said  impulse 
member  in  a  direction  away  from  said  electric  or 

25  air  motor  driving  means. 
8.  A  tool  according  to  claim  7,  characterized  in 

that  said  means  adapted  to  bias  said  inner  end 
portion  of  said  impulse  member  comprises  a 
blind  axial  bore  (50)  formed  through  the  inner  end 

30  portion  of  said  impulse  member  and  into  the 
outer  end  portion  of  said  impulse  member,  thrust 
member  means  (54)  carried  in  said  blind  axial 
bore,  and  fourth  biasing  means  (52)  adapted  to 
bias  said  thrust  member  means  toward  said 

35  rotatable  cage  (32). 
9.  A  tool  according  to  any  one  of  claims  5  to  8 

characterized  in  that  said  hydraulic  check  valve 
means  (162)  is  incorporated  within  said  second 
piston  means  (146),  said  second  piston  means 

40  (146)  having  a  blind  bore  (152)  formed  therein  and 
an  orifice  (154)  communicating  through  said 
second  piston  means  from  the  bottom  of  said 
blind  bore,  said  hydraulic  check  valve  means 
being  mounted  for  reciprocating  motion  within 

45  said  blind  bore  between  a  first  position  biased 
away  from  said  orifice  and  a  second  position 
sealing  said  orifice,  said  hydraulic  check  valve 
means  occupying  said  first  position  whenever  the 
pressure  in  said  first  bore  behind  said  ball  is  less 

so  than  a  predetermined  pressure  and  occupying 
said  second  position  whenever  the  pressure  in 
said  first  bore  behind  said  bail  is  greater  than  said 
predetermined  pressure. 

10.  A  tool  according  to  claim  3,  characterized  in 
55  that  said  hydraulic  check  valve  means  comprises 

a  ball  check  valve  (244)  seated  in  a  first  check 
valve  bore  (240)  communicating  between  the 
pressure  chamber  within  said  first  bore  and  the 
low  pressure  region  of  said  first  bore  adjacent  the 

60  inner  end  portion  of  said  impulse  member,  and 
biasing  means  (246)  in  the  first  check  valve  bore 
for  biasing  said  ball  check  valve  toward  its  seated 
position. 

11.  A  tool  according  to  claim  10,  characterized 
65  in  that  said  torque  adjusting  means  comprises  a 

adapted  to  carry  a  work-engaging  tool,  extending 
out  of  the  cage,  said  impulse  member  being 
joumalled  in  a  region  thereof  intermediate  said 
inner  and  outer  end  portions  for  rotation  relative 
to  said  outer  casing,  and  drive  means  operatively 
connecting  the  impulse  member  with  the  rotat- 
able  cage  for  driving  the  impulse  member  when 
the  rotatable  cage  is  driven  by  said  drive  shaft, 
said  drive  means  comprising  a  driver  (66;  188; 
230)  and  a  cooperating  cam  surface  (62;  174;  226) 
on  the  impulse  member  engaged  by  said  driver, 
said  torque  which  is  applied  to  said  impulse 
member  for  tightening  the  fastener  being  a  func- 
tion  of  the  hydraulic  pressure  in  a  pressure 
chamber  within  said  cage,  created  by  the  move- 
ment  of  said  driver,  said  movement  being  a  result 
of  the  rotation  of  said  drive  shaft,  and  the  inter- 
action  of  said  driver  with  said  cam  surface  on  said 
impulse  member,  characterized  in  that  said  drive 
means  also  comprises  torque  producing  means 
(78,  82,  88,  100,  122;  126,  130;  182,  190;  232,  234) 
biasing  said  driver  against  said  cam  surface,  for 
producing  a  torque  sufficient  to  drive  said 
impulse  member  by  said  driver  on  rotation  of  said 
cage,  a  cam  rise  (64;  176;  228)  is  arranged  on  said 
cam  surface,  the  torque  producing  means  produc- 
ing  a  torque  when  said  driver  moves  along  said 
cam  rise. 

