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Description wrist  system  for  use  with  an  industrial  man- 
ipulator  or  the  like  comprising:  a  mounting 
bracket  defining  a  chamber-like  interior  and 
having  first  means  at  one  end  thereof  for  attach- 
ing  said  mounting  bracket  onto  an  arm  of  an 
industrial  manipulator,  and  having  second  means 
at  the  opposite  end  thereof  for  removably 
securing  thereto  an  A  axis  wrist  module;  said  A 
axis  wrist  module  with  a  first  axis  of  rotation 
which  provides  a  first  degree  of  freedom  compris- 
ing  a  mounting  plate  having  means  therewith  for 
the  detachable  mounting  of  said  A  axis  module  to 
said  mounting  bracket  second  means,  a  first 
rotating  member  rotatably  mounted  on  said 
mounting  plate  which  first  rotating  member 
includes  a  bottom  portion  onto  which  a  B  axis 
module  is  mounted,  and  first  servo  controlled 
drive  means  in  mechanical  communication  there- 
with  for  effecting  the  rotational  movement  of  said 
rotating  member  relative  to  said  mounting  plate 
about  said  first  axis  of  rotation  which  first  axis  is 
generally  parallel  with  the  arm  of  the  robot  onto 
which  said  mounting  bracket  and  said  A  axis  wrist 
are  mounted  and  wherein  said  first  drive  means  is 
enclosed  within  said  chamber-like  interior  of  said 
mounting  bracket;  and  said  B  axis  wrist  module 
with  a  first  axis  of  rotation  which  provides  a 
second  degree  of  freedom  which  is  generally 
perpendicular  to  said  first  degree  of  freedom 
comprising  a  housing  having  a  mounting  plate  for 
the  detachable  mounting  thereof  to  said  bottom 
portion  of  said  A  axis  wrist  module,  a  second 
rotating  member  rotatably  mounted  in  said  hous- 
ing  and  second  servo  controlled  drive  means 
disposed  in  said  housing  and  in  mechanical  com- 
munication  with  said  second  rotating  member  for 
effecting  the  rotational  movement  thereof  relative 
to  said  housing  about  said  second  axis  of  rota- 
tion,  said  second  axis  being  substantially  perpen- 
dicular  to  said  first  axis  of  rotation  and  said  B  axis 
wrist  mounting  plate  and  wherein  said  second 
rotating  member  includes  a  first  and  a  second 
mounting  flange  which  detachably  receives  an 
end  effector  or  the  like  thereon,  said  first  mount- 
ing  flange  being  mounted  on  said  rotating 
member  for  radially  spaced  rotation  about  said 
second  axis  and  said  second  mounting  flange 
being  mounted  on  said  second  rotating  member 
for  rotation  on  said  axis. 

Illustrated  herein  is  a  modular  one-  or  two-axis 
multi-flange  capable  robotic  wrist  system  for  use 
with  an  industrial  manipulator.  A  first  module 
defines  a  first  wrist  assembly  comprising  a  hous- 
ing  with  means  therein  for  the  detachable  mount- 
ing  on  the  wrist  assembly  to  the  industrial  man- 
ipulator  mounting  bracket.  A  first  accessory 
support  means  is  rotatably  mounted  in  the  hous- 
ing  and  first  drive  means  are  operably  associated 
with  the  first  housing  and  the  accessory  support 
means  for  affecting  the  rotational  movement  of 
the  accessory  support  means  relative  to  the  hous- 
ing  about  a  first  axis  of  rotation.  A  second  modu- 
lar  wrist  assembly  comprises  a  housing  having 
means  thereon  for  the  detachable  mounting  of 
this  housing  to  the  first  accessory  support  means 

The  invention  generally  relates  to  the  field  of 
robotics.  More  particularly,  the  invention  is 
directed  to  an  improved  robotic  wrist  which  offers  5 
both  modular  design  and  one  or  two  axis  multi- 
flange  wrist  capability. 

The  general  acceptance  of  industrial  automa- 
tion  as  an  essential  requirement  for  improving 
productivity  has  increased  the  acceptance  of  the  10 
robot  as  a  mechanism  for  achieving  automated 
industrial  applications.  Numerous  robotic  con- 
figurations  have  been  designed  to  meet  specific 
industrial  needs,  for  example,  cutting,  welding, 
assembly,  material  handling,  etc.  The  designs  of  15 
many  commercially  available  robots  are  unique 
to  a  particular  application  and  employ  complex 
mechanical  design  features  and  sophisticated 
control  functions  dedicated  to  the  specific  indus- 
trial  application.  20 

A  robot  must  be  able  to  reach  work  pieces  and 
tools  with  minimum  energy  and  time  require- 
ment.  Preferably,  this  requires  a  combination  of 
an  arm  and  a  wrist  subassembly  plus  a  hand 
which  is  commonly  called  an  end  effector.  The  25 
robot's  sphere  of  influence  is  based  upon  the 
volume  of  sphere  of  influence  into  which  the 
robot's  arm  can  deliver  the  wrist  subassembly.  A 
variety  of  geometric  configurations  have  been 
studies  and  tried  and  the  relative  kinematic  30 
capabilities  appraised.  Each  of  the  several  geo- 
metric  configurations  offers  a  different  shape  to 
its  sphere  of  influence,  the  total  volume  of  which 
depends  upon  the  arm  link  lengths.  For  different 
applications,  different  configurations  are  typically  35 
appropriate,  a  representative  of  the  state  of  the  art 
being  the  document  DE—  A—  2754609.  A  revolute 
arm  might  be  best  for  reaching  into  a  container, 
while  a  cylindrical  arm  might  be  best  suited  to  a 
straight  thrust  between  the  dies  of  a  punching  40 
press. 

