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the  bar  intermediate  the  mounted  end  and  a  distal 
end.  An  angle  transducer  mounted  on  the  shaft 
adjacent  the  exercising  bar  coupling  senses  the 
angular  position  of  the  bar  and  hydraulic  fluid 

5  pressure  in  the  cylinder  is  used  to  calculate  force 
applied  to  the  bar  by  a  user.  A  valve  connected  to 
the  cylinder  adjusts  the  resistance  which  a  user 
must  overcome.  A  micro  computer  in  response  to 
angle  and  fluid  pressure  signals  controls  cylinder 

10  pressure  in  accordance  with  a  selected  exercise 
program. 

The  accuracy  of  the  user  applied  force  calcula- 
tion  depends  not  only  on  the  accuracy  of  the 
hydraulic  fluid  pressure  measurement  but  also 

75  accuracy  of  the  ratio  of  a  first  distance  from  the 
axis  of  the  shaft  about  which  the  bar  is  rotatable 
to  the  line  of  applied  force  divided  by  a  second 
distance  from  the  axis  of  the  aforesaid  shaft  to  the 
point  where  the  line  of  action  of  the  cylinder 

20  intersects  the  line  of  action  along  the  length  of  the 
bar  in  addition  to  the  line  of  the  angle  between  the 
cylinder  axis  and  the  line  of  action  of  the  bar. 
Clearly  as  the  bar  is  raised  or  lowered,  said  angle 
changes  as  does  the  second  distance.  Any  error  in 

25  the  angle  or  in  the  second  distance  is  magnified 
by  the  ratio  of  the  first  distance  to  the  second 
distance  which  is  greater  than  unity.  Moreover,  a 
variation  in  the  second  distance  can  be  caused  by 
the  variation  in  the  location  at  which  the  user 

30  grips  the  bar  if  the  handle  grips  of  bar  are  not 
precisely  transverse  to  the  bar.  In  addition,  the 
weight  of  the  bar  must  be  accurately  compen- 
sated  for  depending  on  whether  the  user  lifts  the 
bar  or  lowers  it  and  on  the  position  of  the  bar. 

35  Finally,  the  accuracy  of  the  measurement  of  angle 
(0)  also  depends  on  this  amount  of  backlash  due 
to  the  cylinder  link  connections  which  can  be  very 
significant  for  applications  requiring  high 
accuracy.  The  need  to  compensate  for  each  of  the 

40  above  errors  requires  significantly  greater  com- 
puting  power  than  would  otherwise  be  the  case. 
In  general,  accurate  compensation  for  such  a 
large  number  of  sources  of  inaccuracy  is  difficult 
if  not  impossible. 

45  A  second  problem  with  the  above  device  shown 
in  GB—  A—  2086738  is  due  to  its  lack  of  flexibility 
in  requiring  a  variety  of  different  bars  to 
accommodate  different  exercises. 

Finally,  a  further  disadvantage  to  this  device 
so  resides  in  its  capability  of  providing  only  for 

concentric  contractions  of  the  muscles  in  which 
the  user  applies  force  to  the  bar  and  not  eccentric 
contractions  of  the  muscles  in  which  the  user 
resists  force  applied  by  the  bar. 

55  The  invention  as  claimed  is  intended  to  remedy 
these  drawbacks.  It  solves  the  problem  of  provid- 
ing  a  high  degree  of  accuracy  and  little  need  for 
compensation  of  inherent  inaccuracies  by  utiliz- 
ing  a  rotary  actuator  rather  than  a  linear  actuator 

60  such  as  a  piston-cylinder  acting  on  a  rotatably 
mounted  bar  by  providing  an  in-line  transfer  of 
force  directly  to  the  exercising  member.  It  further 
enhances  accuracy  by  utilizing  a  load  cell  to 
measure  user  applied  force  directly  at  the  point  of 

65  application  of  such  force,  namely,  at  the  exercis- 

Description 

The  present  invention  relates  to  a  multi-mode 
exercising  apparatus  for  providing  exercise  in 
isometric,  isotonic,  isokinetic  and  constant  power 
modes. 

In  isometric  exercises  the  rate  of  angular 
change  or  velocity  of  the  limb  is  zero,  while  the 
force  can  be  in  either  of  two  directions.  In  an 
isotonic  mode  the  load  or  resistive  force  has  a 
constant  value  while  the  velocity  varies.  In  an 
isokinetic  mode  the  force  is  allowed  to  vary  to 
match  the  user's  force  in  such  a  way  that  the 
velocity  is  kept  constant.  Finally,  in  a  constant 
power  mode  both  velocity  and  force  are  allowed 
to  vary  such  that  their  product  is  kept  constant.  In 

any  of  the  latter  three  modes  a  muscle  may 
undergo  either  a  concentric  contraction  in  which 
the  muscle  is  developing  force  while  it  is  shorten- 
ing  in  length,  or  an  eccentric  contraction  in  which 
the  muscle  is  developing  force  while  it  is  increas- 
ing  in  length.  By  way  of  example,  in  a  concentric 
stroke  the  user  moves  the  arm  or  limb  of  the 
exercising  machine  while  in  an  eccentric  stroke 
the  arm  attempts  to  move  the  limb  of  the  user. 

Exercise  apparatus  exist  which  provide  a  con- 
stant  force  load  by  means  of  weighted  plates  or 
springs  over  the  whole  range  of  movement  of  the 
limb.  Since  the  muscle  is  generally  strongest  over 
a  relatively  narrow  range  of  such  movement, 
fixed  load  or  constant  force  devices  do  not  opti- 
mally  load  a  muscle  through  its  entire  range  of 
movement.  A  device  which  does  load  a  muscle  on 
an  approximate  constant  velocity  basis  is  dis- 
closed  in  US—  A—  3,465,592  issued  to  Perrine  on  9 
September  1969.  The  Perine  device  emplys  a 
hydraulic  piston-cylinder  in  combination  with  a 
constant  flow  valve  and  an  associated  valving 
system  to  provide  a  constant  flow  through  one 
side  or  the  other  of  the  hydraulic  piston-cylinder. 
A  pressure  valve  measuring  fluid  pressure  is  used 
to  measure  user  applied  force.  Perrine  also  dis- 
closes  an  alternative  embodiment  employing  an 
electric  motor  and  a  gearing  system  and  clutches 
to  couple  user  torque  to  worm  gear  being  rotated 
by  the  motor  at  a  constant  velocity.  The  latter 
device  is  restricted  to  either  an  isometric  or  an 
approximate  constant  velocity  mode  and  to  exer- 
cising  concentric  muscular  contractions.  More- 
over,  the  Perrine  device  does  not  include  in  its 
measurement  of  the  force  the  weight  of  the 
handle  and  arm  linkage  or  resistance  caused  by 
friction. 