2.  A  power  tool  according  to  claim  1,  charac- 
terized  in  that  said  driver  includes  a  ball  (66) 
positioned  in  a  low  pressure  region  of  a  first  bore 
(72)  formed  in  the  cage  adjacent  said  cam  surface, 
said  first  bore  also  defining  a  region  within  which 
said  pressure  chamber  is  formed,  first  biasing 
means  (94)  effectively  biasing  said  ball  (66) 
toward  the  cam  surface,  hydraulic  pressure 
developed  in  the  pressure  chamber  of  the  first 
bore  being  a  function  of  the  movement  of  said 
ball  within  said  low  pressure  region  of  the  first 
bore. 

3.  A  power  tool  according  to  claim  2,  charac- 
terized  in  that  the  torque  producing  means  (78, 
82,  88,  100,  122)  comprise  hydraulic  check  valve 
means  (78,  82)  within  the  cage  communicating 
between  the  pressure  chamber  within  said  first 
bore  and  the  low  pressure  region  of  said  first  bore 
adjacent  the  inner  end  portion  of  the  impulse 
member  comprising  an  enlarged  head  portion 
(48),  and  torque  adjusting  means  (22,  24,  102,  110, 
120)  communicating  with  the  pressure  chamber 
within  the  first  bore  for  adjusting  the  torque 
developed  by  the  impulse  member. 

4.  A  tool  according  to  claim  3,  characterized  in 
that  said  hydraulic  check  valve  means  comprises 
first  piston  means  including  first  (82)  and  second 
(78)  telescoping  pistons  mounted  for  reciprocat- 
ing  motion  within  said  first  bore,  said  first  piston 
having  a  flange  portion  (122)  adapted  at  its  outer 
periphery  to  sealingly  engage  said  first  bore  and 
having  at  least  one  orifice  (88)  formed  through 
said  flange  portion,  said  second  piston  having  a 
flange  portion  adapted  to  engage  the  flange 
portion  (122)  of  said  first  piston  (82)  and  seal  said 
orifice  (88)  in  said  flange  portion  (122)  of  said  first 
piston,  and  second  biasing  means  (90)  adapted  to 
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second  check  valve  bore  (256,  260)  communicat- 
ing  between  the  pressure  chamber  within  said 
first  bore  and  the  low  pressure  region  of  said  first 
bore  adjacent  the  inner  end  of  said  impulse 
member,  a  second  check  valve  (262)  seated  in  5 
said  second  check  valve  bore,  and  adjustable 
biasing  means  (264,  268,  270)  in  a  non- 
pressurized  region  of  said  second  check  valve 
bore  biasing  said  second  check  valve  toward  its 
seated  position.  10 

12.  A  tool  according  to  claim  9  or  11,  charac- 
terized  by  means  adapted  to  bias  said  inner  end 
portion  of  said  impulse  member  against  a  thrust 
bearing  between  said  inner  end  portion  of  said 
impulse  member  and  said  rotatable  cage.  15 

Patentanspriiche 

1.  Tragbarer  und  angetriebener  Impulsschrau- 
ber,  der  durch  eine  Elektro-  Oder  eine  Luftmotor-  20 
betriebene  Einrichtung,  die  mit  einem  drehbaren 
Antriebsschaft  (26;  210)  versehen  ist,  angetrieben 
wird,  wobei  der  kraftbetriebene  Schrauber  ein 
kontrollierbares  Drehmoment  einem  mit  Gewinde 
versehenen  Befestigungselement  tibertragt,  und  25 
umfaRt: 

ein  im  wesentlichen  zylindrisches  a  u  (Seres 
Gehause  (14;  200),  innerhalb  dessen  ein  im 
wesentlichen  zylindrisches,  mit  hydraulischem 
Fluidum  gefuMtes,  drehbares  Gehause  (32;  168;  30 
212)  getragen  ist,  um  von  diesem  drehbaren 
Antriebsschaft  angetrieben  zu  werden; 