In  any  event,  the  arm  carries  a  wrist  assembly 
mounted  thereon  to  orient  its  end  effector  as 
required  by  workpiece  placement.  Commonly,  the 
wrist  provides  three  articulations  that  offer  45 
motions  labeled  "Pitch",  "Yaw"  and  "Roll".  It  is 
common  practice  for  any  of  the  arm  coordinate 
systems  to  use  up  to  three  articulations  to  deliver 
the  wrist  assembly  anywhere  into  a  sphere  of 
influence.  In  addition  to  this,  it  is  the  common  so 
practice  to  require  three  more  articulations  in  the 
wrist  for  universal  orientation  of  the  end  effector. 

It  is  an  object  of  this  invention  to  provide  a 
modular  multi-flange  robotic  wrist  which  pro- 
vides  one  or  two  independent,  controllable,  55 
degrees  of  freedom  to  enhance  the  basic  motions 
of  a  robotic  manipulator,  the  robotic  wrist 
additionally  providing  the  capability  to  turn  a  part 
upside  down  with  the  axis  of  rotation  of  the  part 
coincident  with  either  axis  of  rotation  of  the  wrist,  60 
eliminating  the  need  for  a  three-axis  wrist  in  the 
majority  of  robotic  applications,  and  at  the  same 
time  providing  a  modular  one-  or  two-axis  multi- 
flange  feature. 

The  invention  consists  in  a  modular  robotic  65 
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of  the  first  module.  Second  accessory  support 
means  are  rotatably  mounted  in  the  second  hous- 
ing  and  drive  means  are  operatively  associated 
therewith  for  affecting  the  rotational  movement 
of  the  second  accessory  support  means  relative  to  5 
the  second  housing  along  a  second  axis  of  rota- 
tion.  The  second  axis  of  rotation  is  substantially 
perpendicular  to  the  first  axis  of  rotation  of  the 
first  wrist  assembly. 

The  accessory  support  means  of  the  second  10 
modular  wrist  assembly  includes  at  least  one 
mounting  flange  operatively  associated  therewith 
and  adapted  to  receive  an  industrial  manipulator 
or  the  like  thereon.  The  mounting  flange  can  be 
operatively  associated  with  the  assembly  support  15 
means  for  radially  spaced  rotation  about  the 
second  axis.  Alternately,  the  at  least  one  mount- 
ing  flange  can  be  operatively  associated  with  the 
accessory  support  means  of  the  second  module 
for  rotation  on  the  second  axis.  Additionally,  the  20 
second  accessory  support  means  of  the  second 
module  can  include  mounting  flanges  for  rotation 
in  a  radially  spaced  relation  about  the  second  axis 
as  well  as  on  the  axis  itself  so  that  two  mounting 
flanges  are  rotating  about  a  single  axis.  In  this  25 
configuration,  the  mounting  flanges  would  have  a 
generally  perpendicular  relationship  to  one 
another. 

The  unique  modular  design  of  the  present 
robotic  wrist  provides  a  multiplicity  of  combina-  30 
tions  for  industrial  applications.  For  example,  the 
first  and  second  modules  can  be  used  together  on 
a  single  robot  arm,  or  either  of  the  modules  can 
be  used  independently.  In  either  case,  the  second 
module  can  be  provided  with  a  single  flange  35 
located  in  either  of  the  positions  described  above, 
or  with  a  pair  of  flanges. 

A  more  detailed  understanding  of  the  invention 
may  be  had  from  the  following  description  of  a 
preferred  embodiment  given  by  way  of  example  40 
and  to  be  studied  in  conjunction  with  the  accom- 
panying  drawing  wherein: 

Figure  1  is  a  somewhat  schematical  representa- 
tion  illustrating  a  rectangular  coordinate  robot 
with  a  modular  robotic  wrist  according  to  the  45 
teachings  of  this  invention  disposed  thereon, 

Figure  2  is  an  exploded  view  of  the  several 
oomponents  which  comprise  the  modular  system 
of  this  invention. 

Figure  3  is  an  elevational  view  of  the  A-axis  so 
module  and  mounting  bracket, 

Figure  4  is  an  elevational  view  of  the  B-axis 
module  with  side  tool  flange  disposed  on  a 
mounting  bracket, 

Figure  5  is  an  elevational  view  of  a  B-axis  55 
module  with  bottom  tool  flange  disposed  on  a 
mounting  bracket, 

Figure  6  is  an  elevational  view  of  a  B-axis 
module  with  bottom  tool  flange  and  side  tool 
flange,  disposed  on  a  mounting  bracket,  60 

Figure  7  is  an  elevational  view  of  the  A-  and  B- 
axis  modules  mounted  together  from  a  mounting 
bracket  with  side  tool  flange  disposed  on  the  B- 
axis, 

Figure  8  is  an  elevational  view  of  an  A-  and  B-  65 

axis  module  disposed  from  a  mounting  bracket 
with  the  B-axis  module  equipped  with  a  bottom 
tool  flange, 

Figure  9  is  an  elevational  view  of  an  A-  and  B- 
axis  module  both  disposed  from  a  mounting 
bracket  with  the  B-axis  equipped  with  a  bottom 
tool  flange  and  side  tool  flange. 

Figure  10  is  a  sectional  view  through  an  A-axis 
module  illustrating  the  drive  mechanism  therein. 

Figure  11  is  a  sectional  view  through  a  B-axis 
module  equipped  with  both  side  tool  flange  and 
bottom  tool  flange  illustrating  the  drive 
mechanism  therein. 

The  modular  multi-flange  robotic  wrist  as  illus- 
trated  herein  is  a  mechanism  which  provides  one 
ortwo  degrees  of  freedom  which  are  independent 
and  electric  servo  controlled,  in  order  to  enhance 
the  motion  capability  of  a  robotic  manipulator. 
Turning  to  Figure  1,  a  schematic  representation  of 
an  industrial  manipulator  is  generally  indicated 
by  the  reference  character  11.  Typically,  such  a 
manipulator  11  includes  a  base  13  on  which  is 
mounted  a  pivotable  arm  member  14,  for  control- 
lable  movement  along  tracks  15  by  the  drive 
means.  In  addition  to  pivotable  movement  on  the 
base,  14,  a  second  arm  16  can  be  elevated  or 
depressed.  In  order  to  enhance  the  flexibility  of 
such  a  robot  the  free  end  of  the  arm  16  is  usually 
provided  with  a  wrist  member  17.  The  use  of  a 
wrist  provides  additional  degrees  of  freedom  in 
the  articulation  of  an  end  effector  19  by  the  robot. 
The  end  effector  is  simply  a  tool  selected  to 
accomplish  a  particular  task  through  the  articula- 
tions  of  the  industrial  manipulator. 