US—  A—  3784194  discloses  the  use  of  a  fluid 
operated  actuator  in  combination  with  a  system 
of  overlapping  valve  holes  for  setting  the  rate  of 
fluid  flow  and  consequent  velocity.  The  latter 
device  again  is  restricted  to  an  approximate  con- 
stant  velocity  mode  and  is  subject  to  the  other 
limitations  expressed  in  connection  with  the 
above  mentioned  earlier  Perrine  patent. 

UK  Patent  Application  GB—  A—  2086738  dis- 
closes  a  programmable  exercising  apparatus 
featuring  an  exercising  bar  rotatably  mounted  on 
a  shaft  with  a  hydraulic  piston-cylinder  coupled  to 
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By  utilizing  a  servo  valve,  a  highly  accurate 
control  of  fluid  flow  into  the  actuator  is  possible 
by  simply  controlling  the  level  of  input  current  to 
the  servo  valve.  The  utilization  of  a  micro- 

5  processor  permits  a  wide  variety  of  modes  of 
operation  of  the  actuator  together  with  the 
implementation  of  a  large  number  of  safety 
checks. 

Preferably  the  angular  position  monitoring 
10  means  is  an  optical  shaft  encoder  for  providing 

signals  indicative  of  angular  velocity,  position  and 
direction  of  rotation  of  the  rotary  actuator.  The 
location  of  the  optical  shaft  encoder  proximate 
the  actuator  shaft  provides  accurate  position 

15  monitoring  means.  Utilization  of  an  optical  shaft 
encoder  further  provides  signals  which  are  com- 
patible  with  a  digital  system. 

Conveniently,  a  dump  valve  can  be  used  for 
shunting  fluid  flow  out  of  the  hydraulic  pump  in 

20  the  event  interruption  of  the  operation  of  the 
exercising  member  is  desired.  Dump  valve  switch 
means  may  be  provided  for  controlling  power 
supply  to  the  dump  valve. 

Means  for  sensing  actuator  fluid  pressure  to 
25  provide  signals  whose  differential  is  proportional 

to  the  external  torque  applied  to  the  actuator  by 
the  member  may  also  be  provided,  as  may  means 
for  sensing  the  application  of  power  to  the  dump 
valve  and  means  for  sensing  the  application  of 

30  power  to  the  motor. 
Manually  operable  override  switch  means  for 

controlling  power  to  the  motor  mens  may  also  be 
used.  The  microprocessor  means  may  be  con- 
ditioned  for  controlling  operation  of  the  dump 

35  valve  switch  means,  controlling  power  applied  to 
the  motor  means  and  for  providing  the  electrical 
signal  of  variable  magnitude  to  the  servo  valve, 
although  the  foregoing  being  in  response  to 
program  means,  input  data  and  calibration  data 

40  stored  in  the  microprocessor,  actuator  fluid 
pressure  levels,  signals  from  the  optical  shaft 
encoder,  signals  from  the  load  cell  means,  motor 
sensing  means,  the  dump  valve  sensing  means 
and  the  condition  of  the  override  switch  means. 

45  The  load  cell  means  may  be  a  deformation  load 
cell  having  two  conductors  whose  deformation 
results  in  a  change  of  resistance  of  each  from 
which  the  component  of  force  applied  in  only  the 
direction  transverse  to  the  member  can  be 

so  obtained. 
The  microprocessor  means  may  be  conditioned 

to  compare  the  signals  from  the  load  cell  means 
and  from  the  actuator  fluid  pressure  sensing 
means  in  order  to  detect  abnormal  applications  of 

55  force  to  the  exercising  member. 
The  exercising  member  referred  to  above  is 

capable  of  operating  in  response  to  instructions 
from  the  computer  and  input  data  in  any  one  of 
four  basic  exercise  modes  through  selectable 

60  angles  of  rotation  and  with  selectable  amounts  of 
force.  The  apparatus  may  also  be  employed  so  as 
to  exercise  either  concentric  muscle  contractions 
or  eccentric  muscle  contractions.  By  sensing  the 
motor  and  dump  valve  power  levels,  actuator 

65  pressure  levels,  and  load  cell  voltage  levels,  a 

ing  member.  Finally,  by  utilizing  a  rotary  actuator 
which  responds  to  differential  pressure  and  a 
servo  valve  capable  of  driving  fluid  into  or  out  of 
the  actuator  in  both  directions,  it  is  possible  to 
provide  for  concentric  contractions  as  well  as 
eccentric  contractions. 

The  advantages  of  the  invention  are  in  the  high 
accuracy  and  fast  response  time  achieved  by 
avoiding  the  need  to  compensate  for  a  variety  of 
sources  of  error  most  of  which  vary  throughout 
an  exercise.  Thus,  a  smaller,  less  expensive  com- 
puter  or  microprocessor  can  be  used.  Such  a 
machine  is  also  applicable  for  research  purposes 
and  rehabilitation  requiring  accurate,  varied  exer- 
cising  of  selected  muscles  including  concentric  as 
well  as  eccentric  muscle  contractions. 

According  to  the  invention  there  is  provided  a 
multi-mode  exercising  apparatus  comprising  an 
exercising  member,  hydraulic  means  coupled  to 
said  exercising  member  for  controlling  its  move- 
ment,  load  cell  means  coupled  to  said  exercising 
member  for  detecting  the  magnitude  of  a  force 
applied  to  said  exercising  member  and  providing 
an  output  signal  which  is  proportional  to  said 
force,  position  monitoring  means  for  detecting 
the  position  of  said  exercising  member  and  pro- 
viding  an  output  signal  which  is  representative  of 
the  position  of  said  exercising  member,  and 
microprocessor  means  for  receiving  said  output 
signals  of  said  load  cell  means  and  said  position 
monitoring  means  and  for  delivering  an  input- 
signal  to  said  hydraulic  means  in  accordance  with 
a  predetermined  control  program  so  as  to  control 
said  hydraulic  means  and  thus  the  movement  of 
said  exercising  member,  characterized  in  that  said 
hydraulic  means  comprises  a  rotary  actuator 
which  is  adapted  to  be  driven  in  opposite  rota- 
tional  directions,  hydraulic  pump  means,  motor 
means  for  driving  the  pump  means,  a  fluid  reser- 
voir  coupled  to  said  pump  means,  and  servo 
valve  means  for  controlling  flow  in  each  direction 
through  said  rotary  actuator,  in  that  said  position 
monitoring  means  comprises  means  for  monitor- 
ing  the  angular  position  of  said  rotary  actuator,  in 
that  said  input  signal  from  said  microprocessor 
means  is  delivered  to  said  servo  valve  means  to 
control  the  rotational  direction  and  speed  of 
movement  of  said  exercising  member,  in  that  said 
exercising  member  comprising  an  arm  extending 
radially  from  the  rotational  axis  of  said  rotary 
actuator,  and  a  user  engageable  handle  mounted 
at  the  radially  outer  end  of  said  arm,  and  in  that 
said  load  cell  means  is  positioned  immediately 
adjacent  said  user  engageable  handle. 

