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Description 

The  present  invention  is  directed  to  both  apparatus  and  a  method  for  forming  a  fixed  collar  of 
lightweight  composite  material  on  a  rotatable  shaft  with  the  collar  having  embedded  in  it  telemetry 

5  apparatus  for  providing  transmission  of  measured  signals  without  a  mechanical  interface. 
A  number  of  techniques  are  available  to  transmit  signals  from  a  rotatable  machine  shaft  to  a  stationary 

receiver  located  adjacent  to  the  shaft.  These  techniques  include  radio  frequency  telemetry,  induction  power 
and  signal  telemetry,  the  use  of  slip  rings,  and  optical  telemetry  using  photovoltaic  power  and  infrared 
signal  telemetry.  Each  of  these  techniques  requires  that  a  mechanical  attachment  in  the  form  of  a  collar 

io  must  be  made  between  the  telemetry  components  and  the  rotating  shaft. 
Various  methods  have  been  used  to  attach  the  telemetry  system  to  a  high  speed  shaft  which  include 

the  use  of  machined  one  half  cylindrical  structures  which  are  then  bolted  to  a  high  speed  shaft.  This 
technique  is  largely  unsuccessful  due  to  the  relatively  high  mass  of  the  structure  which  creates  significant 
bolt  stress  at  speed.  Potential  bolt  failure  and  catastrophic  clamp  failure  can  result  from  machine  overspeed 

75  or  unknown  fatigue  characteristics.  An  infinite  variety  of  machine  shaft  diameters  requires  that  each 
structure  must  be  custom  machined  to  fit  a  particular  shaft.  This  is  a  costly  process. 

Other  attempts  to  attach  systems  to  the  shaft  use  an  intermediate  assembly  which  replaces  the 
machine  coupling  with  the  telemetry  coupling  device.  Typically  these  devices  are  not  suitable  for  transfer- 
ring  the  high  torque  loads  associated  with  industrial  machinery. 

20  DE-A-3,51  2,824  describes  an  arrangement  where  a  circular  disk  installed  on  a  rotating  shaft  contains 
several  secondary  coil  windings  so  that  power  is  transferred  to  them  by  transformer  action  from  a  stationary 
primary  winding.  The  disk  which  is  connected  to  the  shaft  is  made  of  a  fibre  glass  reinforced  synthetic.  The 
disk  consists  of  two  parts  connected  to  the  shaft  by  screws,  connection  strips  and  clamps.  Infrared  diodes 
mounted  on  the  disk  transfer  data  to  a  stationary  receiver. 

25  US-A-4,278,323  is  concerned  with  an  optical  fibre  slip  ring  which  is  carried  by  a  rotatable  drum.  The 
optical  fibre  slip  ring  may  be  in  the  form  of  an  optical  waveguide  which  may  be  a  rigid  fibre  optic  bundle  or 
rigid  plastic  resin  optic  ring.  Photodiodes  or  light  emitting  diodes  are  embedded  in  the  optic  fibre  slip  ring 
and  light  pulses  are  transmitted  across  the  gap  to  an  optic  fibre  block.  The  ring  can  be  joined  together  by 
an  epoxy  adhesive  on  the  shaft.  The  photodiodes  or  light  emitting  diodes  are  each  connected  by  a  separate 

30  wire  lead  to  a  tubular  hollow  spindle  for  connection  to  a  fixed  electronic  communication  device  which  is 
fixed. 

Additional  problems  are  unique  to  optical  telemetry  systems.  These  systems  require  the  use  of 
windows  to  allow  power  and  data  transmsision.  Typically,  these  windows  are  made  by  using  glass  or  clear 
plastic  which  often  fail  in  service  due  to  poor  strength.  In  other  designs  the  shaft  is  modified  to  provide 

35  cavities  for  the  microelectronic  components  and  optical  devices  which  are  then  epoxied  into  place.  This 
results  in  stress  concentrations  and  possible  shaft  failure. 

In  every  case,  the  telemetry  system  is  difficult  to  install,  expensive  to  fabricate,  mechanically  unreliable 
and  often  results  in  reduced  strength  and  reliability  of  the  rotor  system. 

Advantageously,  a  preferred  embodiment  of  the  present  invention  provides  an  improved  mounting  for 
40  telemetry  apparatus  on  a  rotating  machine  shaft. 

Advantageously,  a  preferred  embodiment  of  the  present  invention  provides  a  safe,  highly  reliable,  low 
cost  design  for  the  foregoing  which  does  not  sacrifice  rotor  structural  integrity. 