Figures  3  —  8  illustrate  the  variety  of  configura- 
tions  made  possible  by  the  modular  wrist  of  this 
invention.  However,  prior  to  considering  each  of 
the  several  configurations  made  possible  through 
this  modular  design,  attention  is  directed  to  Fig- 
ure  2  in  which  an  exploded  view  of  the  several 
components  which  make  up  the  modular  system 
are  illustrated.  Common  to  each  configuration  is  a 
mounting  bracket  21  which  is  adapted  to  be 
removably  mounted  to  the  free  end  of  the  arm  of 
an  industrial  manipulator.  Means,  as  at  23,  are 
provided  at  one  end  of  the  mounting  bracket  21 
for  attaching  the  bracket  to  the  robot  arm.  The 
means  23  would  typically  consist  of  bores 
through  which  bolts  could  be  inserted  and 
secured  to  a  mounting  flange  on  the  robot  arm. 
The  opposite  end  of  the  mounting  bracket  21  is 
provided  with  means  25  for  removably  securing 
thereto  either  an  A-axis  module  or  a  B-axis  mod- 
ule.  The  A-axis  module  27  includes  a  mounting 
plate  29  and  a  rotating  member  31  rotatably 
mounted  on  the  mounting  plate  29.  The  A-axis 
module  27  provides  a  first  degree  of  freedom 
consisting  of  rotational  movement  about  a  first  or 
A-axis  which  is  generally  parallel  with  the  arm  of 
the  robot  onto  which  the  A-axis  module  and 
mounting  bracket  are  secured.  The  mounting 
plate  29  is  adapted  to  be  secured  to  the  modular 
securing  means  25  of  the  mounting  bracket  21. 
Additionally  the  mounting  plate  29  has  secured 
thereon  drive  means  schematically  indicated  at 
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33.  The  drive  means  33  will  be  described  in  detail 
below  in  conjunction  with  Figure  1  0.  The  mounting 
bracket  21  has  a  chamber-like  interior  35  which  is 
adapted  to  enclose  the  drive  means  33  of  the  A- 
axis  module  when  the  A-axis  module  is  mounted  5 
thereon.  Drive  means  33  are  in  communication 
with  the  rotating  member31  to  provide  the  desired 
rotational  movement  thereof.  The  bottom  portion 
37  of  the  rotating  member  31  is  adapted  to 
mountably  receive  thereon  either  the  B-axis  mod-  10 
ule  39  or  a  desired  end  effector.  The  B-axis  module 
39  includes  a  housing  41  which  has  a  mounting 
plate  43  thereon.  The  mounting  plate  43  is  adapted 
to  be  secured  to  either  the  bottom  25  of  the 
mounting  bracket  21  or  the  bottom  37  of  the  A-  15 
axis,  module  27.  At  a  side  of  the  housing  of  the  B- 
axis,  substantially  perpendicular  to  the  mounting 
plate  43,  there  is  secured  a  drive  means  45.  This 
drive  means  will  be  described  in  detail  hereinafter 
in  conjunction  with  Figure  1  1  .  A  rotating  member  20 
47  is  rotatably  mounted  in  the  B-axis  housing  41 
and  is  in  mechanical  communication  with  the  drive 
means  45  for  the  controllable  rotation  thereof 
about  a  second  or  B-axis.  The  B-axis  permits 
rotational  movement  along  an  axis  which  is  sub-  25 
stantially  perpendicular  to  the  A-axis  rotation  of 
the  A-axis  module  27.  The  rotating  member  47  of 
the  B-axis  39  is  adapted  to  receive  a  tool  flange  49 
on  the  side  thereof  to  provide  rotational  move- 
ment  on  the  aforedescribed  B  axis.  Additionally,  30 
the  rotating  member  47  is  adapted  to  receive  a  tool 
flange  51  along  the  bottom  portion  thereof  for 
radially  spaced  rotation  aboutthe  B-axis.  As  will  be 
described  below,  the  B-axis  module  can  be  pro- 
vided  with  either  a  side  tool  flange  49,  a  bottom  35 
tool  flange  51  or  both  tool  flanges  49  and  51.  By 
providing  the  B-axis  module  with  both  the  side 
tool  flange  and  the  bottom  tool  flange  the  B-axis 
module  provides  an  increased  level  of  flexibility  to 
the  industrial  manipulator  on  which  it  is  mounted.  40 

Turning  now  to  Figures  3  through  9,  the  seven 
configurations  which  are  possible  through  various 
combinations  of  the  modular  units  of  this  inven- 
tion  are  individually  illustrated.  The  A-axis  only 
configuration  is  shown  in  Figure  3  and  consists  of  a  45 
mounting  bracket  21  onto  which  is  mounted  the  A 
axis  module  27  by  means  of  mounting  plate  29 
which  is  secured  to  the  bottom  portion  25  of  the 
mounting  bracket.  The  mounting  bracket  21  is 
mounted  on  the  end  of  a  robotic  arm  which  is  not  50 
illustrated  herein  by  securing  means  23.  An  end 
effector  or  the  like  is  secured  to  the  bottom  of  the 
rotating  member  31  for  rotation  about  the  A-axis 
indicated  by  the  reference  character  A. 