GB—  A—  2  086  738A  discloses  an  exercising 
apparatus  having  all  the  features  of  the  pre- 
characterising  clause  of  claim  1. 

Location  of  the  load  cell  means  proximate  the 
point  of  application  of  force  to  the  exercising 
member  results  in  a  signal  which  is  proportional 
to  the  actual  magnitude  of  user  applied  force  to 
the  member,  thereby  avoiding  inaccuracies 
involved  in  compensating  for  the  weight  of  the 
exercising  member  when  force  readings  are  taken 
remote  from  the  location  of  user  applied  force. 
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Cable  38  has  four  wires  which  carry  electrical 
signals  from  the  load  cell  26.  Load  cell  26  is  a 
standard  unit  commercially  available  from  a 
number  of  manufacturers. 

5  One  side  of  the  actuator  assembly  12  is  shown  in 
Figure  3  with  the  cover  removed.  At  the  upper  end 
of  the  assembly  1  2  is  the  actuator  65  having  a  shaft 
60  at  each  end  and  a  gear  pulley  59  affixed  thereto. 
The  gear  pulley  59  is,  in  turn,  affixed  to  a  cam  61 

10  having  a  lower  step  67  extending  radially  approxi- 
mately  40°  and  an  upper  step  69  slightly  further 
removed  from  the  centre  of  the  actuator  arm,  also 
subtending  an  angle  of  approximately  40°  from  the 
centre  of  the  actuator  arm.  Three  microswitches 

is  62,  63  and  64  are  positioned  around  the  shaft  60 
and  are  operated  by  cam  61  upon  rotation  of  the 
shift  60  to  predetermined  angular  positions.  The 
limit  switch  63  is  located  intermediate  limit 
switches  62  and  64.  Limit  switches  62  and  64  are 

20  spaced  so  that  they  are  operated  by  an  angular 
sweep  of  the  actuator  of  265°. 

Limit  switch  62  is  operated  by  contact  upon 
clockwise  rotation  by  the  upper  step  69  of  the  cam 
61  while  limit  switch  64  is  operated  by  contact  with 

25  the  upper  step  69  upon  counter-clockwise  rotation 
of  the  cam  61.  The  central  limit  switch  63  is 
operated  during  initial  calibration  in  order  to 
provide  a  datum  point  for  the  use  system  which 
allows  the  determination  of  the  angular  position  of 

30  the  member  14. 
An  encoder  pulley  74  is  coupled  to  gear  pulley  59 

by  gear  belt  75.  Affixed  to  the  encoder  pulley  shaft 
is  an  optical  shaft  encoder  assembly  consisting  of 
an  optical  shaft  disk  66  and  a  pair  of  light-emitting 

35  diodes  and  associated  photo  transistor  detectors 
(not  shown).  The  encoder  disk  66  has  a  plurality  of 
inner  70  and  outer  68  radially  spaced  apart  slots 
through  which  light-emitting  diodes  are  directed. 
Relative  radial  spacing  of  the  inner  and  outer  slots 

40  is  such  that  upon  rotation  of  the  disk,  two  signals 
are  generated  which  are  approximate  square 
waves  and  are  timed  such  that  the  edges  of  the 
pulses  of  each  set  of  signals  are  90°  out  of  phase. 
The  resultant  signals  generated  allow  the  determi- 

45  nation  of  both  angular  positions.  as  well  as  direc- 
tion  and  angularvelocity  of  rotation  of  member  1  4. 

The  side  view  of  the  actuator  assembly  is 
illustrated  in  Figure  4  which  shows  the  actuator  65 
rotatably  supported  by  a  front  plate  71  and  a  rear 

so  plate  73.  Below  the  actuator  65  and  coupled 
thereto  is  a  servo  valve  78.  Hydraulic  lines  72  from 
a  dump  valve  (not  shown  in  Fig.  4)  located  in 
housing  16  lead  to  the  servo  valve  78.  The  entire 
actuator  assembly  can  be  tilted  as  shown  in  Figure 

55  5  about  base  39  in  either  direction  to  permit 
rotation  of  the  arm  assembly  about  an  axis 
inclined  by  a  selectable  amount  to  the  horizontal. 

The  system  of  control  of  the  exercising 
apparatus  is  illustrated  schematically  in  Figure  6. 

eo  Hydraulic  fluid  from  a  reservoir  110  is  supplied  to  a 
hydraulic  pump  1  1  2.  The  pump  1  12  is  powered  by 
a  motor  1  14  and  fluid  which  is  pressurised  by  the 
pump  112  is  directed  into  a  dump  valve  116.  The 
dump  valve  116  receives  operating  power  from 

65  110  VAC  source  through  relay  150.  When  powered. 

sophisticated  set  of  redundant  safety  checks  may 
be  constantly  effected  by  the  microprocessor 
means  in  addition  to  hardware  control  safety 
measures  to  provide  a  high  level  of  safety  and 
flexibility  combined  with  significantly  improved 
accuracy  than  hitherto  known  devices. 

In  drawings  representing  a  preferred  embodi- 
ment  of  the  invention. 

Figure  1  is  a  perspective  view  of  the  exercising 
apparatus  without  the  microprocessor, 

Figure  2  is  an  exploded  view  of  the  handle 
attachment. 

Figure  3  is  a  front  elevation  view  of  the  actuator 
assembly  with  the  casing  removed, 

Figure  4  is  a  side  elevation  view  of  the  actuator 
assembly  shown  in  Figure  3, 

Figure  5  is  a  view  of  the  actuator  assembly  tilted 
from  the  position  shown  in  Figure  3,  and 

Figure  6  is  a  schematic  diagram  of  the  control 
elements  of  the  exercising  apparatus. 