ein  angetriebenes  Impulsteil  (42;  172;  206),  das 
einen  inneren  Endabschnitt  innerhalb  des  Gehau- 
ses  und  einen  aulSeren  Endabschnitt  aufweist,  der  35 
so  ausgebildet  ist,  daft  er  ein  Arbeitswerkzeug 
aufnimmt  und  sich  aus  dem  Gehause  erstreckt, 
wobei  das  Impulsteil  in  einem  Abschnittzwischen 
diesen  inneren  und  aulSeren  Endabschnitten  zur 
Drehung  relativ  zu  dem  aulSeren  Gehause  gela-  40 
gert  ist,  und  Antriebseinrichtungen,  die  das 
Impulsteil  mit  dem  drehbaren  Gehause  wirksam 
verbinden,  um  das  Impulsteil  anzutreiben,  wenn 
das  drehbare  Gehause  durch  den  Antriebsschaft 
gedreht  wird,  wobei  die  Antriebseinrichtungen  45 
einen  Treiber  (66;  168;  188;  230)  und  eine  mit 
diesen  in  Eingriff  stehende  gewellte  Oberflache 
(62;  174;  226)  auf  dem  mit  dem  Treiber  in  Beriih- 
rung  stehenden  Impulsteil  aufweist,  wobei  das 
Drehmoment,  das  zur  Befestigung  des  Befesti-  so 
gungselementes  auf  das  Impulsteil  ausgeiibt 
wird,  eine  Funktion  des  hydraulischen  Druckes  in 
einer  Druckkammer  innerhalb  des  Gehauses  ist, 
und  durch  die  Bewegung  des  Treibers  erzeugt 
wird,  wobei  die  Bewegung  Resultat  der  Drehung  55 
des  Antriebsschaftes  und  der  Wechselwirkung 
des  Treibers  mit  der  gewellten  Oberflache  auf 
dem  Impulsteil  ist,  dadurch  gekennzeichnet,  dalS 
die  Antriebseinrichtungen  zusatzlich  Drehmo- 
ment  erzeugende  Einrichtungen  (78,  82,  88,  100,  60 
122;  126,  130;  182,  190;  232,  234)  umfassen,  die 
den  Treiber  gegen  die  gewellte  Oberflache  vor- 
spannen,  um  dabei  ein  ausreichendes  Drehmo- 
ment  zum  Antrieb  des  Impulsteiles  durch  den 
Treiber  bei  der  Drehung  des  Gehauses  zu  erzie-  65 

len,  wobei  ein  Wellenberg  (64;  176;  228)  auf  der 
gewellten  Oberflache  ausgebildet  ist,  und  die 
Drehmoment  erzeugenden  Einrichtungen  ein 
Drehmoment  erzeugen,  wenn  sich  der  Treiber 
entlang  des  Wellenberges  bewegt. 

2.  Kraftbetriebener  Schrauber  nach  Anspruch  1, 
dadurch  gekennzeichnet,  dalS  der  Treiber  eine 
Kugel  (66)  umfalSt,  die  in  einem  Abschnitt  niede- 
ren  Druckes  einer  ersten  Bohrung  (72),  die  in  dem 
Gehause,  an  die  gewellte  Oberflache  angrenzend 
ausgebildet  ist,  wobei  die  erste  Bohrung  zusatz- 
lich  einen  Abschnitt  bestimmt,  innerhalb  dessen 
die  Druckkammer  ausgebiidet  ist,  wobei  erste 
Vorspanneinrichtungen  (94)  wirksam  die  Kugel 
(66)  gegen  die  gewellte  Oberflache  vorspannen, 
und  wobei  der  in  der  Druckkammer  der  ersten 
Bohrung  hydraulische  Druck  eine  Funktion  der 
Bewegung  der  Kugel  innerhalb  des  Abschnittes 
niederen  Druckes  der  ersten  Bohrung  ist. 

3.  Kraftbetriebener  Schrauber  nach  Anspruch  2, 
dadurch  gekennzeichnet,  dafS  die  Drehmoment 
erzeugenden  Einrichtungen  (78,  82,  88,  100,  122) 
hydraulische  Regulierventileinrichtungen  (78,  82) 
innerhalb  des  Gehauses  umfassen,  die  mit  der 
Druckkammer  innerhalb  der  ersten  Bohrung  und 
dem  Abschnitt  niederen  Druckes  der  am  inneren 
Endabschnitt  des  Impulsteiles  angrenzenden 
ersten  Bohrung,  das  ein  vergrolSertes  Kopfteil  (48) 
umfalSt,  in  Verbindung  stehen,  und  wobei  Dreh- 
moment-Einstelleinrichtungen  (22,  24,  102,  110, 
120)  mit  der  Druckkammer  innerhalb  der  ersten 
Bohrung  in  Verbindung  stehen,  um  das  aufgrund 
des  Impulsteils  entstandene  Drehmoment  einzu- 
stellen. 