A  B-axis  side  tool  flange  configuration  is  shown  55 
in  Figure  4.  This  configuration  includes  the  mount- 
ing  bracket  21  and  the  B-axis  module  39.  The 
mounting  plate  43  of  the  B  axis  housing  41  is 
secured  to  the  bottom  portion  25  of  the  mounting 
bracket  21.  The  mounting  bracket  in  turn  is  60 
mounted  to  the  end  of  robotic  arm.  The  rotating 
member  47  of  the  B-axis  module  is  equipped  with 
a  side  tool  flange  49  onto  which  an  end  effector  or 
the  like  can  be  mounted.  The  end  effector  is  not 
illustrted  herein.  The  side  tool  flange  mounting  65 

configuration  permits  the  rotational  movement  of 
an  end  effector  on  the  B-axis  indicated  by  the 
reference  character  B.  A  B-axis  bottom  tool  flange 
configuration  is  shown  in  Figure  5.  The  relation- 
ship  of  the  B-axis  module  39,  the  mounting  bracket 
21  and  the  robotic  arm  are  the  same  as  illustrated 
and  described  in  conjunction  with  Figure  4.  How- 
ever,  in  the  bottom  tool  flange  configuration,  a  tool 
flange  51  is  mounted  on  the  rotating  member  47  of 
the  B-axis  module  for  rotational  movement  about 
the  B-axis  in  a  radially  spaced  relationship  there- 
with.  Figure  6  illustrates  the  B  axis  bottom  and  side 
tool  flange  configuration.  This  configuration  offers 
maximum  flexibility  when  only  the  B-axis  module 
is  being  used.  The  B-axis  module  is  provided  with 
a  side  tool  flange  49  and  a  bottom  tool  flange  51. 
The  side  tool  flange  49  rotates  on  the  B-axis  while 
the  bottom  tool  flange  rotates  in  a  radially  spaced 
relationship  with  the  B-axis.  In  the  configurations 
shown  in  Figures  4,  5  and  6  it  is  to  be  appreciated 
that  the  B-axis  module  mounting  plate  43  isfixedly 
secured  to  the  mounting  bracket  21  which  is  in  turn 
fixedly  secured  to  the  end  of  the  robotic  arm.  As  a 
result,  no  rotation  about  what  has  been  described 
as  the  first  or  A-axis  is  permitted  this  module. 
Rotational  movement  is  limited  to  strictly  the  B- 
axis. 

Figures  7,  8  and  9  represent  configurations  in 
which  both  the  A-axis  module  and  B-axis  module 
are  simultaneously  utilized.  In  Figure  7  the  mount- 
ing  bracket  21  supports  the  A-axis  module  27  onto 
which  is  rotatably  mounted  the  rotating  member 
31  .  The  B-axis  module  is  in  turn  mounted  onto  the 
rotating  member  31  of  the  A-axis  module  by  the 
mounting  plate  43  of  the  B-axis  module  housing 
41.  The  rotating  member  47  of  the  B-axis  module 
39  is  provided  with  a  side  tool  flange  49.  This  A- 
and  B-axis  side  tool  flange  configuration  permits 
the  manipulation  of  an  end  effector  secured  to  the 
side  tool  flange  49  in  both  the  A-axis  and  the  B- 
axis.  Thus  two  full  degrees  of  freedom  are  pro- 
vided  by  the  robotic  wrist  of  this  invention.  The  A- 
and  B-axis  bottom  tool  flange  configuration  is 
shown  in  Figure  8.  Here  again,  the  A-axis  module 
permits  rotational  movement  relative  to  the 
mounting  bracket  21  which  is  fixedly  attached  to 
the  end  of  a  robotic  arm  and  the  B-axis  module  39 
permits  rotational  movement  along  the  B  axis  f 
which  is  substantially  perpendicular  to  the  A  axis. 
The  bottom  tool  flange  51  thus  permits  radially 
spaced  rotational  movement  about  the  B-axis. 
Figure  9  illustrates  the  A-  and  B-axis  bottom  and 
side  tool  flange  configuration  which  offers  maxi- 
mum  flexibility  with  the  modular  wrist  system  of 
this  invention.  The  mounting  bracket  21  secured  to 
the  end  of  robotic  arm  has  an  A-axis  module 
mounted  thereon  and  the  B-axis  module  is 
secured  to  the  rotating  member  of  the  A-axis 
module.  This  configuration  allows  the  B-axis  mod- 
ule  to  be  rotated  about  the  A-axis  module  while 
retaining  its  own  capability  to  provide  rotational 
movement  about  the  B  axis. 

The  sectional  illustration  of  Figure  10  illustrates 
both  the  mounting  bracket  21  and  the  A  axis 
module  27  which  is  operably  mounted  onto  the 



EP  0  164  210  B1 8 

positioning  force  resulting  from  the  windup  of  the 
harmonic  drive  unit.  The  critical  selection  of 
bearing  preload  and  friction  maintains  the  system 
accuracy  and  repeatability  with  minimum  joint 

5  deflection. 
The  harmonic  drive  unit  55  is  immersed  in  an 

oil  bath  79.  The  flexing  motion  of  the  flexible 
spline  65  effectively  "pumps"  the  oil  through  the 
apertures  81,  the  bearings  69  and  71  and  the 

w  passage  83  in  the  fixed  and  movable  housing  in 
order  to  develop  an  oil  circulation  path  as  indi- 
cated  by  the  arrows  in  Figure  10.  The  oil  circula- 
tion  removes  heat  from  the  oil  and  prevents 
undesired  pressure  buildup  in  the  harmonic  drive 

15  unit. 
A  sectional  illustration  of  a  B  axis  module  is 

shown  in  Figure  11  and  includes  a  closed  loop  DC 
servo  drive  arrangement  and  a  harmonic  drive 
unit.  The  DC  servo  drive  arrangement  includes  a 

20  DC  drive  motor  157  and  a  resolver  159.  A 
tachometer  which  is  not  illustrated  herein  can  be 
provided  for  speed  feedback  information.  The 
resolver  159  provides  positional  feedback  infor- 
mation.  The  resolver  can  be  positioned  on  the 

25  output  shaft  in  place  of  a  side  tool  flange  or  it  can 
be  positioned  on  the  motor  shaft  as  illustrated 
herein.  The  harmonic  drive  unit  functions  as  a 
gear  reduction  unit  to  provide  a  100  to  1  reduc- 
tion.  As  previously  noted,  commercially  available 

30  harmonic  drive  units  well  suited  for  use  in  the 
present  invention  are  available. 