The  user  station  10  of  the  exercising  apparatus 
shown  in  Figure  1  consists  of  an  actuator  assembly 
12  having  an  actuator  shaft  60  (see  Figure  3)  to 
which  is  attached  an  exercising  member  14.  A 
housing  16  enclosing  a  hydraulic  pump  and  heat 
exchanger  (not  shown)  also  supports  a  set  of 
cushion  18,  20  and  22  adjacent  each  side  of  the 
actuator  assembly  12.  The  central  cushion  22  of 
each  set  of  cushions  is  positionable  in  selectable 
reclined  positions  from  a  fully  flat  position  to  an 
upright  position.  The  actuator  assembly  12  is 
movable  in  a  vertical  position  by  a  track 
mechanism  located  below  the  actuator  assembly 
12  (not  shown)  and  attached  to  a  U-shaped  base 
39.  The  bellows  35  encloses  a  portion  of  the  sliding 
track  assembly.  The  actuator  assembly  12  is  also 
rotatable  around  a  shaft  and  bearing  assembly  40, 
located  at  either  end  of  the  base  39. 

Exercising  member  14  consists  of  shaft  36 
affixed  to  an  actuator  shaft  60  splined  at  either  end, 
and  as  shown  in  Figure  1  ,  an  elongated  arm  34  of  a 
rectangular  cross-section,  in  turn,  is  affixed  to  . 
shaft  36.  A  block  30,  shown  in  part  in  Figure  2, 
slidably  captures  arm  34  and  is  lockable  in  select- 
able  positions  thereon  by  a  screw  and  wedge 
element  32.  Integral  with  block  30  is  a  handle 
mount  28  which  has  a  recess  (not  shown)  for 
receiving  one  end  of  a  load  cell  block  26  by  means 
of  a  pin  slidably  insertable  into  hole  54  in  mount 
28,  and  a  hole  52  in  a  boss  50  on  one  end  of  the  load 
cell  block  26.  A  boss  44  on  the  other  end  of  the  load 
cell  block  26  also  has  a  hole  46  which  aligns  with  a 
corresponding  hole  48  in  a  handle  receptacle  42  of 
a  handle  24  to  receive  a  locking  pin  (not  shown).  A 
pair  of  strain  gauges  56  and  58  each  wound  in  a 
wave-length  manner  and  oriented  orthogonally  to 
each  other  are  mounted  on  a  wall  57  parallel  to  the 
axis  of  the  bosses  50  and  44  of  one  of  two  U- 
shaped  recesses  of  the  block  26.  The  load  cell  block 
26  is  positioned  to  provide  signals  proportional  to 
force  applied  to  the  handle  24  transverse  to  the 
arm  34  and  to  provide  signals  which  permit 
cancelling  out  of  the  torque  about  the  axis  through 
bosses  44  and  50  and  force  components  parallel 
thereto. 
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else  is  causing  motor  1  1  4  and  dump  valve  1  1  6  not 
to  work. 

Control  of  the  operation  of  the  system  is 
achieved  by  a  microprocessor  126  which  is  elec- 

5  trically  coupled  to  a  bus  interface  128  followed  by 
a  hardware  interface  130  and  a  signal  conditioner 
132.  The  bus  interface  128  decodes  the  address 
data  and  control  data  from  the  microprocessor 
126  to  generate  signals  for  the  microprocessor 

10  126  to  access  various  registers  and  latches  of  the 
bus  and  hardware  interface  electronics. 

The  bus  interface  128  also  conditions  data  from 
the  hardware  interface  130  and  provides  isolation 
of  the  microprocessor  126  from  the  latter.  The 

15  hardware  interface  130  holds  the  signals  stable 
until  updated  from  either  the  microprocessor  126 
or  the  system  hardware.  It  also  generates  signals 
from  the  load  cell  26  and  pressure  level  signals 
from  the  actuator  65  for  a  fixed  time  period  before 

20  transferring  that  data  to  the  microprocessor  126. 
Finally,  the  hardware  interface  130  also  counts 
pulses  from  the  shaft  encoder  66. 

The  function  of  the  signal  conditioner  132  is  to 
adjust  voltage  levels,  to  buffer  and  boost  drive 

25  signals  for  the  relays  and  to  filter  signals.  For 
example,  signals  destined  for  the  servo  valve  78 
which  are  generated  by  the  computer  126  and 
conditioned  by  the  interfaces  are  pulse  width 
modulated.  The  signal  conditioner  132  converts 

30  the  signals  to  a  current  proportional  to  the  pulse 
width.  The  converted  current  is  then  used  to  drive 
the  servo  valve  78.  In  addition,  force  pressure 
signals  in  the  form  of  voltages  are  converted  by 
the  signal  conditioner  132  to  frequency  sent  to  the 

35  hardware  interface  130.  The  signal  conditioner 
132  includes  line  drivers  to  boost  the  drive  capa- 
bility  of  binary  signals  sent  to  the  interfaces  and 
line  receivers  to  wave  shape  binary  signals  sent 
from  the  interfaces.  Finally,  the  signal  conditioner 

40  132  includes  optical  isolating  circuits  to  isolate 
from  the  rest  of  circuitry  power  sensors  used  to 
detect  whether  or  not  power  is  being  applied  to 
the  motor  114  and  dump  valve  116. 

Operation  of  the  exercising  apparatus  involves 
45  the  computer  under  control  of  a  software  pro- 

gram  first  entering  a  calibrate  mode  on  initial 
powering-up  of  the  system.  The  computer  or 
microprocessor  126  then  forces  the  actuator  65  to 
rotate  in  a  clockwise  direction  until  the  central 

so  limit  switch  63  is  closed,  thereby  providing  a 
signal  which  gives  the  computer  126  a  datum 
point  so  that  it  can  locate  the  angular  position  of 
the  member  14.  The  actuator  shaft  is  then  rotated 
approximately  25°  in  a  counter-clockwise  direc- 

55  tion  at  which  point  the  computer  or  micro- 
processor  126  checks  the  pressure  levels  in  the 
actuator  65  to  ascertain  whether  the  hydraulic 
fluid  is  pressurized.  The  microprocessor  126  also 
causes  offsets  to  be  adjusted  in  order  to  compen- 

60  sate  for  shifts  in  the  zero  level  of  the  circuitry,  any 
servo  valve  offset  and  for  weight  in  the  actuator 
shaft  in  the  event  it  is  tilted  from  a  horizontal 
position. 

The  programme  then  causes  the  system  to 
65  enter  into  an  idle  mode  in  which  data  may  be 

the  dump  valve  116  shunts  pressurised  fluid  into 
a  return  line  121  which  directs  fluid  through  a 
conventional  heat  exchanger  152  back  to  the 
reservoir  110. 