4.  Schrauber  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dafS  die  hydraulischen  Regulier- 
ventileinrichtungen  erste  Kolbeneinrichtungen 
umfassen,  die  erste  (82)  und  zweite  (78)  telesko- 
partige  Kolben  aufweisen,  die  zur  Hin-  und  Herbe- 
wegung  innerhalb  der  ersten  Bohrung  montiert 
sind,  wobei  der  erste  Kolben  einen  Flanschab- 
schnitt  (122)  aufweist,  der  an  seinem  aulSeren 
Umfang  so  ausgestaltet  ist,  daK  er  mit  der  ersten 
Bohrung  dichtend  in  Eingriff  steht,  und  wenig- 
stens  eine  Offnung  (88)  aufweist,  die  sich  durch 
diesen  Flanschabschnitt  erstreckt,  und  wobei  der 
zweite  Kolben  einen  Flanschabschnitt  aufweist, 
der  so  ausgebildet  ist,  dalS  er  mit  dem  Flanschab- 
schnitt  (122)  des  ersten  Kolbens  (82)  in  Eingriff 
steht  und  die  Offnung  (88)  in  dem  Flanschab- 
schnitt  (122)  des  ersten  Kolbens  verschlielSt,  und 
wobei  zweite  Vorspanneinrichtungen  (90)  so  aus- 
gebildet  sind,  dalS  sie  den  Flanschabschnitt  des 
ersten  Kolbens  in  einer  Richtung  vom  Flanschab- 
schnitt  des  zweiten  Kolbens  weg,  vorspannen. 

5.  Schrauber  nach  Ansp'ruch  4,  dadurch 
gekennzeichnet,  daft  die  Drehmoment  erzeugen- 
den  Einrichtungen  umfassen:  eine  zweite  Boh- 
rung  (100),  die  mit  der  ersten  Bohrung  (72)  in 
Verbindung  steht,  zweite  Kolbeneinrichtungen 
(102),  die  zur  Hin-  und  Herbewegung  zwischen 
einer  ersten  und  einer  zweiten  Position  innerhalb 
der  zweiten  Bohrung  montiert  sind,  einstellbare- 
Begrenzungsanschlagseinrichtungen  (110),  die 
innerhalb  der  zweiten  Bohrung  angeordnet  sind 
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leinrichtung  eine  zweite  Regulierventilbohrung 
(256,  260)  umfafct,  welche  zwischen  der  Druck- 
kammer  innerhalb  der  ersten  Bohrung  und  dem 
Abschnitt  niederen  Druckes  der  ersten  Bohrung, 

5  die  an  das  innere  Ende  des  Impulsteiles 
anschliefct,  kommuniziert,  ein  zweites  Regulier- 
ventil  (262),  das  in  der  zweiten  Regulierventilboh- 
rung  sitzt  und  einstellbare  Vorspanneinrichtun- 
gen  (264,  268,  270)  in  einem  nicht  mit  Druck 

10  beaufschlagten  Abschnitt  der  zweiten  Regulier- 
ventilbohrung,  mit  Hilfe  derer  das  zweite  Regu- 
lierventil  gegen  ihre  Sitzposition  gedrtickt  wird. 

12.  Schrauber  nach  Anspruch  9  oder  11, 
gekennzeichnet  durch  Einrichtungen  zum  Vor- 

15  spannen  des  inneren  Endabschnittes  des  Impul- 
steiles  gegen  ein  Drucklager  zwischen  dem  inne- 
ren  Endabschnitt  des  Impulsteiles  und  dem  dreh- 
baren  Gehause. 