As  a  further  advantage,  a  preferred  embodiment  of  the  present  invention  provides  apparatus  and  a 
method  as  above  which  can  be  used  on  a  wide  variety  of  shaft  diameters  with  no  expensive  machining 

45  operations. 
In  accordance  with  the  above  advantages  there  is  provided  a  process  for  forming  a  fixed  collar  of 

lightweight  composite  material  on  a  rotatable  shaft.the  collar  having  embedded  in  it  telemetry  apparatus  for 
transmitting  measured  signals  from  the  rotating  shaft  to  a  stationary  receiver  without  a  mechanical  interface. 
The  process  comprises  the  steps  of  forming  a  collar  by  circumferentially  placing  a  composite  material 

50  around  the  shaft  which  is  resistant  to  centrifugal  forces  due  to  rotation  of  the  shaft.  Telemetry  apparatus  is 
embedded  in  the  collar  which  includes  infrared  emitters  for  transmitting  the  measured  signals  by  infrared 
data.  The  material  overlaying  the  infrared  emitters  provides  sufficient  transparency  for  the  transmission  of 
the  infrared  data. 

From  a  general  standpoint  the  invention  is  also  applicable  to  non-optical  electromagnetic  techniques. 
55  Fig.  1  is  a  block  diagram  showing  a  telemetry  system  which  can  utilize  the  present  invention. 

Fig.  2  is  a  simplified  plan  view  of  the  optical  portion  of  the  telemetry  of  Fig.  1. 
Fig.  3  is  a  partial  cross  sectional  view  of  a  shaft,  along  with  associated  components  of  the  stationary 

receiver,  showing  how  the  collar  of  the  present  invention  is  mounted  on  the  shaft. 
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Fig.  4  is  a  cross  sectional  view  in  more  detailed  form  of  a  portion  of  Fig.  3. 
Fig.  5  is  a  plan  view  partially  cut  away  and  simplified,  taken  along  the  line  5-5  of  Fig.  4. 
Fig.  1  illustrates  in  block  diagram  form  a  typical  telemetry  system  where  a  portion  of  14  termed  "the 

rotating  system"  is  mounted  on  a  rotating  shaft  and  the  stationary  or  fixed  system  16  receives  the  data 
5  signals  from  the  rotating  system  carrying  information  such  as  torque,  etc. 

In  rotating  system  14  a  strain  gauge  18  produces  an  analog  signal  amplified  by  an  instrumentation 
amplifier  36  to  provide  an  analog  input  37  to  an  analog  to  digital  converter  38.  This  converter  is  responsive 
to  start  and  send  signals  on  its  input  line  39  to  provide  a  binary  data  serial  output  on  line  45  which,  via  logic 
unit  40,  drives  infrared  light  emitting  diodes  28a  and  28b.  Start  and  send  signals  on  line  39  are  provided  by 

io  the  phototransistors  29a  and  29b. 
To  power  all  the  foregoing  instrumentation  the  photocells  23  are  illuminated  by  the  light  32  during  at 

least  a  pertinent  portion  of  its  rotation  while  data  is  being  transferred. 
In  stationary  system  16  the  telemetry  is  completed  with  the  transmitting  light  emitting  diodes  41  and  the 

receiving  infrared  phototransistors  42.  Diodes  41  are  powered  continuously  via  the  power  supply  43  and  the 
is  switch  44.  Data  is  received  by  the  phototransistors  42  and  coupled  to  a  serial  to  parallel  converter  46  and 

frequency  to  voltage  converter  47.  A  series  of  data  manipulations  is  accomplished  by  the  multiplying  digital 
to  analog  converters  48.  A  display  of  torque,  horsepower  and  revolutions  per  minute  at  49  is  provided.  All  of 
these  outputs  are  also  coupled  to  an  interface  unit  51  for  transmission  to  other  monitors  or  plant/facility 
computer. 

20  Fig.  2  fully  illustrates  the  communications  between  the  stationary  system  16  and  the  rotating  system  14. 
At  least  the  optical  transmission  portions  are  illustrated.  The  infrared  light  emitting  diodes  are  shown  as 
solid  dots  and  the  phototransistors  as  small  circles.  The  arrows  between  the  stationary  assembly  and 
moving  assembly  show  the  respective  transmission  of  data  or  "handshaking"  which  must  occur  between 
the  two  assemblies  for  an  effective  transmission  of  measured  signals  from  the  rotating  shaft  to  the 