After  passing  through  the  dump  valve  116, 
pressurized  fluid  enters  a  servo  valve  78  having  a 
pair  of  outlet/inlet  ports  which  couple  to  corre- 
sponding  ports  of  the  actuator  65.  Fluid  flows  out 
one  of  the  two  servo  valve  ports  into  the  actuator 
and  back  into  the  other  servo  valve  port.  Both  the 
direction  and  rate  of  fluid  flow  into  the  actuator  65 
is  controlled  by  electrical  current  directed  into  the 
servo  valve  78  along  cable  115.  The  actuator  65  is 
coupled  mechanically  to  an  arm  34  and  handle  24 
as  previously  discussed. 

The  sensing  signals  which  are  used  to  monitor 
operation  of  the  system  include  voltage  signals 
from  the  load  cell  26  conducted  along  lines  170 
and  172  to  a  signal  conditioner  132.  The  latter 
voltage  levels  are  proportional  to  the  force  sup- 
plied  directly  to  the  handle  24  and  do  not  include 
any  contribution  due  to  weight  of  the  arm  34  and 
block  30.  A  pair  of  pressure  transducers  166  and 
168  supply  voltage  signals  to  the  signal  condi- 
tioner  132  which  are  proportional  to  the  pressure 
levels  present  across  the  actuator  65  which  levels 
result  from  the  torque  applied  to  the  actuator 
shaft  by  the  user  through  the  arm  32,  block  30  and 
handle  24. 

The  shaft  encoder  66  produces  two  sets  of 
square  waves  which  are  sent  to  the  signal  condi- 
tioner  132  along  lines  162  and  164.  The  latter 
signals  are  indicative  of  actuator  shaft  position, 
angular  velocity  and  direction  of  rotation. 

Operation  of  limit  switches  62  and  64  interrupt 
current  to  relay  140  'causing  the  latter  to  open 
thereby  disconnecting  110  volts  AC  from  the  coils 
136  of  a  mechanical  relay.  Contact  134  of  the  latter 
relay  couple  a  source  of  220  volts  AC  when  closed 
to  motor  114.  A  mechanical  manually  operated 
override  switch  146  is  operable  to  cause  the 
opening  of  relay  140  and  thereby  disconnecting 
the  220  volts  AC  source  from  motor  114.  The  latter 
switch  can  be  used  as  a  panic  button  by  the  user 
in  the  event  there  is  a  system  failure. 

The  central  limit  switch  63  is  operable  to  dis- 
connect  a  line  from  the  signal  conditioner  132 
from  ground  thereby  resulting  in  a  signal  being 
generated  which  gives  the  microprocessor  126  a 
datum  point  for  calibration  purposes.  With  the 
latter  datum  point  the  microprocessor  126  can 
determine  the  angular  position  of  the  actuator 
shaft. 

Operation  of  the  dump  valve  116  is  controlled 
by  a  relay  150  which,  in  response  to  signals  from 
the  signal  conditioner  132  sent  along  line  161, 
close  and  connect  110  volts  AC  to  the  dump  valve 
116.  The  application  of  power  to  the  dump  valve 
116  is  monitored  by  line  163  leading  to  the  signal 
conditioner  132.  Normally,  the  application  of 
power  to  motor  114  is  sensed  by  line  117  leading 
to  the  signal  conditioner  132.  The  latter  two 
power  sensing  circuits  both  allow  the  micro- 
processor  126  to  tell  if  its  control  of  the  motor  114 
and  dump  valve  116  is  effective  or  if  something 
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entered  into  the  microprocessor  determining  the 
type  of  exercise  to  be  engaged  in  addition  to 
changes  in  previously  entered  data.  The  system 
then  receives  input  data  which  may  include  the 
number  of  repetitions,  the  initial  angle,  the  final  5 
angle,  the  required  velocity,  the  minimum  force 
below  which  the  arm  14  will  stop,  whether  the 
force  to  be  applied  by  concentric  muscle  contrac- 
tions  or  by  eccentric  muscle  contractions  or  a 
combination  of  the  two,  and  possibly  the  duration  w 
of  the  exercise.  Once  the  parameters  are  entered 
the  arm  14  moves  to  a  selected  initial  angle  and 
cycles  through  the  exercise  routine.  The  exercise 
routine  may  be  a  constant  angle  or  isometric 
exercise,  a  constant  velocity  exercise,  a  constant  is 
force  exercise  or  a  constant  power  exercise. 

The  microprocessor  unit  is  a  standard  micro 
computer  which  contains  a  central  processing 
unit,  a  memory,  a  diskette  interface,  a  video 
display  interface  and  a  bus/card  cage/power  20 
supply.  Any  one  of  a  number  of  commercially 
available  general  purpose  micro  computers  may 
be  employed.  The  servo  valve  employed  is  manu- 
factured  by  Koehring  of  Detroit,  Michigan,  and  is 
an  electro-magnetically  activated  proportional  25 
valve  which  controls  the  amount  of  flow  and  the 
direction  of  the  flow  by  the  magnitude  and  plu- 
rality  of  current  through  its  electro-magnetic 
winding. 

In  the  above-described  system  it  is  possible  to  30 
utilise  a  potentiometer  in  place  of  an  optical  shaft 
encoder  or  utilise  a  different  system  of  signal 
processing  altogether.  It  is  considered  that  the 
signal  conditioning  and  interface  electronics 
given  the  functions  desired  to  be  performed  will  35 
be  obvious  to  the  ordinary  skilled  technician. 