20  Revendications 

1  .  Outil  portatif  d'un  type  a  impulsions,  propre  a 
etre  entratne  par  des  moyens  d'entramement  a 
moteur  electrique  ou  pneumatique  ayant  un  arbre 

25  d'entramement  (26;  210)  capable  de  tourner,  cet 
outil  moteur  fournissant  un  couple,  dont  on  peut 
etre  maTtre,  a  un  moyen  de  fixation  porteur  de 
filets,  et  comprenant  une  enveloppe  exterieure 
(14;  200)  de  forme  generale  cyiindrique,  a  I'inte- 

30  rieur  de  laquelle  est  portee,  pour  etre  entratnee 
par  I'arbre  d'entramement  rotatif,  une  cage  capa- 
ble  de  tourner  (32;  168;  212)  de  forme  generale 
cyiindrique,  un  organe  d'impulsion  entratne  (42; 
172;  206)  ayant  une  partie  d'extremite  interieure 

35  dans  ladite  cage  et  une  partie  d'extremite  exte- 
rieure  propre  a  porter  un  outil  de  travail  s'eten- 
dant  hors  de  la  cage,  I'organe  d'impulsion  etant 
touriilonne  dans  une  de  ses  regions  interme- 
diaires  entre  les  parties  d'extremites  interieure  et 

40  exterieure  pour  tourner  par  rapport  a  I'enveloppe 
exterieure,  et  des  moyens  d'entratnement  reliant 
pour  fonctionnement  I'organe  d'impulsion  a  la 
cage  capable  de  tourner,  pour  entratner  I'organe 
d'impulsion  lorsque  la  cage  capable  de  tourner 

45  est  entratnee  par  I'arbre  d'entramement,  lesdits 
moyens  d'entratnement  comprenant  un  dispositif 
d'entramement  (66;  188;  230)  et  une  surface  de 
came  cooperante  (62;  174;  226)  sur  I'organe 
d'impulsion  cooperant  avec  le  dispositif  d'entrat- 

50  nement,  le  couple  qui  est  applique  a  I'organe 
d'impulsion  pour  serrer  le  moyen  de  fixation 
etant  fonction  de  la  pression  hydraulique  dans 
une  chambre  sous  pression  a  I'interieur  de  la 
cage,  fonction  creee  par  le  mouvement  du  dispo- 

55  sitif  d'entramement,  ce  mouvement  etant  un 
resultat  de  ia  rotation  de  I'arbre  d'entramement  et 
de  I'interaction  de  I'organe  d'entratnement  avec 
la  surface  de  came  de  I'organe  d'impulsion, 
caracterise  en  ce  que  les  moyens  d'entratnement 

eo  comprennent  aussi  des  moyens  producteurs  de 
couple  (78,  82,  88,  100,  122;  126,  130;  182,  190; 
232,  234)  poussant  I'organe  d'entratnement 
contre  la  surface  de  came  pour  produire  un 
couple  suffisant  pour  entratner  I'organe  d'impul- 

65  sion  par  le  dispositif  d'entratnement  lors  de  la 

und  so  die  zweite  Position  der  zweiten  Kolbenein- 
richtung  (102)  innerhalb  der  zweiten  Bohrung 
(100)  bestimmen,  und  dritte  Vorspanneinrichtun- 
gen  (120),  die  auf  der  einstellbaren  Begrenzungs- 
anschlagseinrichtung  (110)  aufliegen,  und  die 
zweite  Kolbeneinrichtung  (102)  in  Richtung  der 
ersten  Position  der  zweiten  Kolbeneinrichtung 
(102)  driicken. 

6.  Schrauber  nach  Anspruch  5,  dadurch 
gekennzeichnet,  date  das  zylindrische  aufcere 
Gehause  (14)  mit  einer  entfernbaren  AbschlulS- 
schraube  (22)  versehen  ist,  die  mit  der  Begren- 
zungsanschlagseinrichtung  (110)  fluchtet. 

7.  Schrauber  nach  jeglichen  der  vorstehenden- 
Anspriiche,  gekennzeichnet  durch  Einrichtungen 
(52,  54)  zum  Vorspannen  des  inneren  Endab- 
schnittes  des  Impulsteiles  in  Richtung  von  den 
Elektro-  oder  Luftmotorantriebseinrichtungen 
weg. 

