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tion  through  the  nozzle  head  of  the  device.  Figure 
3  shows  a  schematic  arrangement  of  a  joystick 
control  unit  for  the  device.  Figure  4  shows  a  sche- 
matic  diagram  of  a  hydraulic  system  for  use  with 
the  joystick.  Figure  5  shows  an  arrangement 
using  a  steerable  nozzle  unit  for  borehole  mining. 
Figure  6  is  a  vertical  section  through  a  manipula- 
tive  device  having  a  single  peripheral  steering 
nozzle. 

Economic  borehole  mining  requires  that  the 
cutting  nozzle  can  approach  close  to  the  target 
formation  so  that  attenuation  of  the  cutting  jet  by 
the  surrounding  fluid  is  reduced.  Figure  1  shows 
a  remotely  controllable  flexible  nozzle  which  is 
capable  of  intrinsic  positional  feedback  and  self 
energising  restoring  force  to  counteract  a  distur- 
bance  from  the  desired  position.  The  nozzle  com- 
prises  manipulative  device  in  the  form  of  a  nozzle 
head  (1  ),  a  flexible  hose  (2)  and  a  system  of  oper- 
ating  tendons  (3).  The  nozzle  head  has  a  cutting 
jet  nozzle  and  three  pierpheral  steering  jet  nozzles 
(5),  the  steering  jet  nozzles  having  associated 
piston  valves  (6)  and  are  capable  of  jetting  fluid  at 
right  angles  to  the  major  nozzle  head  axis.  The 
nozzle  head  is  connected  to  a  length  of  flexible 
line  or  hose  (2).  The  hose  (2)  is  fitted  with  guide 
rings  (7)  which  locate  three  equally  spaced 
stranded  wire  tendons  (3)  which  are  used  to  op- 
erate  the  piston  valves  (6)  of  the  steering  jet 
nozzles  (5).  The  tendons  (3)  are  linked  to  the  re- 
mote  operating  source  for  example  a  joystick  (9) 
by  means  of  Bowden  cables  which  terminate  at  a 
fixed  reference  point  (4)  which  comprises  an 
abutment  ring  having  three  attachment  points  for 
the  Bowden  cable  outer  tubes  (8). 

An  alternative  inextensible  hose  system  could 
comprise  other  flexible  means,  such  as  bellows  or 
convoluted  tubing  of  say  metal  or  plastics  mate- 
rial  construction. 

Figure  2  shows  the  nozzle  head  in  more  detail. 
The  nozzle  head  comprises  a  nylon  body  (1  0) 
having  a  forwardly  directed  cutting  nozzle  (11) 
and  three  equally  axially  spaced  steering  jet 
nozzles  (12)  capable  of  directing  fluid  at  right 
angles  to  the  cutting  jet  nozzle  (11  ).The  head  has 
a  co-axial  plug  valve  (13)  controlling  the  cutting 
jet  nozzle  (1  1  )  which  is  actuated  by  a  tension 
wire  (14)  passing  along  the  hose  (18)  from  the 
supply  end.  Each  steering  jet  nozzle  (12)  is  ope- 
rated  by  a  piston  valve  (1  5)  operated  by  a  tendon 
wire  (16).  The  head  also  has  a  reaction  jet  (17) 
which  is  directed  so  as  to  enable  advancement  of 
the  nozzle  head.  The  nozzle  head  is  connected  to 
a  flexible  hose  having  guide  ring  around  its  per- 
iphery  for  loacting  the  tendons.  The  flexible  hose 
(1  8)  is  connected  through  an  adaptor  to  a  control 
unit  in  the  form  of  a  two-axis  joystick  assembly 
mechanically  operating  the  nozzle  head  through 
the  tendons  (see  Figure  3)  . 

During  use,  three  jets  (5)  equi-spaced  radially 
around  the  nozzle  assembly  are  modulated  by  pis- 
ton  valves  (6)  in  the  assembly  to  drive  it  to  any 
desired  position  (see  Figure  1  ).  The  piston  valves 
(6)  are  controlled  by  three  tendons  (3),  the 
lengths  of  which  may  be  varied  differentially,  at 

Description 

The  present  invention  relates  to  manipulative 
devices  capable  of  being  remotely  operated. 

Manipulative  devices  enable  operations  and  in-  5 
spections  to  be  carried  out  remotely  from  an  op- 
erator.  Thus  they  are  useful  for  operating  on  or  in- 
specting  limited  access  or  closed  sites  such  as 
when  handling  hazardous  materials.  Also  it  is  of- 
ten  desirable,  for  example  for  jet  cutting  in  bore-  10 
hole  mining,  to  use  a  nozzle  having  means  which 
allow  nozzle  orientation  and  position  to  be  con- 
trolled  remotely.  This  arrangement  enables  the 
cutting  nozzle  to  approach  the  target  formation  in 
a  water  environment  closely  enough  to  retain  jet  is 
cutting  efficiency  without  impairment  by  jet  atte- 
nuation  caused  by  too  much  water  between  the 
nozzle  and  formation. 