25  stationary  receiver. 
Further  details  of  the  operation  of  the  telemetry  system  as  thus  far  described  are  fully  disclosed  and 

claimed  in  co-pending  European  Patent  Application  No.  88304379.6  (Publication  No.  0,291,344)  entitled 
"Wireless  Data  Coupling  System".  The  system  described  has  a  rotating  electronics  collar  on  the  shaft  of  a 
motor,  for  example,  where  data  from  a  strain  gauge  on  this  shaft  is  transmitted  by  infrared  data  pulses  to  a 

30  stationary  receiver  to,  for  example,  indicate  torque.  The  collar  on  the  shaft  which  retains  the  appropriate 
circuitry  is  constructed  of  aluminium  and  includes  an  interior  U-shaped  slot  for  retaining  a  printed  circuit 
board  and  another  exterior  portion  which  carries  photo  cells  for  receiving  light  energy  and  thus  powering  the 
rotating  electronics. 

The  cross  sectional  view  of  Fig.  3  illustrates  the  actual  collar  22  of  the  present  invention  as  it  would  be 
35  installed  on  a  hollow  shaft  10  having  an  axis  of  rotation  indicated  at  30  in  the  direction  indicated  by  the 

arrow  53.  A  base  20  supports  the  stationary  light  assembly  31  with  phototransistors  and  infrared  light 
emitting  diodes  (LED)  41,  42.  A  protective  cylindrical  cover  11  is  provided.  Base  20  is  in  an  arcuate  curved 
shaped  to  match  the  curvature  of  the  shaft  and  the  rotating  collar  22.  Embedded  in  this  collar  of  composite 
material  is  a  first  telemetry  portion  28a,  28b,  and  29a,  29b,  which  transmits  data  to  the  stationary  assembly 

40  31  .  The  remaining  portions  of  the  associated  circuit  board  have  been  eliminated  for  simplicity. 
Then  a  second  portion  of  the  embedded  telemetry  apparatus  are  the  photocells  23,  which  receive  the 

light  energy  from  source  32.  As  will  be  discussed  below,  the  composite  material  retains  these  two  telemetry 
portions,  protecting  them,  and  allowing  them  to  resist  the  centrifugal  forces  associated  with  shaft  rotation.  At 
the  same  time,  the  material  overlaying  these  telemetry  portions  is  sufficiently  transparent  to  allow  either 

45  data  transfer  or  transfer  of  energy  for  powering  purposes,  whichever  is  the  case. 
Now  referring  to  Fig.  4,  the  infrared  light  transmitting  and  receiving  portions  28,  29  of  the  rotating 

system  are  usually  part  of  the  overall  rotating  system  circuit  14  (as  illustrated  fully  in  Fig.  1),  which  includes 
the  printed  circuit  board  56  on  which  various  integrated  circuit  components  57  are  arranged,  along  with 
connecting  circuitry.  Of  course,  the  board  56  would  be  electrically  connected,  as  illustrated  in  Fig.  1.  to  the 

50  strain  gauge  18  (not  shown  in  Fig.  4)  which  is  affixed  directly  to  the  shaft  10,  and  to  the  photocell  array  23. 
The  connecting  wires  are  easily  embedded  in  collar  22  at  the  same  time  as  the  circuit  board  56  and  the 
photocells  23. 

The  process  for  forming  the  collar  of  Fig.  4  is  typically  as  follows.  First,  there  is  wound  circumferentially 
around  the  shaft  composite  material,  such  as  unidirectional  E  fiberglass  filament  preimpregnated  tape.  Such 

55  tape  is  available  from,  for  example,  3M  Corporation  and  may  have  a  dimension  of  7.6cm  (3")  width  and 
0.02cm  (9  mils)  thickness.  Several  layers  are  wrapped  around  the  shaft  to  create  a  thickness  at  least  equal 
to  that  of  the  maximum  thickness  of  one  of  the  circuit  components  57  of  the  PC  board  56.  This  provides  a 
sufficient  standoff  for  the  electronic  components. 
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Next,  a  cavity  is  cut  into  the  above  to  accommodate  the  telemetry  apparatus  which  includes  the  printed 
board  56  and  the  photocells  23.  Fig.  5  illustrates  the  foregoing  where  a  cavity  58  accommodates  the  board 
56  with  the  components  57.  Then,  by  the  use  of  epoxy  or  other  suitable  adhesive  at  59,  the  telemetry 
apparatus  is  cemented  into  the  collar  22.  The  view  of  Fig.  5,  of  course,  shows  the  process  looking  from  the 