8.  Schrauber  nach  Anspruch  7,  dadurch 
gekennzeichnet,  daft  die  Einrichtungen  zum  Vor- 
spannen  des  inneren  Endabschnittes  des  Impul- 
steiles  eine  verschlossene  axiale  Bohrung  (50), 
die  sich  durch  den  inneren  Endabschnitt  des 
Impulsteils  hindurch  in  den  aulSeren  Endabschnitt 
des  Impulsteiles  erstreckt,  aufweist,  wobei  ein 
Andruckteil  (54)  in  der  verschlossenen  axialen 
Bohrung  getragen  ist,  und  eine  vierte  Vorspann- 
einrichtung  (52),  die  das  Andruckteil  gegen  das 
drehbare  Gehause  (32)  druckt. 

9.  Schrauber  nach  einem  der  Anspruche  5—8, 
dadurch  gekennzeichnet,  dalS  das  hydraulische 
Regulierventil  (162)  innerhalb  des  zweiten  Kol- 
bens  (146)  eingebaut  ist,  wobei  der  zweite  Kolben 
(146)  eine  darin  ausgebildete  verschlossene  Boh- 
rung  (152)  und  eine  Offnung  (154),  die  durch  den 
Boden  der  verschlossenen  Bohrung  des  zweiten 
Kolbens  hindurch  reicht,  umfafct,  und  die  hydrauli- 
schen  Reguiierventileinrichtungen  sind  zur  Hin 
und  Herbewegung  zwischen  einer  ersten  Posi- 
tion,  die  in  Richtung  von  der  Offnung  weg  vorge- 
spannt  ist,  und  einer  zweiten  Position,  in  der  die 
Offnung  verschlossen  ist,  innerhalb  der  ver- 
schlossenen  Bohrung  montiert,  wobei  die 
hydraulischen  Reguiierventileinrichtungen  die 
erste  Stellung  jedesmal  dann  einnehmen,  wenn 
der  Druck  in  der  ersten  Bohrung  hinter  der  Kugel 
geringer  als  ein  vorbestimmter  Druck  ist,  und  die 
zweite  Stellung  einnehmen,  jedesmal  dann,  wenn 
der  Druck  in  der  ersten  Bohrung  hinter  der  Kugel 
groSer  als  dieser  vorbestimmte  Druck  ist. 

10.  Schrauber  nach  Anspruch  3,  dadurch 
gekennzeichnet,  dalS  die  hydraulischen  Reguiier- 
ventileinrichtungen  ein  Kugelreguiierventil  (244) 
umfassen,  das  in  einer  ersten  Regulierventilboh- 
rung  (240)  sitzt,  und  zwischen  der  Druckkammer 
innerhalb  der  ersten  Bohrung  und  dem  Abschnitt 
mittleren  Druckes  der  ersten  Bohrung,  der  am 
inneren  Endabschnitt  des  Impulsteils  angrenzt, 
kommuniziert,  sowie  eine  Vorspanneinrichtung 
(246)  in  der  ersten  Regulierventilbohrung  zum 
Vorspannen  des  Kugelregulierventils  gegen 
deren  Sitzposition. 

11.  Schrauber  nach  Anspruch  10,  dadurch 
gekennzeichnet,  da(5  die  Drehmoment-Einstel- 
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rotation  de  la  cage,  une  rampe  de  came  (64;  176; 
228)  etant  arrangee  sur  la  surface  de  came,  les 
moyens  producteurs  de  couple  produisant  un 
couple  lorsque  le  dispositif  d'entrainement  se 
deplace  le  long  de  la  rampe  de  came.  5 

2.  Outil  moteur  suivant  la  revendication  1, 
caracterise  en  ce  que  le  dispositif  d'entramement 
comprend  une  bille  (66)  placee  dans  une  region  a 
basse  pression  d'un  premier  alesage  (72)  dans  la 
cage,  pres  de  la  surface  de  came,  ce  premier  jo 
alesage  definissant  aussi  une  region  dans 
laquelle  la  chambre  sous  pression  est  formee,  de 
premiers  moyens  de  sollicitation  (94)  poussant 
effectivement  la  bille  (66)  vers  la  surface  de  came, 
la  pression  hydraulique  developpee  dans  la  is 
chambre  sous  pression  du  premier  alesage  etant 
une  fonction  du  mouvement  de  la  bille  a  I'inte- 
rieur  de  la  region  a  basse  pression  du  premier 
alesage. 