According  to  the  present  invention  there  is  pro- 
vided  a  manipulative  device  capable  of  remote  20 
operation  comprising  a  nozzle  head  having  one  or 
more  nozzles  adapted  to  eject  a  fluid  stream  hav- 
ing  a  component  at  right  angles  to  the  axis  of  the 
nozzle  head,  the  nozzle  head  being  connectable 
by  a  flexible  elongate  member  to  a  reference  25 
point,  a  means  for  controlling  fluid  flow  through 
the  nozzles,  the  means  being  capable  of  operation 
by  tendons  adapted  to  follow  the  curvature  of  the 
flexible  elongate  member  whereby,  in  use,  remote 
differential  operation  of  the  tendons  enables  spa-  30 
tial  positioning  of  the  nozzle  head. 

In  one  embodiment  of  the  invention,  the  device 
is  in  the  form  of  a  cutting  nozzle  head  which  has  a 
forwardly  directed  cutting  nozzle  capable  of  con- 
trollably  jetting  fluid.  The  fluid  may  be,  for  exam-  35 
pie,  air  or  water.  The  device  has  a  plurality  of 
steering  nozzles  (preferably  three)  in  the  periph- 
ery  which  are  capable  of  jetting  fluid  outwardly  at 
right  angles  to  the  cutting  nozzle.  The  fluid  flow 
through  the  steering  nozzles  is  controlled  prefer-  40 
ably  by  valves,  the  valves  being  remotely  operable 
by  means  of  tendons  or  control  wires.  The  device 
may  have  a  further  nozzle  capable  of  jetting  fluid 
having  a  backward  component  of  flow  so  as  to 
provide  a  forward  thrust  to  the  carrier  device.  Al-  45 
ternatively  the  device  may  be  moved  by  separate 
translational  means  such  as  mechanical  oper- 
ation.  The  device  is  connected  to  the  source  of  re- 
mote  operation  by  for  example,  a  flexible  inex- 
tensible  hose.  The  tendons  or  control  wires  may  so 
be  located  by  rings  or  tubes  on  the  periphery  of 
the  hose  and  the  tendon  or  control  wire  lengths 
are  capable  of  differential  variation  by  means  of, 
for  example,  a  joystick  system  so  as  to  position 
the  cutting  nozzle  at  a  desired  location.  This  ar-  55 
rangement  may  be  used,  for  example,  to  controll- 
ably  hold  a  cutting  jet  against  the  face  of  a 
borehole. 

The  device  may  be  used  in  various  environ- 
ments  such  as  air,  liquids  e.g.  water  and  slurries.  so 

The  invention  will  now  be  described  by  way  of 
example  only  and  with  reference  to  the  accompa- 
nying  drawings. 

Figure  1  is  a  perspective  view  of  a  steerable  ma- 
nipulative  device.  Figure  2  is  a  vertical  cross  sec-  65 
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the  fixed  end  of  the  hose  (2),  to  define  the  desired 
position  of  the  nozzle.  The  tendons  (3)  are  equi- 
spaced  around  the  flexible  section  of  the  hose  and 
conform  to  its  curvature,  which  may  be  in  any 
plane.  The  tendons  act  as  automatic  positional  5 
feedback  since  changes  in  curvature  will  be 
sensed  as  changes  in  «length»  due  to  differences 
in  radius  inside  and  outside  the  bend. 

The  piston  valves  (6)  are  arranged  so  that  ex- 
tension  of  the  tendon  increases  the  flow  and  10 
thrust  of  the  steering  jet,  and  vice  versa.  The  self- 
correction  feature  may  be  illustrated  by  consider- 
ing  a  tendon  on  the  outside  of  the  hose  curve.  If 
the  curvature  is  less  than  desired  the  difference  in 
lengths  of  the  inner  and  outer  tendons  will  be  ex-  is 
aggerated  by  the  smaller  than  desired  difference 
in  radii.  Thus  the  outer  tendon  will  appear  to  be 
extended  at  the  nozzle  head,  allowing  the  piston 
valve  to  open,  increasing  the  jet  thrust  and  tend- 
ing  to  increase  the  curvature,  towards  the  desired  20 
position.  As  the  latter  is  approached,  the  tendon 
will  appear  to  «shorten»  with  the  increase  in  cur- 
vature,  until  the  nozzle  comes  to  rest  with  the  po- 
sitioning  jets  in  equilibrium. 