The  harmonic  drive  unit  155  which  consists  of  a 
wave  generator  161,  a  circular  spline  163  and  a 
flexible  spline  165  is  secured  within  the  rotating 

35  member  47  which  functions  as  a  167  torque  tube. 
The  torque  tube  is  rotatably  retained  within  the  B 
axis  housing  41  by  the  bearing  set  comprised  of 
preloaded  bearings  169  and  171.  The  outer  race  of 
each  of  the  bearings  169  and  171  is  affixed  to  the 

40  B  axis  housing  41.  The  inner  race  of  the  bearing 
171  is  secured  to  the  torque  tube  167  while  the 
inner  race  of  bearing  169  is  allowed  to  float 
axially.  The  use  of  preloaded  bearings  assures  a 
uniform  bearing  friction  by  preventing  unau- 

45  thorized  access  to  the  preload  characteristics  of 
the  bearings  169  and  171. 

A  motor  shaft  which  is  connected  to  the  wave 
generator  161  by  a  rigid  or  fixed  coupling.  The 
operation  of  the  harmonic  drive  unit  is  described 

so  in  conjunction  with  the  A  module  of  Figure  10  and 
will  not  be  repeated  herein. 

The  harmonic  drive  unit  of  the  B  axis  module 
includes  an  oil  bath  179  which  is  maintained  at  a 
predetermined  fill  level.  The  flexing  motion  of  the 

55  flexible  spline  163  effectively  "churns"  the  oil 
through  the  harmonic  drive  unit.  This  oil  circula- 
tion  removes  heat  from  the  oil  bath  and  prevents 
undesired  pressure  buildup  within  the  harmonic 
drive  unit. 

60  As  can  be  more  clearly  seen  in  Figure  11  the 
side  mounting  tool  flange  49  is  fixedly  attached  to 
the  rotating  member  47  (torque  tube  167)  of  the  B 
axis  module.  Additionally,  this  sectional  view  of 
the  B  axis  module  includes  the  bottom  tool  flange 

65  51.  It  is  to  be  appreciated  of  course  that  when  the 

mounting  bracket.  The  mounting  bracket  pro- 
vides  the  structural  support  necessary  to  house 
the  drive  means  33  of  the  A  axis  module  and  also 
provides  the  securing  means  23  located  at  the 
upper  portion  thereof  by  which  the  module  is 
fixedly  attached  to  a  robot  arm.  The  A  axis 
module  27  consists  of  a  closed  loop  DC  servo 
drive  arrangement  53  and  a  harmonic  drive  unit 
55.  The  DC  servo  drive  arrangement  53  includes  a 
DC  drive  motor  57  and  a  resolver  52.  Additionally, 
if  desired,  a  tachometer,  which  is  not  illustrated 
herein,  can  also  be  coupled  to,  or  an  integral  part 
of,  the  DC  servo  drive  motor  to  provide  speed 
feedback  information  for  the  control  of  the  wrist. 
The  resolver  59  provides  positional  feedback 
information  to  a  control  console  associated  with 
the  robot  but  not  illustrated  herein.  The  harmonic 
drive  unit  55  which  functions  as  a  gear  reduction 
unit  to  provide  a  100  to  1  reduction,  may  be 
implemented  through  the  use  of  a  harmonic  drive 
unit  which  is  commercially  available  from  the 
USM  corporation. 

The  harmonic  drive  unit  55  consisting  of  a  wave 
generator  61  is  a  circular  spline  63,  and  a  flexible 
spline  65  is  secured  within  the  torque  tube  67.  The 
torque  tube  67  is  rotatably  retained  by  the  bearing 
set  comprised  of  preloaded  bearings  69  and  71. 
The  outer  race  of  each  of  the  bearings  69  and  71  is 
affixed  to  the  rotating  member  31  and  the  inner 
race  of  each  bearing  is  affixed  to  the  torque  tube 
67.  The  use  of  preloaded  bearings  assures  a 
uniform  bearing  friction  by  preventing  unau- 
thorized  access  to  the  preload  characteristics  of 
the  bearings  69  and  71.  The  rotating  member  31  is 
attached  to  the  flexible  spline  65  by  means  of  the 
bolts  73. 

The  motor  shaft  is  directly  coupled  to  the  wave 
generator  61  by  the  rigid  or  fixed  coupling  75.  The 
direct  mechanical  connection  between  the  har- 
monic  drive  unit  and  the  drive  shaft  provided  by 
the  rigid  coupling  eliminates  backlash  and  main- 
tains  the  repeatability  and  accuracy  of  the  rotating 
positioning  action  of  the  assembly. 

The  circular  spline  63  is  attached  to  the  fixed 
housing  29  and  the  flexible  spline  65  is  attached 
to  the  rotating  housing  31.  The  circular  spline  63 
is  tightened  into  place  so  that  relative  motion 
between  the  circular  spline  63  and  the  fixed 
housing  is  essentially  eliminated.  As  the  rotating 
member  31  rotates,  the  flexible  spline  65  func- 
tions  as  a  spring  member.  When  the  rotating 
member  31  is  rotated  into  its  prescribed  position, 
the  spring  action  of  the  flexible  spline  65  tends  to 
return  the  assembly  to  its  original  position.  This 
"unwinding"  action  is  balanced  by  the  force  of 
friction  developed  by  the  bearing  set  of  bearings 
69  and  71. 

While  the  combination  of  the  rotating 
assembly,  the  harmonic  drive  unit,  the  movable 
housing,  motor  shaft  and  fixed  coupling  establish 
the  spring  rate  of  the  apparatus,  the  stiff  design  of 
all  but  the  harmonic  drive  unit  results  in  the 
harmonic  drive  unit  being  the  major  contributor 
to  the  spring  rate.  The  frictional  force  of  the 
preloaded  bearings  is  selected  to  be  less  than  the 
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bottom  tool  flange  is  utilized,  the  rotational  move- 
ment  of  the  bottom  tool  flange  is  restricted  to 
about  220  degrees  of  travel  about  the  B  axis.  On 
the  other  hand,  when  only  the  side  tool  flange  49 
is  used  on  the  B  axis  unlimited  rotation  about  the 
B  axis  of  an  end  effector  mounted  onto  the  side 
tool  flange  is  possible. 