5  inside  of  the  shaft  10  with  the  shaft  of  course  broken  away. 
After  embedding  or  affixing  the  telemetry  apparatus  to  the  first  wrapping  of  the  collar,  more  layers  are 

wrapped  or  wound  over  the  components  to  the  required  thickness;  such  thickness  is  determined  by  both 
the  strength  of  the  composite  material  and  reinforcing  fibers  to  resist  centrifugal  force  and  retain  the  collar 
itself  on  the  rotating  shaft  and,  in  addition,  to  provide  sufficient  transparency.  In  the  particular  case  of  the 

io  preferred  embodiment,  transparency  to  infrared  signals  to  allow  transmission  of  this  IR  data  from  the 
rotating  telemetry  apparatus.  Also,  of  course,  the  light  energy  supplied  to  the  photocells  23  must  reach  the 
cells  with  sufficient  intensity  to  provide  adequate  power  for  the  printed  circuit  56. 

Other  suitable  composite  materials  include  carbon,  graphite,  Aramid  kevlar,  S  fiberglass  or  any 
combination  of  the  above.  Since  the  primary  forces  acting  on  the  collar  22  during  rotation  are  greatest  in  the 

is  tangential  and  radial  directions,  the  maximum  strength  is  achieved  by  winding  unidirectional  fiber  tapes  or 
single  filaments  around  the  circumference  of  the  shaft.  The  tapes  can  be  preimpregnated  as  used  in  the 
preferred  embodiment  or  dry  or  wet  lay-up  type. 

Also,  rather  than  utilizing  single  composite  material,  the  initial  winding  layer  on  the  shaft  10  can  be  of 
foam  or  honeycomb  core  material.  The  important  aspect  of  the  composite  material  is  that  the  material 

20  overlaying  the  telemetry  apparatus  has  transparent  windows  to  allow  both  data  transfer  and  energy  transfer 
and  has  sufficient  physical  strength  to  withstand  the  high  centrifugal  forces  associated  with  shaft  rotation. 

In  the  final  steps  of  the  process  after  the  final  layer  of  wrapped  material  is  placed,  it  is  cured  under  heat 
and  pressure.  If  necessary,  matching  of  the  collar  can  be  done  to  provide  rotational  balance. 

The  E  type  fiberglass  actually  used  in  the  preferred  embodiment  when  cured  has  the  following 
25  properties: 

density  1  .9  g/cm3  (0.070  Ibs/cu  in.) 
thickness  per  ply  0.023-0.25cm  (0.009-0.1  OOin) 
fiber  volume  56%  by  volume 
void  content  less  than  2% 
resin  content  27%  by  weight 

The  rotating  measuring  circuit  14  is,  of  course,  powered  by  the  use  of  photovoltaic  cells  23.  Silicon 
35  photocells  are  capable  of  producing  power  from  electromagnetic  wavelengths  that  range  from  approximately 

450  to  1000  nanometers.  Peak  output  occurs  at  approximately  800  nanometers.  Typical  current  and  voltage 
characteristics  of  photovoltaic  cells  are  widely  published  but  generally  the  maximum  open  circuit  voltage  is 
obtained  with  low  light  intensity  while  the  short  circuit  current  is  proportional  to  the  light  intensity  and 
surface  area  of  illumination.  When  used  to  power  infrared  telemetry  systems  typically  the  minimum  current 

40  demand  can  range  from  25  to  100  milliamps.  The  minimum  current  draw  of  the  rotating  measuring  circuit 
and  infrared  emitters  defines  both  the  minimum  photovoltaic  surface  area  and  light  intensity  to  power  the 
system. 

Since  the  photovoltaic  cells  are  capable  of  producing  power  from  the  infrared  spectrum  to  1000 
nanometers,  the  supporting  structure  is  not  required  to  transmit  visible  light  to  power  the  system.  System 

45  power  can  be  obtained  from  the  infrared  spectrum  exclusively.  Total  power  output  is  proportional  to  the 
photovoltaic  surface  area  of  illumination  and  infrared  intensity  after  attenuation  by  the  supporting  structure. 
Suitable  sources  of  infrared  power  include  incandescent  lamps,  halogen  lamps,  infrared  emitters  and 
sunlight. 