Since  the  tendons  are  only  controlling  the  pis-  2S 
ton  valves,  forces  are  low  and  approximately  con- 
stant,  the  fluid  pressure  on  the  end  of  the  piston 
valve  providing  a  steady  tensile  force  to  overcome 
tendon  friction  and  balance  tension.  A  light 
spring  is  also  fitted  to  allow  the  valves  to  follow  30 
tendon  movement  under  low  pressure  «start-up» 
conditions. 

The  device  is  thus  controlled  by  the  tendon  po- 
sitions  which  may  be  mechanically  linked  to  a 
simple  joystick  arrangement  (9),  or  to  automatic  35 
control  devices.  Figure  3  shows  a  simple  joystick 
unit  as  used  for  this  application.  The  joystick  (1  9) 
is  mounted  on  a  triangular  base  (20)  by  a  ball 
joint,  allowing  it  to  rock  in  two  planes.  Attached 
at  the  joystick  midpoint  are  the  three  bowden  ca-  40 
ble  inner  wires  (21)  which  lead  to  the  three  cor- 
ners  of  the  base,  where  the  outer  tubes  (22)  of  the 
Bowden  cables  are  terminated. 

Adjusters  (23)  allow  for  fine  adjustment  of  the 
cable  lengths.  The  wires  (21)  form  a  triangular  4$ 
pyramid,  and  movement  of  the  joystick  in  any  di- 
rection  varies  the  length  of  each  of  the  former  dif- 
ferently  to  provide  the  necessary  linear  input  to 
each  tendon  wire  at  the  device.  The  nozzle  is  able 
to  sweep  a  hemispherical  area  about  the  fixed  end  so 
of  the  hose.  The  nozzle  will  be  automatically  dri- 
ven  to  the  defined  position,  to  an  accuracy  de- 
fined  by  any  differential  piston  valve  displacement 
required  to  achieve  steering  jet  equilibrium  at  that 
position.  Any  force  at  the  nozzle  tending  to  de-  55 
fleet  it  from  the  desired  position  will  be  automati- 
cally  detected  by  changes  in  perceived  tendon 
length,  and  the  intensities  of  the  three  steering 
jets  will  be  adjusted  to  a  new  equilibrium  resisting 
the  disturbing  force.  60 

The  device  will  detect  and  feed  back  to  the  re- 
mote  control  joystick  the  existence  of  obstacles  to 
it  reaching  the  desired  position.  Because  of  the 
high  speed  of  response  to  control  inputs,  the  po- 
sition,  angle  and  velocity  of  the  nozzle  carrier  65 

body  is  proportional  to  the  deflection  and  rate  of 
movement  of  the  joystick.  If  the  moving  end  of  the 
device  encounters  an  immovable  obstruction,  it 
will  not  be  possible  to  move  the  joystick  further  in 
that  direction  if  the  full  steering  jet  control  valve 
stroke  has  been  taken  up.  With  an  all-mechanical 
Bowden  cable  control  link,  this  provides  an  auto- 
matic  tactile  force  feedback  of  obstructions  to 
angular  deflection  of  the  nozzle. 

Reaction  thrust  from  the  cutting  jet  may  be  op- 
posed  by  fixed  balancer  jets.  One  arrangement 
would  be  to  arrange  the  latter  to  resist,  say,  80% 
of  thrust.  The  three  steering  jets  are  now  angled 
backwards,  say  by  30°  towards  the  fixed  end  of  the 
nose.  By  collective  movement  of  all  three  ten- 
dons,  the  total  intensity  of  the  steering  jets  may  be 
varied  to  give,  say,  a  variation  of  1  0%  to  30%  of 
cutting  jet  thrust.  Thus  total  overall  balancing 
thrust  is  adjustable  from  90%  to  110%  of  cutting 
jet  thrust,  and  a  nozzle  «forward  and  reverse»  con- 
trol  is  achieved.  Alternatively  the  steering  jets 
(1  2)  may  be  used  in  a  direction  at  right  angles  to 
the  cutting  jet  (1  1  )  and  a  separate  jet  nozzle  (17) 
used  which  provides  a  foward  thrust  (see  figure 
2). 

In  order  to  economically  mine  extensive  ca- 
verns,  additional  flexible  sections  of  hose  may  be 
connected  in  series,  each  independently  con- 
trolled  by  it  own  se  tof  nozzles  and  tendons.  If 
desired,  the  flexible  sections  may  be  connected  by 
rigid  lengths.  In  this  case,  the  relevant  control  jets 
should  be  situated  at  the  outer  end  of  the  rigid 
section. 