What  has  been  described  is  a  modular  multi- 
flange  robotic  wrist  which  provides  one  or  two 
independent  electro-servo-controlled  degrees  of 
freedom  to  enhance  the  basic  motions  of  an 
industrial  manipulator.  The  unique  construction, 
including  dual  tool-mounting  flange  drives,  pro- 
vides  the  capability  to  turn  a  part  upside  down 
with  the  axis  of  rotation  of  the  part  coincident 
with  either  axis  of  rotation  of  the  wrist.  This 
feature  eliminates  the  need  for  a  three-axis  wrist 
in  the  majority  of  robotic  applications. 
Additionally,  the  use  of  high-speed,  low-torque 
DC  motors  coupled  to  harmonic  drive  speed 
reduction  units  optimizes  the  output  torque  to 
unit  weight  ratio.  The  use  of  position  feedback 
sources  on  the  B  axis  permit  the  matching  of  wrist 
performance  to  application  requirements.  When 
position  feedback  is  taken  directly  off  the  motor 
shaft  maximum  stability  is  available  when 
accelerating  high  inertia  loads  in  material 
handling  applications.  The  modular  construction 
and  preloaded  bearings  provide  extreme  struc- 
tural  rigidity.  When  position  feedback  is  taken 
directly  from  the  output  shaft,  the  deflection 
effects  due  to  drive  train  windup  when  external 
forces  are  applied  perpendicular  to  the  axis  of 
rotation  are  minimized. 

Claims 

1.  A  modular  robotic  wrist  system  for  use  with 
an  industrial  manipulator  or  the  like  comprising: 

a  mounting  bracket  (21)  defining  a  chamber-like 
interior  (35)  and  having  first  means  (23)  at  one 
end  thereof  for  attaching  said  mounting  bracket 
onto  an  arm  of  an  industrial  manipulator,  and 
having  second  means  (25)  at  the  opposite  end 
thereof  for  removably  securing  thereto  an  A  axis 
wrist  module  (27); 

said  A  axis  wrist  module  with  a  first  axis  of 
rotation  (A),  which  provides  a  first  degree  of 
freedom  comprising  a  mounting  plate  (29)  having 
means  therewith  for  the  detachable  mounting  of 
said  A  axis  module  to  said  mounting  bracket 
second  means  (25),  a  first  rotating  member  (31) 
rotatably  mounted  on  said  mounting  plate  which 
first  rotating  member  includes  a  bottom  portion 
onto  which  a  B  axis  module  (39)  is  mounted,  and 
first  servo  controlled  drive  means  (33)  in  mechan- 
ical  communication  therewith  for  effecting  the 
rotational  movement  of  said  rotating  member 
(31)  relative  to  said  mounting  plate  about  said 
first  axis  of  rotation  (A)  which  first  axis  is 
generally  parallel  with  the  arm  of  the  robot  onto 
which  said  mounting  bracket  and  said  A  axis  wrist 
are  mounted  and  wherein  said  first  drive  means  is 
enclosed  within  said  chamber-like  interior  of  said 
mounting  bracket;  and 

said  B  axis  wrist  module  (39)  with  a  second  axis 
of  rotation  which  provides  a  second  degree  of 
freedom  which  is  generally  perpendicular  to  said 
first  degree  of  freedom  comprising  a  housing  (41  ) 

5  having  a  mounting  plate  (43)  for  the  detachable 
mounting  thereof  to  said  bottom  portion  of  said  A 
axis  wrist  module,  a  second  rotating  member  (47) 
rotatably  mounted  in  said  housing  and  second 
servo  controlled  drive  means  (45)  disposed  in 

10  said  housing  and  in  mechanical  communication 
with  said  second  rotating  member  for  effecting 
the  rotational  movement  thereof  relative  to  said 
housing  about  said  second  axis  (B)  of  rotation, 
said  second  axis  being  substantially  perpendicu- 

15  lar  to  said  first  axis  of  rotation  and  said  B  axis 
wrist  mounting  plate  (43)  and  wherein  said 
second  rotating  member  includes  a  first  and  a 
second  mounting  flange  (49,  51)  which  detach- 
ably  receives  an  end  effector  or  the  like  thereon, 

20  said  first  mounting  flange  (49)  being  mounted  on 
said  rotating  member  for  radially  spaced  rotation 
about  said  second  axis  and  said  second  mounting 
flange  being  mounted  on  said  second  rotating 
member  (51)  for  rotation  on  said  axis. 

25  2.  The  modular  robotic  wrist  system  according 
to  claim  1  wherein  the  first  servo  controlled  drive 
means  (33)  associated  with  the  A  axis  wrist 
module  includes  a  DC  servo  drive  motor  (53). 

3.  The  modular  robotic  wrist  system  according 
30  to  claim  2  wherein  the  first  servo  controlled  drive 

means  includes  a  harmonic  drive  unit  (55)  driven 
by  the  DC  servo  drive  motor. 

4.  The  modular  robotic  wrist  system  according 
to  claim  3  wherein  the  first  servo  controlled  drive 

35  means  includes  a  means  (52)  associated  with  the 
DC  servo  drive  motor  to  provide  positional  infor- 
mation. 

5.  The  modular  robotic  wrist  system  according 
to  claim  1  wherein  the  second  servo  controlled 

40  drive  means  operably  associated  with  the  B  axis 
wrist  module  includes  a  DC  servo  drive  motor 
(157). 

6.  The  modular  robotic  wrist  system  according 
to  claim  5  wherein  the  second  servo  controlled 

45  drive  means  includes  a  harmonic  drive  unit  (161, 
163,  165)  driven  by  the  DC  servo  motor. 