Claims 

1.  A  multi-mode  exercising  apparatus  compris-  40 
ing  an  exercising  member  (14),  hydraulic  means 
(65,  112,  114,  78)  coupled  to  said  exercising 
member  (14)  for  controlling  its  movement,  load 
cell  means  (56,  58)  coupled  to  said  exercising 
member  (14)  for  detecting  the  magnitude  of  a  45 
force  applied  to  said  exercising  member  and 
providing  an  output  signal  which  is  proportional 
to  said  force,  position  monitoring  means  (66)  for 
detecting  the  position  of  said  exercising  member 
(14)  and  providing  an  output  signal  which  is  so 
representative  of  the  position  of  said  exercising 
member  (14),  and  microprocessor  means  (126, 
128,  130,  and  132)  for  receiving  said  output 
signals  of  said  load  ceil  means  and  said  position 
monitoring  means  and  for  delivering  an  input  55 
signal  to  said  hydraulic  means  in  accordance  with 
a  predetermined  control  program  so  as  to  control 
said  hydraulic  means  and  thus  the  movement  of 
said  exercising  member,  characterized  in  that  said 
hydraulic  means  comprises  a  rotary  actuator  (65)  eo 
which  is  adapted  to  be  driven  in  opposite  rota- 
tional  directions,  hydraulic  pump  means  (112), 
motor  means  (114)  for  driving  the  pump  means 
(112),  a  fluid  reservoir  (110)  coupled  to  said  pump 
means  (112),  and  servo  valve  means  (78)  for  65 

controlling  flow  in  each  direction  through  said 
rotary  actuator,  in  that  said  position  monitoring 
means  comprises  means  for  monitoring  the 
angular  position  of  said  rotary  actuator  (65),  in 
that  said  input  signal  from  said  microprocessor 
means  is  delivered  to  said  servo  valve  means  (78) 
to  control  the  rotational  direction  and  speed  of 
movement  of  said  exercising  member,  in  that  said 
exercising  member  (14)  comprises  an  arm  (34,  30) 
extending  radially  from  the  rotational  axis  of  said 
rotary  actuator,  and  a  user  engageable  handle 
(24)  mounted  at  the  radially  outer  end  of  said  arm, 
and  in  that  said  load  cell  means  is  positioned 
immediately  adjacent  said  user  engageable 
handle  (24). 

2.  The  multi-mode  exercising  apparatus  as 
defined  in  claim  1  further  characterized  in  that 
said  apparatus  comprises  an  output  shaft  (60) 
fixed  to  said  rotary  actuator  and  extending  along 
the  rotational  axis  thereof,  said  arm  including  an 
arm  portion  (34)  fixed  to  said  output  shaft,  a  slider 
(30)  slidably  mounted  to  said  arm  portion  (34), 
locking  means  (32)  for  releasably  positioning  said 
slider  at  an  adjustable  location  along  the  radial 
length  of  said  arm  portion  (34),  block  means  (26) 
mounting  said  user  engageable  handle  (24)  to 
said  slider  and  in  that  said  load  cell  means  (56,  58) 
is  mounted  to  said  block  means. 

3.  The  exercising  apparatus  as  defined  in  claim 
2  wherein  said  output  shaft  (60)  includes  opposite 
ends  which  are  positioned  on  respective  opposite 
sides  of  said  rotary  actuator  (65),  and  further 
comprising  means  for  releasably  mounting  said 
arm  portion  (34)  to  either  of  said  opposite  ends. 

4.  The  exercising  apparatus  as  defined  in  claim 
3  wherein  said  load  cell  means  includes  means 
(56,  58)  for  cancelling  any  torque  forces  about  an 
axis  which  is  parallel  to  said  radially  extending 
arm  (34,  30). 

5.  The  exercising  apparatus  as  defined  in  claim 
3  wherein  said  apparatus  further  comprises  a 
bracket  assembly  (39),  and  an  actuator  assembly 
(12)  which  includes  said  rotary  actuator,  with  said 
actuator  assembly  being  mounted  to  said  bracket 
assembly  for  selective  pivotal  movement  about  a 
horizontal  pivotal  axis  (40)  which  is  perpendicular 
to  said  rotational  axis  of  said  actuator. 

6.  The  exercising  apparatus  as  defined  in  claim 
3  wherein  said  apparatus  further  comprises  a  pair 
of  horizontal  body  support  members  (18,  20,  22), 
and  with  said  pair  of  body  support  members 
being  positioned  on  respective  opposite  sides  of 
said  pivotal  axis  (40)  and  such  that  the  user  may 
be  positioned  on  one  of  said  support  members  on 
either  side  of  said  actuato'r  assembly  (12)  and  with 
said  radial  arm  (34,  30)  mounted  to  the  adjacent 
end  of  said  shaft  (60). 

7.  The  exercising  apparatus  as  defined  in  claim 
1  wherein  said  hydraulic  pump  (112)  has  an  inlet 
line  connected  to  said  hydraulic  fluid  reservoir 
(110)  and  an  outlet  line  connected  to  said  servo 
valve  means  (78),  and  dump  valve  means  (116) 
positioned  in  said  outlet  line  for  selectively  shunt- 
ing  hydraulic  fluid  back  to  said  reservoir. 

8.  The  exercising  apparatus  as  defined  in  claim 
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3.  Ubungsgerat  nach  Anspruch  2,  worin  die  Aus- 

gangswelle  (60)  entgegengesetzte  Enden  auf- 
weist,  die  auf  den  jeweils  einander  gegeniiberlie- 
genden  Seiten  des  Drehstellers  (65)  gelegen  sind, 

5  femer  mit  Einrichtungen  zum  losbaren  Anbringen 
des  Armteils  (34)  an  beiden  entgegengesetzten 
Enden. 

4.  Ubungsgerat  nach  Anspruch  3,  worin  der 
Belastungsmelder  Mittei  (56,  58)  umfaSt,  um  jegli- 

10  che  Drehmomentkrafte  um  eine  Achse,  die  parallel 
zu  dem  sich  radial  erstreckenden  Arm  (34,  30)  ist, 
auszuloschen. 

5.  Ubungsgerat  nach  Anspruch  3,  bei  welchem 
das  Gerat  femer  eine  Bugelgruppe  (39)  und  eine 

15  Steilgliedgruppe  (12)  enthalt,  welche  den  Dreh- 
steller  umfaBt,  wobei  die  Steilgliedgruppe  an  der 
Bugelgruppe  angebracht  ist,  um  eine  seiektive 
Schwenkbewegung  um  eine  horizontale 
Schwenkachse  (40)  auszufiihren,  die  senkrecht  zur 

20  Drehachse  des  Stellgliedes  ist. 
6.  Ubungsgerat  nach  Anspruch  3,  worin  das 

Gerat  ferner  zwei  horizontale  Korper-Tragele- 
@  mente  (18,  20,  22)  umfaSt,  wobei  die  zwei  Korper- 

Tragelemente  auf  den  jeweils  einander  gegen- 
25  uberliegenden  Seiten  der  Schwenkachse  (40)  der- 

art  angeordnet  sind,  daB  der  Benutzer  eine  Stel- 
lung  auf  einem  der  Tragelemente  auf  beiden 
Seiten  der  Steilgliedgruppe  (12)  einnehmen  kann, 
wobei  der  radiale  Arm  (34,  30)  an  dem  benach- 

30  barten  Ende  der  Ausgangswelle  (60)  angebracht 
ist. 