If  a  separate  steering  jet  supply  is  provided, 
such  as  by  a  coaxial  hose,  the  nozzle  may  function 
as  a  movable  suction  head  with  the  main  passage 
connected  to  a  jet  pump  or  similar  means. 

Further  possible  modes  of  use  of  the  device  are 
described  below. 

The  device  may  be  used  to  form  a  flexible  mani- 
pulator  arm  for  submersible  craft,  remotely  oper- 
ated  vehicles,  or  robot  devices  both  subsea  and 
onshore. 

In  one  embodiment,  the  cutting  jet  of  the  de- 
vice  may  be  replaced  by  fitting  an  end  effector  or 
gripper  to  the  nozzle  body.  The  flexible  inexten- 
sible  hose  section  is  inflated  with  fluid,  for  exam- 
ple  water  or  compressed  air,  to  form  a  flexible 
strut  to  carry  the  nozzle  body  and  gripper  as- 
sembly.  The  position  of  the  nozzle  body  and 
gripper,  relative  to  the  fixed  end  is  controlled  as 
described  above  with  the  steering  jets  driving  the 
overall  tube  curvature  to  that  defined  by  the  linear 
extensions  of  the  three  tendons. 

Positional  accuracy  may  be  increased  by  re- 
placing  the  piston  valves  shown  with  other  valves 
of  «dead-beat»  geometry,  such  as  poppet  valves. 
The  initial  rate  of  opening  of  these  valves  is  much 
higher  with  respect  to  any  given  amount  of  ten- 
don  extension  «error»  signal.  This  will  result  in 
much  smaller  valve  position  and  tendon  extension 
«offsets»  when  the  steering  jets  reach  equilibrium, 
giving  a  smaller  difference  between  the  actual, 
and  desired  equilibrium  positions.  The  valves  and 
steering  jets  will  also  react  more  rapidly  to  any 
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force  tending  to  disturb  the  gripper  from  its  de- 
sired  position.  For  instance,  an  ojbect  picked  up 
by  the  gripper  will  transfer  its  weight  to  the  device 
«arm»,  the  steering  jets  automatically  sensing  and 
compensating  for  the  new  force.  5 

As  with  similar  control  systems,  mechanical, 
electrical,  or  hydraulic,  a  balance  between  valve 
sensitivity  and  self-oscillation  will  limit  the  ulti- 
mate  amount  of  positional  precision  available. 

The  end  effector,  or  gripper,  may  be  itself  multi-  w 
functional,  for  example  having  «wirst  rotation))  in 
addition  to  grip.  These  functions  may  be  con- 
trolled  by  mechanical  or  electrical  or  other  ca- 
bles  passing  through  the  bore  of  the  flexible  hose 
and  may  be  powered  by  the  pressurised  working  is 
fluid  contained  in  the  hose. 

Two  or  more  active  device  sections  may  be 
connected  in  series,  with  separate  control  for  each 
section.  This  will  give  true  6-axis  rotation  and 
translation  capability  to  the  gripper  and  end  body.  20 

A  typical  non-submerged  robotic  manipulator 
application  would  be  as  a  paint-spraying  «arm». 
The  paint  spray  device  would  be  mounted  on  the 
nozzle  body,  deriving  its  air  supply  from  the 
«working»  air  inside  the  flexible  hose,  which  also  25 
powers  the  steering  jets. 

In  the  embodiments  described  above,  the  ten- 
don  wire  positions  are  controlled  from  the  remote 
joystick  unit  by  incorporating  them  as  extensions 
of  Bowden  cables.  For  embodiments  where  this  30 
control  must  be  over  a  distance  in  excess  of,  say,  5 
metres,  mechanical  friction  in  the  Bowden  cables 
will  inhibit  proper  control.  In  this  case,  the  Bow- 
den  cables  may  be  replaced  by  electric,  hydraulic, 
or  pneumatic  linear  positioners  controlled  re-  35 
motely  from  a  joystick  unit  or  software-driven 
control  unit.  Full  positional  feedback  from  posi- 
tioner  to  joystick  is  essential.  Ideally,  force  feed- 
back  is  also  essential  due  to  the  obstacle-detect- 
ing  quality  of  the  servo-snake  control  method,  40 
which  would  otherwise  be  lost. 

A  simple,  low  pressure,  hydraulic  «umbilical» 
system  is  illustrated  in  figure  4.  For  simplicity,  one 
tendon  «channel»  only  is  shown,  a  total  of  three 
being  required  to  control  the  three  tendons  per  A5 
device  section.  A  joystick  (24)  is  mounted  on  a 
ball-joint  (25),  and  connected  to  a  low  pressure 
hydraulic  cylinder  (26).  The  pressure  side  of  the 
piston  is  connected  by  the  umbilical  line  (27) 
which  may  be  up  to  a  hundred  metres  long,  to  the  50 
pressure  side  of  the  slave  cylinder  (29)  located  at 
the  fixed  (reference)  end  of  the  device.  The  slave 
cylinder  (29)  controls  the  length  of  tendon  wire 
(30),  which  is  under  tension. 