7.  The  modular  robotic  wrist  system  according 
to  claim  5  wherein  the  second  servo  controlled 
drive  means  includes  a  means  (159)  operably 

so  associated  therewith  to  provide  positional  infor- 
mation. 

Patentanspriiche 

55  1.  Ein  modulares  Roboterhandgelenksystem 
zurVerwendung  miteinem  industriellen  Manipu- 
lator  oder  dgl.,  bestehend  aus: 

einem  Montagebiigel  (21),  der  ein  kammerarti- 
ges  Innerers  (35)  definiert  und  der  erste  Einrich- 

60  tungen  (23)  an  einen  Ende  davon  aufweist,  urn 
den  Montagebiigel  auf  einen  Arm  eines  indu- 
striellen  Manipulators  zu  montieren,  und  der 
zweite  Einrichtungen  (25)  am  entgegengesetzten 
Ende  davon  aufweist,  urn  daran  ein  A-Achsen- 

65  Handgelenk-Modul  (27)  entfernbar  zu  befestigen; 
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erte  Antriebseinrichtung,  die  betriebsmalSig  mit 
dem  B-Achsen-Handgelenk-Modul  verknupft  ist, 
einen  Gleichstromservoantriebsmotor  (157)  ein- 
schliefSt. 

6.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  5,  wobei  die  zweite  servogesteu- 
erte  Antriebseinrichtung  einen  harmonischen 
Antrieb  (161,  163,  165)  einschliefc,  angetrieben 
durch  den  Gleichstromservomotor. 

7.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  5,  wobei  die  zweite  servogesteu- 
erte  Antriebseinrichtung  Mittel  (15a)  umfafSt,  die 
damit  betriebsmaBig  verbunden  sind,  um  eine 
Positionsinformation  zu  liefern. 

Revendications 

wobei  das  A-Achsen-Handgelenk-Modul  mit 
einer  ersten  Drehachse  (A),  die  einen  ersten  Frei- 
heitsgrad  liefert,  eine  Montageplatte  (29),  die 
dazu  Einrichtungen  aufweist,  um  das  A-Achsen- 
Modul  an  die  zweiten  Einrichtungen  (25)  des 
Montagebiigels  entfernbar  zu  montieren,  ein 
erstes  rotierendes  Glied  (31),  das  an  der  Montage- 
platte  drehbar  montiert  ist,  welches  erste  rotie- 
rende  Glied  einen  Bodenteil  einschlielSt,  auf  das 
ein  B-Achsen-Modul  (39)  montiert  ist,  und  eine 
erste  servogesteuerte  Antriebseinrichtung  (33)  in 
mechanischer  Verbindung  dazu,  um  die  Drehbe- 
wegung  des  rotierenden  Gliedes  (31)  relativ  zu 
der  Montageplatte  um  die  erste  Drehachse  (A)  zu 
bewirken,  umfaBt,  welche  erste  Achse  im  wesent- 
lichen  parallel  ist  zu  dem  Arm  des  Roboters,  auf 
den  der  Montagebiigel  und  das  A-Achsen-Hand- 
gelenk  montiert  sind  und  worin  die  erste 
Antriebseinrichtung  innerhalb  des  kammerarti- 
gen  Inneren  des  Montagebugels  eingeschlossen 
ist;  und  wobei 

das  B-Achsen-Handgelenk-Modul  (39)  mit  einer 
zweiten  Drehachse,  die  einen  zweiten  Freiheits- 
grad  liefert,  der  im  wesentlichen  senkrecht  zu 
dem  ersten  Freiheitsgrad  ist,  ein  Gehause  (41), 
welches  eine  Montageplatte  (43)  aufweist,  um 
dieses  an  dem  Bodenteil  des  A-Achsen-Handge- 
lenk-Moduls  abnehmbar  zu  montieren,  ein  zwei- 
tes  rotierendes  Glied  (47),  das  in  dem  Gehause 
drehbar  montiert  ist,  und  zweite  servogesteuerte 
Antriebseinrichtungen  (45)  umfalSt,  die  in  dem 
Gehause  angeordnet  sind  und  mit  dem  zweiten 
rotierenden  Glied  in  mechanischer  Verbindung 
stehen,  um  die  Drehbewegung  davon  relativ  zu 
dem  Gehause  um  die  zweite  Drehachse  (B)  zu 
bewirken,  wobei  die  zweite  Achse  im  wesent- 
lichen  senkrecht  ist  zu  der  ersten  Drehachse  und 
der  B-Achsen-Handgelenk-Montageplatte  (43), 
und  wobei  das  zweite  rotierende  Gleid  einen 
ersten  und  einen  zweiten  Montageflansch  (49,  51) 
einschliefct,  der  einen  Endeffektor  oder  dgl.  daran 
entfernbar  aufnimmt,  wobei  der  erste  Montage- 
flansch  (41)  auf  dem  rotierenden  Glied  zur  Dre- 
hung  radial  im  Abstand  um  die  zweite  Achse 
angeordnet  ist  und  der  zweite  Montageflansch 
auf  dem  zweiten  rotierenden  Glied  (51)  zur  Dre- 
hung  um  die  Achse  montiert  ist. 

2.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  1,  wobei  die  erste  servogesteuerte 
Antriebseinrichtung  (33),  die  mit  dem  A-Achsen- 
Handgelenk-Modul  verknupft  ist,  einen  Gleich- 
stromservoantriebsmotor  (53)  umfalSt. 

3.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  2,  wobei  die  erste  servogesteuerte 
Antriebseinrichtung  eine  harmonische  Antriebs- 
einheit  (55)  umfaBt,  angetrieben  durch  den 
Gleichstromservoantriebsmotor. 

4.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  3,  wobei  die  erste  servogesteuerte 
Antriebseinrichtung  Einrichtungen  (52)  umfaBt, 
die  mit  dem  Gleichstromservoantriebsmotor  ver- 
knupft  sind,  um  eine  Positionsinformation  zu 
liefern. 