7.  Ubungsgerat  nach  Anspruch  1,  worin  die 
Hydraulikpumpe  (112)  eine  EinlaBleitung  auf- 
weist,  welche  an  den  Hydraulikfluidbehalter  (110) 

35  angeschlossen  ist,  und  eine  AuslaBleitung  auf- 
weist,  die  an  die  Servoventilmittel  (78)  ange- 
schlossen  ist,  sowie  Ablauf-Ventilmittel  (116)  auf- 
weist,  die  in  der  AuslaBleitung  zum  selektiven 
Uberbrucken  der  Hydraulikfluidstromung  zuriick 

40  zu  dem  Behalter  angeordnet  sind. 
8.  Ubungsgerat  nach  Anspruch  1  ,  ferner  mit  Ein- 

richtungen  (166,  168)  zum  Abtasten  des  Fluid- 
drucks  am  Stellglied,  um  den  Mikroprozessormit- 
teln  Ausgangssignale  zgzufuhren,  weiche  repra- 

45  sentativ  fur  das  Drehmoment  sind,  das  an  dem 
Stellglied  wirksam  ist,  um  so  die  Feststellung  einer 
anomalen  Kraftbeanspruchung  des  Stellgliedes  zu 
ermoglichen. 

50  Revendications 

1.  Appareil  d'entrainement  a  modes  multiples 
comprenant  un  organe  d'entrainement  (14),  des 
moyens  hydrauliques  (65,  1  1  2,  1  14,  78)  relies  audit 

55  organe  d'entrainement  (14)  pour  controler  son 
mouvement,  des  jauges  de  contraintes  (56,  58) 
reliees  audit  organe  d'entratnement  pour  detecter 
la  grandeur  d'une  force  appliquee  a  cet  organe 
d'entrainement  et  pour  fournir  un  signal  de  sortie 

60  qui  est  proportionnel  a  ladite  force,  des  moyens  de 
detection  de  position  (66)  pour  detecter  la  position 
dudit  organe  d'entrainement  (14)  et  fournir  un 
signal  de  sortie  qui  est  representatif  de  la  position 
de  cet  organe  d'entrainement  (14),  et  un  micro- 

65  processeur  (126,  128,  130  et  132)  pour  recevoir  les 

1  further  comprising  means  (166,  168)  for  sensing 
the  fluid  pressure  across  said  actuator  and  provid- 
ing  output  signals  to  said  microprocessor  means 
which  are  representative  of  the  torque  applied  to 
said  actuator  and  so  as  to  permit  detection  of 
abnormal  applications  of  force  to  said  actuator. 

Patentanspriiche 

1.  Vielfach-Obungsgerat  mit  einem  Obungsteil 
(14),  Hydraulikmitteln  (65,  1  12,  1  14,  78),  die  an  das 
Obungsteil  (14)  zur  Steuerung  seiner  Bewegung 
angekoppelt  sind,  einem  Belastungsmelder  (56, 
58),  welcher  an  das  Obungsteil  (14)  angekoppelt 
ist,  um  die  GroBe  einer  Kraft  zu  erfassen,  welche 
auf  das  Obungsteil  angeubt  wird,  und  ein  Aus- 
gangssignal  zu  erzeugen,  welches  zu  dieser  Kraft 
proportional  ist,  einem  Stellungsmelder  (66)  zum 
Erfassen  der  Position  des  Ubungsteils  (14),  der  ein 
Ausgangssignal  abgibt,  welches  die  Position  des 
Obungsteils  (14)  darstellt,  und  Mikroprozessor- 
mitteln  (126,  128,  130  und  132)  zum  Empfangen 
der  Ausgangssignals  des  Belastungsmelders  und 
des  Stellungsmelders  und  zum  Abgeben  eines 
Eingangssignals  an  die  Hydraulikmittel  ent- 
sprechend  einem  vorbestimmten  Steuer- 
programm,  um  die  Hydraulikmittel  und  folglich  die 
Bewegung  des  Obungsteils  zu  steuern,  dadurch 
gekennzeichnet,  daB  die  Hydraulikmittel  einen 
Drehsteller  (65)  umfassen,  der  fur  einen  Antrieb  in 
entgegengesetzten  Drehrichtungen  ausgelegt  ist, 
Hydraulik-Pumpmittel  (112),  Motormittel  (114) 
zum  Antreiben  der  Pumpmittel  (112),  einen  an  die 
Pumpmittel  (112)  angekoppelten  Fluidbehalter 
(110)  und  Servoventilmittel  (78)  zum  Steuern  der 
Stromung  in  jeder  Richtung  durch  den  Drehsteller 
enthalt,  daS  der  Stellungsmelder  Mittei  umfaBt, 
um  die  Winkelstellung  des  Drehstellers  (65)  zu 
Qberwachen,  daS  das  Eingangssignal  aus  den 
Mikroprozessormitteln  an  die  Servoventilmittel 
(78)  abgegeben  wird,  um  die  Drehrichtung  und 
Bewegungsgeschwindigkeit  des  Obungsteils  zu 
steuern,  daB  das  Obungsteil  (14)  einen  Arm  (34, 
30)  umfaSt,  welcher  sich  in  Radialrichtung  von  der 

-  Drehachse  des  Drehstellers  erstreckt,  und  einen 
durch  den  Benutzer  erfaBbaren  Handgriff  (24)  auf- 
weist,  welcher  am  radial  auBeren  Ende  des  Armes 
angebracht  ist,  und  daS  der  Belastungsmelder  un- 
mittelbar  angrenzend  an  den  durch  den  Benutzer 
erfaBbaren  Handgriff  (24)  angeordnet  ist. 