The  other  sides  of  the  joystick  and  slave  cy-  55 
linder  pistons  are  connected  by  the  common  re- 
turn  line  (28)  to  complete  the  hydraulic  circuit. 

Movement  of  the  joystick  (24)  will  cause  its  cy- 
linder  piston  to  move,  displacing  fluid,  and  caus- 
ing  the  slave  cylinder  to  follow,  moving  the  ten-  so 
don  wire  to  a  new  position.  The  force  needed  to 
move  the  tendon  wire  will  be  felt  at  the  joystick. 

Since  the  fluid  in  the  signal  side  of  the  circuit 
(27)  should  always  be  pressurised  by  the  tendon 
wire  tension,  any  leakage  in  the  cylinders  will  65 

cause  the  slave  cylinder  piston  to  move  down- 
wards,  losing  its  relationship  to  the  position  of 
that  in  the  joystick  cylinder.  If  the  umbilical  pipes 
(27)  and  (28)  are  of  significant  length,  thermal 
expansion  or  contraction  of  the  fluid  or  pipes  may 
also  upset  the  relationship. 

Both  sides  of  the  circuit  are  connected  to  re- 
serve  tank  (33)  via  vacuum  breaker  valves  (31  ) 
and  relief  valves  (32). 

Any  mismatch  of  the  cylinder  positions  may  be 
reset  periodically  from  the  joystick  unit  without 
access  to  the  remote  slave  cylinder  location.  As- 
suming  that  the  slave  piston  is  displaced  down- 
wards  to,  say,  the  25%  travel  position,  the  reset 
process  occurs  as  follows,  (a)  the  joystick  cy- 
linder  is  moved  towards  its  full  extension  posi- 
tion,  (b)  because  of  the  positional  mismatch,  the 
slave  piston  will  reach  the  end  of  tis  stroke  whilst 
the  joystick  cylinder  is  still  at  25%.  This  will  be 
sensed  by  an  increase  in  force  required  to  move 
the  joystick.  For  diagnostic  purposes,  the  degree 
of  mismatch  may  be  deduced  from  the  amount  of 
joystick  deflection  at  this  point,  (c).  When  the 
slave  cylinder  end  point  is  sensed,  reset  valve  (34) 
is  opened,  allowing  fluid  to  transfer  from  left  to 
right  of  the  joystick  cylinder  piston,  and  permit- 
ting  it  to  reach  the  end  of  its  travel.  Both  cylinders 
are  now  at  their  reference  position,  and  (d)  Nor- 
mal  operation  is  resumed  by  closing  the  reset 
valve  (34)  and  returning  the  joystick  cylinder  to 
its  working  position,  which  will  cause  the  slave 
cylinder  and  tendon  wire  to  follow. 

During  normal  and  reset  operations  any  loss  of 
fluid  from  the  control  loop  will  be  made  up  from 
the  reserve  tank  via  the  vacuum  breaker  valves. 

Normal  system  pressure  would  be  below  1  0  bar 
but  excessive  force  on  the  joystick,  or  abnormal 
loading  on  the  tendon  wire  might  exceed  this. 
Overpressure  in  either  line  is  protected  against  by 
the  relief  valves  (32),  which  return  fluid  to  the 
reserve  tank.  Since  loss  of  fluid  by  relief  from 
either  side  of  the  control  loop  will  cause  a  mis- 
match,  opening  of  a  relief  valve  will  be  made  to 
cause  an  indication  at  the  joystick  unit  that  a  reset 
operation  is  necessary. 

A  pratical  system  will  have  three  loops  as  de- 
scribed,  one  for  each  tendon.  For  reasons  of  cost, 
simplicity,  etc.,  the  three  return  sides  of  the  loops 
(28)  may  be  connected  to  a  single  line  as  indi- 
cated  at  (35).  Only  four  hoses  are  thus  required  to 
provide  the  three  independent  channels  of  con- 
trol.  A  total  of  four  pairs  of  valves  (31  )  and  (32) 
are  required. 

During  normal  operation,  the  three  joystick  cy- 
linder  extensions  change  independently  to  trans- 
mit  the  three  position  signals  to  the  tendons.  A 
reset  process  requires  that  all  three  joystick  cylin- 
ders  are  simultaneously  moved  to  their  reference 
positions.  This  may  be  done  by  releasing  mechan- 
ical  lock  (36),  allowing  the  stick  itself  to  be  slid 
vertically  downards  through  the  ball  joint  until  all 
three  cylinders  reach  their  full  extension.  The 
three  reset  valves  (34)  would  be  ganged  together 
to  simplify  operation. 