3.  Outil  moteur  suivant  la  revendication  2,  20 
caracterise  en  ce  que  les  moyens  producteurs  de 
couple  (78,  82,  88,  100,  122)  comprennent  des 
moyens  a  valve  d'arret  hydrauliques  (78,  82)  a 
I'interieur  de  la  cage,  assurant  la  communication 
entre  la  chambre  sous  pression  a  I'interieur  du  25 
premier  alesage  et  la  region  a  basse  pression  du 
premier  alesage  pres  de  la  partie  d'extremite 
interieure  de  I'organe  d'impulsion  comprenant 
une  partie  de  tete  agrandie  (48),  et  des  moyens 
d'ajustement  du  couple  (22,  24,  102,  110,  120)  30 
communiquant  avec  la  chambre  sous  pression 
interieure  au  premier  alesage  pour  ajuster  le 
couple  developpe  par  I'organe  d'impulsion. 

4.  Outil  suivant  la  revendication  3,  caracterise 
en  ce  que  les  moyens  a  valve  d'arret  hydrauliques  35 
comprennent  de  premiers  moyens  a  pistons  com- 
prenant  un  premier  (82)  et  un  second  (78)  pistons 
a  mouvement  teiescopique,  montes  pour  avoir  un 
mouvement  alternatif  a  I'interieur  du  premier 
alesage,  le  premier  piston  ayant  une  partie  de  40 
bride  (122)  adaptee  a  son  pourtourexterieur  pour 
etre  en  contact  etanche  avec  le  premier  alesage  et 
ayant  au  moins  un  orifice  (88)  forme  a  travers  la 
partie  de  bride,  le  second  piston  ayant  une  partie 
de  bride  propre  a  venir  en  contact  avec  la  partie  45 
de  bride  (122)  du  premier  piston  (82)  et  a  fermer 
I'orifice  (88)  dans  la  partie  de  bride  (122)  du 
premier  piston,  et  de  seconds  moyens  de  sollicita- 
tion  (90)  propres  a  pousser  la  partie  de  bride  du 
premier  piston  pour  I'ecarter  de  la  partie  de  bride  so 
du  second  piston. 

5.  Outil  suivant  la  revendication  4,  caracterise 
en  ce  que  les  moyens  d'ajustement  du  couple 
comprennent  un  second  alesage  (100)  communi- 
quant  avec  le  premier  alesage  (72),  de  seconds  55 
moyens  a  piston  (102)  montes  pour  avoir  un 
mouvement  alternatif  entre  la  premiere  et  la 
seconde  position  a  I'interieur  du  second  alesage 
(100),  des  moyens  d'arret  a  collier  ajustables  (110) 
places  a  I'interieur  du  second  alesage,  propres  a  so 
definir  la  seconde  position  des  seconds  moyens  a 
piston  (102)  a  I'interieur  du  second  alesage  (100), 
et  de  troisiemes  moyens  de  sollicitation  (120) 
s'appuyant  contre  les  moyens  d'arret  a  collier 
ajustables  (110)  et  poussant  les  seconds  moyens  65 

a  piston  (102)  vers  la  premiere  position  des 
seconds  moyens  a  piston  (102). 

6.  Outil  suivant  la  revendication  5,  caracterise 
en  ce  que  I'enveloppe  cylindrique  exterieure  (14) 
est  pourvue  d'un  bouchon  amovible  (22)  pouvant 
etre  aligne  avec  les  moyens  d'arret  a  collier 
ajustables  (110). 

7.  Outil  suivant  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  par  des  moyens 
(52,  54)  propres  a  toucher  la  partie  d'extremite 
interieure  de  I'organe  d'impulsion  dans  un  sens 
qui  I'ecarte  des  moyens  d'entramement  a  moteur 
electrique  ou  pneumatique. 