2.  Vieifach-Obungsgerat  nach  Anspruch  1,  fer- 
ner  dadurch  gekennzeichnet,  daB  das  Gerat  eine 
Ausgangswelle  (60)  aufweist,  die  an  dem  Dreh- 
steller  befestigt  ist  und  sich  entlang  seiner  Dre- 
hachse  erstreckt,  wobei  der  genannte  Arm  einen 
an  der  Ausgangswelle  befestigten  Armteil  (34), 
einen  an  dem  Armteil  (34)  verschiebbar  ange- 
brachten  Schieber  (30),  Verriegelungsmittel  (32) 
zur  losbaren  Positionierung  des  Schiebers  in  einer 
einstellbaren  Stellung  entlang  der  radialen  Lange 
des  Armteils  (34)  und  Blockmittel  (26)  enthalt, 
durch  welche  der  durch  den  Benutzer  erfaSbare 
Handgriff  (24)  an  dem  Schieber  angebracht  ist, 
und  daS  der  Belastungsmelder  (56,  58)  an  den 
Blockmittein  angebracht  ist. 
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signaux  de  sortie  des  jauges  de  contraintes  et  des 
moyens  de  detection  de  position  et  pour  fournir 
un  signal  d'entree  auxdits  moyens  hydrauliques 
selon  un  programme  de  commande  predeter- 
mine  de  fagon  a  controler  lesdits  moyens 
hydrauliques  et  ainsi  le  mouvement  de  I'organe 
d'entratnement,  caracterise  en  ce  que  lesdits 
moyens  hydrauliques  comprennent  un  action- 
neur  rotatif  (65)  qui  est  adapte  pour  etre  entratne 
dans  des  sens  de  rotation  opposes,  une  pompe 
hydraulique  (112),  des  moyens  moteurs  (114) 
pour  entratner  la  pompe  hydraulique  (112),  un 
reservoir  de  fluide  (110)  relie  a  ladite  pompe 
hydraulique  (112)  et  une  servo-valve  (78)  pour 
controler  le  courant  dans  chaque  sens  a  travers 
ledit  actionneur  rotatif,  en  ce  que  lesdits  moyens 
de  detection  de  position  comprennent  des 
moyens  pour  detecter  la  position  angulaire  dudit 
actionneur  rotatif  angulaire  (65),  en  ce  que  le 
signal  d'entree  provenant  du  microprocesseur  est 
fourni  a  ladite  servo-valve  (78)  pour  commander 
le  sens  de  rotation  et  la  vitesse  du  mouvement 
dudit  organe  d'entratnement,  en  ce  que  cet 
organe  d'entrainement  (14)  comprend  un  bras 
(34,  30)  s'etendant  radialement  a  partir  de  I'axe  de 
rotation  dudit  actionneur  rotatif,  et  une  poignee 
(24)  a  I'usage  de  I'utilisateur  montee  a  I'extremite 
radiale  exterieure  dudit  bras,  et  en  ce  que  les 
jauges  de  contraintes  sont  disposees  immediate- 
ment  au  voisinage  de  ladite  poignee  (24)  a  I'usage 
de  I'utilisateur. 

2.  Appareil  d'entrainement  a  modes  multiples 
selon  la  revendication  1  caracterise  en  outre  en  ce 
que  cet  appareil  comprend  un  arbre  de  sortie  (60) 
fixe  audit  actionneur  rotatif  et  s'etendant  le  long 
de  I'axe  de  rotation  de  celui-ci,  ledit  bras  compre- 
nant  une  partie  de  bras  (34)  fixee  a  cet  arbre  de 
sortie,  un  curseur  (30)  monte  coulissant  sur  ladite 
partie  de  bras,  des  moyens  de  verrouillage  (32) 
pour  positionner  de  fagon  liberable  ledit  curseur  a 
un  endroit  reglable  le  long  de  la  longuer  en  sens 
radial  de  ladite  partie  de  bras  (34),  des  moyens  de 
blocage  (26)  pour  le  montage  de  ladite  poignee  a 
I'usage  de  I'utilisateur  sur  ledit  curseur  et  en  ce 
que  les  jauges  de  contraintes  (56,  58)  sont  mon- 
tees  sur  ces  moyens  de  blocage. 

3.  Appareil  d'entratnement.  selon  la  revendica- 
tion  2  dans  lequel  I'arbrede  sortie  (60)  comprend 

des  extremites  opposees  qui  sont  situees  sur  les 
cotes  opposes  respectifs  dudit  actionneur  rotatif 
(65),  et  comprenant  en  outre  des  moyens  pour 
monter  de  fagon  detachable  ladite  partie  du  bras 
(34)  sur  I'une  ou  I'autre  desdites  extremites  oppo- 
sees. 

4.  Appareil  d'entramement  selon  la  revendica- 
tion  3  dans  lequel  les  jauges  de  contraintes 
comprennent  des  moyens  (56,  58)  pour  annuler 
tout  couple  autour  d'un  axe  qui  est  paraliele  audit 
bras  (34,  30)  s'etendant  radialement. 

5.  Appareil  d'entrainement  selon  la  revendica- 
tion  3  dans  lequel  ledit  appareil  comprend  en 
outre  un  ensemble  porteur  (39),  et  un  ensemble 
actionneur  (12)  qui  comprend  I'actionneur  rotatif, 
cet  ensemble  actionneur  (12)  etant  monte  sur 
ledit  ensemble  porteur  de  fagon  a  permettre  un 
mouvement  selectif  de  pivotement  autour  d'un 
axe  (40)  de  pivotement  horizontal  qui  est 
perpendiculaire  audit  axe  di  rotation  de  I'action- 
neur. 

6.  Appareil  d'entratnement  selon  la  revendica- 
tion  3  dans  lequei  cet  appareil  comprend  en  outre 
une  paire  d'organes  porteurs  d'un  corps  horizon- 
tal  (18,  20,  22),  cette  paire  d'organes  porteurs  d'un 
corps  etant  disposee  sur  des  cotes  opposes  res- 
pectifs  dudit  axe  de  pivotement  (40)  de  sortie  que 
I'utilisateur  peut  etre  place  sur  I'un  desdits 
organes  porteurs  sur  I'un  ou  I'autre  cote  dudit 
ensemble  actionneur  (12),  ledit  bras  radial  (34,  30) 
etant  monte  a  I'extremite  voisine  dudit  arbre  de 
sortie  (60). 

7.  Appareil  d'entratnement  selon  la  revendica- 
tion  1  dans  lequel  ladite  pompe  hydraulique  (112) 
a  une  canalisation  d'entree  reliee  audit  reservoir 
de  fluide  hydraulique  (110)  et  une  canalisation  de 
sortie  reliee  a  la  servo-valve  (78),  et  une  soupape 
de  decharge  (116)  est  disposee  sur  ladite  canalisa- 
tion  de  sortie  pour  deriver  selectivement  du  fluide 
hydraulique  en  retour  vers  le  reservoir. 

8.  Appareil  d'entrainement  selon  la  revendica- 
tion  1  comprenant  en  outre  des  moyens  (166,  168) 
pour  detecter  la  pression  de  fluide  a  travers  ledit 
actionneur  et  fournir  audit  microprocesseur  des 
signaux  de  sortie  qui  sont  representatifs  du  cou- 
ple  applique  audit  actionneur,  et  de  maniere  a 
permettre  la  detection  d'une  application  anor- 
male  de  force  a  cet  actionneur. 
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