If  the  vertical  length  of  the  stick  lower  half  is 
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member  is  a  flexible  inextensible  hose,  a  system  of 
bellows  or  convoluted  tubing. 

8.  A  manipulative  device  according  to  claim  7  in 
which  the  tendons  are  located  by  guide  rings  (7) 
or  tube  on  the  periphery  of  the  flexible,  inexten- 
sible  hose. 

9.  A  manipulative  device  according  to  any  of 
the  preceding  claims  having  means  for  remote 
operation  of  the  tendons  comprising  a  joystick 
system  (20). 

10.  A  manipulative  device  according  to  any  of 
claims  1  to  8  having  means  for  remote  operation 
comprising  electric,  hydraulic  or  pneumatic  linear 
positioners  controllable  remotely  from  a  joystick 
(1  9),  unit  or  a  software  driven  control  unit. 

11.  A  manipulative  device  according  to  any  of 
the  preceding  claims  in  which  the  fluid  control- 
ling  means  are  valves. 

12.  A  manipulative  device  according  to  any  of 
the  preceding  claims  in  which  the  ejected  fluid  is 
air  or  comprises  water. 

1  3.  A  manipulative  device  according  to  claim  7 
in  which  the  flexible  elongate  member  comprises 
a  plurality  of  flexible  sections,  each  of  which  is 
capable  of  separate  control  by  nozzles  and 
tendons. 

14.  A  cutting  nozzle  capable  of  remote  oper- 
ation  in  combination  with  a  manipulative  device 
according  to  any  of  the  preceding  claims. 

Patentanspr i iche  
1.  Fernbetatigbare  Manipuliereinrichtung,  mit 

einem  Diisenkopf  (1  ),  der  eine  oder  mehrere  Du- 
sen  (5,  43)  zum  Ausdusen  eines  Fluidstroms  mit 
einer  zur  Achse  des  Dusenkopfes  rechtwinkligen 
Komponente  aufweist,  wobei  der  Dusenkopf 
durch  ein  flexibles  langliches  Teil  (2)  mit  einem 
Referenzpunkt  verbindbar  ist,  mit  einer  Einrich- 
tung  (15)  zum  Steuern  von  Fluidstrom  durch  die 
Dusen,  wobei  die  Einrichtung  durch  Strange  (16) 
betatigbar  ist,  welche  in  der  Lage  sind,  der  Krum- 
mung  des  flexiblen  langlichen  Teils  zu  folgen, 
wodurch  bei  Betrieb  das  raumliche  Positionieren 
des  Dusenkopfes  durch  differenzierte  Fernbetati- 
gung  der  Strange  durchfiihrbar  ist. 

2.  Manipuliereinrichtung  nach  Anspruch  1,  mit 
mehrerengleich  beabstandeten  Dusen  (5). 

3.  Manipuliereinrichtung  nach  Anspruch  1,  mit 
einer  einzigen  Umfangsduse  (43). 

4.  Manipuliereinrichtung  nach  Anspruch  3,  bei 
der  die  einzig  Umfangsduse  (43)  eine  erste  kegel- 
formige  Sektion  (41)  und  eine  zweite  kegelfor- 
mige  Sektion  (42)  aufweist,  wobei  die  erste  Sek- 
tion  zur  Bildung  eines  umfangsmassigen  Fluid- 
auslasses  auf  der  zweiten  Sektion  schwimmen 
kann. 

5.  Manipuliereinrichtung  nach  einem  der  An- 
spriiche  1  bis  4,  bei  der  die  Diise  oder  Dusen  eine 
Geschwindigkeitskomponente  aufweisen,  die 
translatorische  Bewegung  des  Dusenkopfes 
erlaubt. 

6.  Manipuliereinrichtung  nach  einem  der  An- 
spriiche  1  bis  4,  mit  separaten  Mitteln  zur  transla- 
torischen  Bewegung. 

7.  Manipuliereinrichtung  nach  einem  der  vor- 

controlled  by  a  mechanical  device  such  as  a  pneu- 
matic  cylinder,  the  reset  operation  may  be  made  to 
occur  automatically  when  a  mismatch  or  relief  is 
detected. 

The  system  described  provides  a  low  cost  link  5 
between  joystick  and  tendon  wires,  with  min- 
imum  friction  and  full  position  and  force 
feedback. 

Figure  5  shows  a  conceptual  approach  to  bore- 
hole  mining  which  uses  carrier  devices  according  ?o 
to  the  present  invention.  A  well  bore  section  37 
communicates  with  the  cavern  38  and  there  are 
carrier  devices  having  a  controllable  steerable 
spoil  suction  head  39  and  a  steerable  cutting  head 
40.  The  cutting  head  40  displaces,  say,  minerals  is 
from  the  formation,  the  spoil  being  collected  by 
the  suction  head  39. 