8.  Outil  suivant  la  revendication  7,  caracterise 
en  ce  que  les  moyens  propres  a  solliciter  la  partie 
d'extremite  interieure  de  I'organe  d'impulsion 
comprennent  un  alesage  axial  borgne  (50)  forme 
a  travers  la  partie  d'extremite  interieure  de  I'or- 
gane  d'impulsion  et  dans  la  partie  d'extremite 
exterieure  de  I'organe  d'impulsion,  des  moyens  a 
organe  de  poussee  (54)  portes  dans  I'alesage 
axial  borgne,  et  de  quatriemes  moyens  de  sollici- 
tation  (52)  propres  a  pousser  les  moyens  a  organe 
de  poussee  vers  la  cage  (32)  capable  de  tourner. 

9.  Outil  suivant  I'une  quelconque  des  revendi- 
cations  5  a  8,  caracterise  en  ce  que  les  moyens  a 
valve  d'arret  hydrauliques  (162)  sont  incorpores  a 
I'interieur  des  seconds  moyens  a  piston  (146),  les 
seconds  moyens  a  piston  (146)  ayant,  forme  en" 
eux,  un  alesage  borgne  (152)  et  un  orifice  (154) 
communiquant  a  travers  les  seconds  moyens  a 
piston  a  partir  du  fond  de  I'alesage  borgne,  les 
moyens  a  valve  d'arret  hydrauliques  etant 
montes  pour  avoir  un  mouvement  alternatif  a 
I'interieur  de  I'alesage  borgne,  entre  une  pre- 
miere  position  ecartee  de  I'orifice  et  une  seconde 
position  de  fermeture  de  I'orifice,  les  moyens  a 
valve  d'arret  hydrauliques  cccupant  la  premiere 
position  lorsque  la  pression  dans  le  premier 
alesage,  derriere  la  bille,  est  inferieure  a  une 
pression  predeterminee,  et  occupant  la  seconde 
position  lorsque  la  pression  dans  le  premier 
alesage,  derriere  la  bille,  est  superieure  a  ladite 
pression  predeterminee. 

10.  Outil  suivant  la  revendication  3,  caracterise 
en  ce  que  les  moyens  a  valve  d'arret  hydrauliques 
comprennent  une  valve  d'arret  a  bille  (244)  placee 
dans  un  premier  alesage  de  valve  d'arret  (240) 
assurant  la  communication  entre  la  chambre  sous 
pression  interieure  au  premier  alesage  et  la 
region  a  basse  pression  du  premier  alesage,  pres 
de  la  partie  d'extremite  interieure  de  I'organe 
d'impulsion,  et  des  moyens  de  sollicitation  (246) 
dans  le  premier  alesage  de  valve  d'arret  pour 
pousser  la  valve  d'arret  a  bille  vers  sa  position 
appuyee. 

11.  Outil  suivant  la  revendication  10,  caracterise 
en  ce  que  les  moyens  d'ajustement  de  couple 
comprennent  un  second  alesage  de  valve  d'arret 
(256,  260)  assurant  la  communication  entre  la 
chambre  sous  pression  interieure  au  premier 
alesage  et  la  region  a  basse  pression  du  premier 
alesage,  proche  de  I'extremite  interieure  de  I'or- 
gane  d'impulsion,  une  seconde  valve  d'arret  (262) 
placee  dans  le  second  alesage  de  valve  d'arret,  et 
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dication  11,  caracterise  par  des  moyens  propres  a 
pousser  la  partie  d'extremite  interieure  de  I'or- 
gane  d'impulsion  contre  un  palier  de  poussee 
entre  la  partie  d'extremite  interieure  de  I'organe 
d'impulsion  et  la  cage  capable  de  toumer. 

des  moyens  de  sollicitation  ajustables  (264,  268, 
270)  dans  une  region  non  sous  pression  du 
second  alesage  de  valve  d'arret,  poussant  la 
seconde  valve  d'arret  vers  sa  position  appuyee. 

12.  Outil  suivant  la  revendication  9  ou  la  reven- 
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