5.  Das  modulare  Roboterhandgelenksystem 
nach  Anspruch  1,  wobei  die  zweite  servogesteu- 

10 

15 

1.  Systeme  de  poignet  de  robot  modulaire 
destine  a  etre  utilise  avec  un  manipulateur  indus- 

20  triel  ou  analogue,  comprenant: 
un  support  de  monture  (21)  definissant  une 

partie  interieure  en  forme  de  chambre  (35)  et 
comportant  des  premiers  moyens  (23)  a  I'extre- 
mite  de  celui-ci  pour  fixer  ce  support  de  monture 

25  sur  un  bras  d'un  manipulateur  industriel,  et  des 
seconds  moyens  (25)  a  I'extremite  opposee  a 
celui-ci  pour  fixer  de  maniere  amovible  sur  celui- 
ci  un  module  de  poignet  d'axe  A  (27); 

de  module  de  poignet  d'axe  A,  muni  d'un 
30  premier  axe  de  rotation  a  commande  asservie 

(17)  fournissant  un  premier  degre  de  liberte, 
comprenant  une  plaque  de  monture  (21)  munie 
de  moyens  associes  a  cele-ci  pour  qu'on  puisse 
monter  et  demonter  le  module  d'axe  A  sur  les 

35  seconds  moyens  de  support  de  monture  (25),  un 
premier  element  rotatif  (31)  monte  en  rotation  sur 
la  plaque  de  monture  de  fagon  que  ce  premier 
element  rotatif  comprenne  une  partie  de  fond  sur 
laquelle  est  monte  un  module  d'axe  B  (39),  et  des 

40  premiers  moyens  d'entra?nement  a  commande 
asservie  (33)  en  liaison  mecanique  avec  celle-ci 
pour  produire  le  mouvement  de  rotation  de  I'ele- 
ment  rotatif  (31)  par  rapport  a  la  plaque  de 
monture  autour  du  premier  axe  de  rotation  (17), 

45  ce  premier  axe  etant  generalement  parallele  au 
bras  du  robot  sur  lequel  sont  montes  le  support 
de  monture  et  le  poignet  d'axe  A,  et  dans  lequel 
les  premiers  moysns  d'entratnement  sont  loges 
dans  la  partie  interieure  en  forme  de  chambre  du 

so  support  de  monture;  et 
le  module  de  poignet  d'axe  B  (39)  muni  d'un 

second  axe  de  rotation  fournissant  un  second 
degre  de  liberte  generaiement  perpendiculaire  au 
premier  degre  de  liberte,  comprenant  un  carter 

55  (41)  muni  d'une  plaque  de  monture  (43)  pour 
qu'on  puisse  monter  et  demonter  celui-ci  sur  la 
partie  de  fond  du  module  de  poignet  d'axe  A,  un 
second  element  rotatif  (47)  monte  en  rotation 
dans  ce  carter  et  des  seconds  moyens  d'entratne- 

60  ment  a  commande  asservie  (45)  disposes  dans  le 
carter  et  en  liaison  mecanique  avec  le  second 
element  rotatif  pour  produire  le  mouvement  de 
rotation  de  celui-ci  par  rapport  au  carter,  autour 
du  second  axe  de  rotation  (B),  ce  second  axe  etant 

65  parfaitement  perpendiculaire  au  premier  axe  de 
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rotation  et  a  la  plaque  de  monture  de  poignet 
d'axe  B  (43),  et  le  second  element  rotatif  compre- 
nant  une  premiere  bride  et  une  seconde  bride  de 
monture  (49,  51)  sur  lesquelles  se  monte  un 
organe  de  manoeuvre  d'extremite  ou  analogue,  la 
premiere  bride  de  monture  (49)  etant  montee  sur 
I'element  rotatif  pour  permettre  une  rotation 
radialement  espacee  autour  du  second  axe,  et  la 
seconde  bride  de  monture  etant  montee  sur  le 
second  element  rotatif  (51)  pour  permettre  une 
rotation  sur  I'axe. 

2.  Systeme  de  poignet  de  robot  modulaire 
selon  la  revendication  1,  caracterise  en  ce  que  les 
premiers  moyens  d'entratnement  a  commande 
asservie  (33)  associes  au  module  de  poignet  d'axe 
A,  sont  constitues  par  un  moteur  d'entramement 
asservi  a  courant  continu  (53). 

3.  Systeme  de  poignet  de  robot  modulaire 
selon  la  revendication  2,  caracterise  en  ce  que  ies 
premiers  moyens  d'entratnement  a  commande 
asservie  comprennent  un  bloc  d'entratnement 
harmonique  (55)  entratne  par  le  moteur  d'entrat- 
nement  asservi  a  courant  continu. 

4.  Systeme  de  poignet  de  robot  modulaire 

selon  la  revendication  3,  caracterise  en  ce  que  les 
premiers  moyens  d'entrainement  a  commande 
asservie  comprennent  des  moyens  (52)  associes 
au  moteur  d'entratnement  asservi  a  courant 
continu  pourfournir  une  information  de  position. 

5.  Systeme  de  poignet  de  robot  modulaire 
selon  la  revendication  1,  caracterise  en  ce  que  les 
seconds  moyens  d'entratnement  a  commande 
asservie  associes  en  fonctionnement  au  module 
de  poignet  d'axe  B,  comprennent  un  moteur 
d'entratnement  asservi  a  courant  continu  (157). 

6.  Systeme  de  poignet  de  robot  modulaire 
selon  la  revendication  5,  caracterise  en  ce  que  les 
seconds  moyens  d'entratnement  a  commande 
asservie  comprennent  un  bloc  d'entratnement 
harmonique  (161,  163,  165)  entratne  par  le  moteur 
asservi  a  courant  continu. 

7.  Systeme  de  poignet  de  robot  modulaire 
selon  la  revendication  5,  caracterise  en  ce  que  les 
seconds  moyens  d'entratnement  a  commande 
asservie  comprennent  des  moyens  (159)  associes 
en  fonctionnement  a  ceux-ci  pour  fournir  une 
information  de  position. 
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