Figure  6  shows  an  alternative  form  of  nozzle 
head  having  a  single  circumferential  fluid  outlet. 
The  nozzle  head  comprises  a  first  cone  shaped  20 
section  41  and  a  second  cone  shaped  section  42, 
the  first  section  41  being  capable  of  'floating'  on 
the  second  section  42  so  as  to  form  a  circumfe- 
rential  outlet  43.  Displacement  of  the  first  floating 
section  relative  to  the  fixed  second  section  by  the  -5 
tendon  44  (one  of  three  tendons  arranged  around 
the  hose)  passing  through  guide  rings  46  on  the 
hose  47  given  an  asymmetric  configuration  to  the 
fluid  jet  giving  rise  to  the  spatial  displacement  of 
the  nozzle  head.  The  particular  embodiment  30 
shown  also  has  a  cutting  nozzle  45. 

Claims 
1.  A  manipulative  device  capable  of  remote 

operation  comprising  a  nozzle  head  (1)  having  35 
one  or  more  nozzles  (52,  43)  adapted  to  eject  a 
fluid  stream  having  a  component  at  right  angles 
to  the  axis  of  the  nozzle  head,  the  nozzle  head  be- 
ing  connectable  by  a  flexible  elongate  member 
(2)  to  a  reference  point,  a  means  (1  5)  for  control-  -to 
ling  fluid  flow  through  the  nozzles,  trie  means  be- 
ing  capable  of  operation  by  tendons  (1  6)  adapted 
to  follow  the  curvature  of  the  flexible  elongate 
member  whereby,  in  use,  remote  differential  oper- 
ation  of  the  tendons  enables  spatial  positioning  of  45 
the  nozzle  head. 

2.  A  manipulative  device  according  to  claim  1 
having  a  plurality  of  equally  spaced  nozzles  (5). 

3.  A  manipulative  device  according  to  claim  1 
having  a  single  circumferential  nozzle  (43)  .  so 

4.  A  manipulative  device  according  to  claim  3  in 
which  the  single  circumferential  nozzle  (43)  com- 
prises  a  first  cone  shaped  section  (40)  and  a  sec- 
ond  cone  shaped  section  (42),  the  first  section 
being  capable  of  floating  on  the  second  section  to  ss 
form  a  circumferential  fluid  outlet. 

5.  A  manipulative  device  according  to  any  of 
claims  1  to  4  in  which  the  nozzle  or  nozzles  have  a 
component  of  velocity  enabling  translational 
movement  of  the  nozzle  head.  60 

6.  A  manipulative  device  according  to  claims  1 
to  4  having  separate  means  for  translational 
movement. 

7.  A  manipulative  device  according  to  any  of 
the  preceding  claims  in  whic  the  flexible  elongate  65 
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hergehenden  Anspriiche,  bei  der  das  flexible 
langliche  Teil  ein  flexibler,  nichtdehnbarer 
Schlauch,  ein  Balgsystem  oder  ein  gewickeltes 
Rohr  ist. 

8.  Manipuliereinrichtung  nach  Anspruch  7,  bei  5 
der  die  Strange  durch  Fuhrungsringe  (7)  oder  ei- 
nen  Tubus  am  Umfang  des  flexiblen,  nichtdehn- 
baren  Schlauches  gehalten  sind. 

9.  Manipuliereinrichtung  nach  einem  der  vor- 
hergehenden  Anspruche,  mit  Mitteln  zur  Fernbe-  '° 
tatigung  der  Strange,  die  mit  einem  Steuerkniip- 
pelsystem  (20)  versehen  sind. 

10.  Manipuliereinrichtung  nach  einem  der  An- 
spruche  1  bis  8,  mit  Mitteln  zur  Fernbetatigung, 
die  mit  elektrischen,  hydraulischen  oder  pneuma-  ?s 
tischen  linearen  Positioniereinrichtungen  verse- 
hen  sind,  welche  von  einer  Steuerkniippeleinheit 
(19)  oder  einer  software-gesteuerten  Steuerein- 
heit  fernsteuerbar  sind. 

1  1  .  Manipuliereinrichtung  nach  einem  der  vor-  20 
hergehenden  Anspruche,  bei  der  die  Fluidsteuer- 
mittel  Ventilesind. 

12.  Manipuliereinrichtung  nach  einem  der  vor- 
hergehenden  Anspruche,  bei  der  das  ausgeduste 
Fluid  Luft  ist  oder  Wasser  aufweist.  25 

13.  Manipuliereinrichtung  nach  Anspruch  7, 
bei  der  das  flexible  langliche  Teil  mehrere  flexible 
Abschnitte  aufweist,  von  denen  jeder  durch  Du- 
sen  und  Strange  separat  steuerbar  ist. 

14.  Fernbetatigbare  Schneidduse  in  Kombina-  30 
tion  mit  einer  Manipuliereinrichtung  nach  jedem 
der  vorhergehenden  Anspruche. 

Revendications 
1  .  Dispositif  de  manipulation  destine  a  etre  35 

commande  a  distance  et  comprenant  une  tete  a 
tuyere  (1  )  ayant  une  ou  plusieurs  tuyeres  (5,  43) 
destinees  a  ejecter  un  courant  de  fluide  ayant  une 
composante  perpendiculaire,  a  I'axe  de  la  tete  a 
tuyere,  la  tete  a  tuyere  etant  destinee  a  etre  con-  ■»" 
nectee  par  un  organe  souple  allonge  (2),  a  un  em- 
placement  de  reference,  a  un  dispositif  (1  5)  de  re- 
glage  du  courant  de  fluide  circulant  dans  les  tuye- 
res,  le  dispositif  pouvant  etre  manoeuvre  par  des 
tendons  (1  6)  destines  a  suivre  la  courbure  de  1'or-  & 
gane  souple  allonge  si  bien  que,  pendant  ('utilisa- 
tion,  la  manoeuvre  differentielle  a  distance  des 
tendons  permet  un  positionnement  de  la  tete  a 
tuyere  dans  I'espace. 

2.  Appareil  de  manipulation  selon  la  revendica-  50 
tion  1,  comportant  plusieurs  tuyeres  (5)  regulie- 
rement  espacees. 

3.  Appareil  de  manipulation  selon  la  revendica- 
tion  1,  ayant  une  seule  tuyere  circonferentielle 
(43).  "  55 

4.  Appareil  de  manipulation  selon  la  revendica- 
tion  3,  dans  lequel  la  tuyere  circonferentielle  uni- 
que  (43)  comprend  un  premier  trongon  conique 
(41)  et  un  second  trongon  conique  (42),  le  pre- 
mier  trongon  pouvant  flotter  sur  le  second  tron- 
gon  afin  qu'il  forme  une  sortie  circonferentielle  de 
fluide. 

5.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  1  a  4,  dans  lequel  la 
tuyere  ou  les  tuyeres  ont  une  composante  de  vi- 
tesse  permettant  le  deplacement  de  la  tete  a  tuyere 
en  translation. 

6.  Dispositif  de  manipulation  selon  I'une  quel- 
conque  des  revendications  1  a  4,  ayant  des  dispo- 
sitifs  separes  de  deplacement  en  translation. 

7.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  precedentes,  dans  le- 
quel  I'organe  souple  allonge  est  une  tuyauterie 
souple  inextensible,  un  circuit  a  soufflets  ou  un 
tubeondule. 

8.  Appareil  de  manipulation  selon  la  revendica- 
tion  7,  dans  lequel  les  tendons  sont  positionnes 
par  des  anneaux  de  guidage  (7)  ou  un  tube  de 
guidage  place  a  la  peripherie  de  la  tuyauterie 
souple  inextensible. 

9.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  precedentes,  compor- 
tant  un  dispositif  de  commande  a  distance  des 
tendons  qui  comprend  un  ensemble  a  manette  de 
commande  (20). 

10.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  1  a  8,  comportant  un 
dispositif  de  commande  a  distance  qui  comprend 
des  organes  electriques,  hydrauliques  ou  pneu- 
matiques  de  positionnement  lineaire  destines  a 
etre  commandes  a  distance  par  un  ensemble  a 
manette  de  commande  (19)  ou  un  ensemble  de 
commande  pilote  par  un  logiciel. 

11.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  precedentes,  dans  le- 
quel  le  dispositif  de  commande  par  un  fluide  est 
constitue  par  des  soupapes. 

12.  Appareil  de  manipulation  selon  I'une  quel- 
conque  des  revendications  precedentes,  dans  le- 
quel  le  fluide  ejecte  est  I'air  ou  contient  de  I'eau. 

13.  Appareil  de  manipulation  selon  la  revendi- 
cation  7  dans  lequel  I'organe  souple  allonge  com- 
porte  plusieurs  trongons  souples  capables  d'etre 
commandes  separement  par  des  tuyeres  et  des 
tendons. 

1  4.  Tuyere  de  coupe  capable  d'etre  commandee 
a  distance,  en  combinaison  avec  un  appareil  de 
manipulation  selon  I'une  quelconque  des  reven- 
dications  precedentes. 
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