As  an  example  of  the  foregoing,  a  current  and  voltage  attenuation  of  a  typical  silicon  photovoltaic  cell 
50  measuring  3.81  x  1.27cm  (1.5  x  0.5  in.)  was  measured.  This  cell  was  illuminated  by  a  150W  halogen  lamp 

powered  at  100W.  The  air  gap  from  the  lamp  cell  was  0.50  in.  With  merely  air  in  front  of  the  cell  and  an 
additional  distance  of  .055  in.,  the  output  of  the  cell  was  approximately  125  milliamps.  With  E  fiberglass  at 
.010  in.  the  output  was  92  milliamperes.  And  increasing  the  thickness  to  .040  in.  the  current  output  was  73 
milliamperes.  The  foregoing  illustrates  the  wide  tolerance  in  thickness  available  to  the  designer  which  will 

55  provide  sufficient  transparency  so  that  the  telemetry  apparatus  is  effectively  powered. 
In  a  similar  manner,  infrared  emitter  and  transistor  signals  can  be  telemetered  through  the  composite 

structure.  Data  transfer  is  accomplished  by  maintaining  sufficient  infrared  intensity  to  transmit  a  data  bit 
from  the  emitter  to  the  transistor  after  attenuation  by  the  composite  and  air  gap.  Telemetry  is  only  limited 

4 



EP  0  368  461  B1 

by  the  radiant  intensity  of  the  emitter,  sensitivity  of  the  transistor  or  detector,  and  the  infrared  attenuation  of 
the  composite  layers  and  air  gap. 

Infrared  signal  attenuation  was  measured  through  various  layers  of  E-type  fiberglass  with  an  infrared 
emitter  of  the  Siemens-type  OP224  and  infrared  transistor  type  TRW  OP500SRA  and  an  air  gap  of  .100  in. 

5  Relative  attenuation  with  no  composite  material  thickness  was  of  course  0%.  With  a  composite  thickness  of 
.020  in.,  relative  attenuation  was  36%;  then  at  .050  in.  the  attenuation  was  60%.  Thus,  the  range  of 
thickness  which  will  effectively  transmit  infrared  data  is  quite  broad.  In  addition,  the  foregoing  indicates  that 
many  different  types  of  composite  materials,  such  as  outlined  above,  may  be  used  with  proper  adjustment 
and  thickness,  etc.  In  the  actual  preferred  embodiment  a  workable  model  was  made,  as  illustrated  in  Fig.  4, 

io  with  a  composite  layer  60  overlaying  the  emitters  and  transistors  28  and  29  of  .005  in. 
Thus,  the  present  invention  has  provided  an  improved  method  of  telemetry  for  a  rotating  shaft.  It  is 

ideally  applicable  to  optical  transfer  of  data  such  as  by  infrared  pulses  but  is  also  useful  for  any 
electromagnetic  technique  where  no  mechanical  interface  can  be  tolerated. 

15  Claims 

1.  A  process  for  forming  a  fixed  collar  (22)  of  lightweight  composite  material  on  a  rotatable  shaft  (10)  such 
collar  (22)  having  embedded  in  it  telemetry  apparatus  (28a,28b,29a,29b)  for  transmitting  measured 
signals  from  said  rotating  shaft  (10)  to  a  stationary  receiver  (32)  without  a  mechanical  interface 

20  comprising  the  following  steps: 
forming  a  collar  (22)  by  circumferentially  placing  a  composite  material  around  said  shaft  (10) 

resistant  to  centrifugal  forces  due  to  rotation  of  said  shaft  (10); 
embedding  said  telemetry  apparatus  (28a,28b,29a,29b)  in  collar  (22)  which  includes  infrared  (IR) 

emitters  (41,42)  for  transmitting  said  measured  signals  by  IR  data,  said  material  overlaying  said  IR 
25  emitters  (41,42)  providing  sufficient  transparency  for  said  transmission  of  said  IR  data. 

2.  A  process  as  in  Claim  1  ,  further  comprising  the  following  steps: 
forming  a  collar  (22)  by  circumferentially  wrapping  around  said  shaft  (10)  several  layers  of  said 

composite  material  to  form  a  radial  thickness  at  least  substantially  equal  to  the  maximum  thickness  of 
30  said  telemetry  apparatus  (28a,28b,29a,29b); 

cutting  at  least  one  cavity  (58)  in  said  collar  (22)  to  accommodate  at  least  a  portion  of  said 
telemetry  apparatus  (28a,28b,29a,29b)  and  placing  it  in  said  cavity  (58); 

wrapping  more  layers  over  said  collar  (22)  to  retain  said  apparatus  but  to  provide  sufficient 
transparency  to  electromagnetic  or  optical  signals  between  said  telemetry  apparatus  and  said  stationary 

35  receiver  (32); 
curing  said  wrapped  material  so  that  it  is  fixed  to  said  shaft  (10)  and  resists  centrifugal  forces  due 

to  rotation. 

3.  A  process  as  in  Claim  1  or  Claim  2,  where  part  of  said  apparatus  includes  photovoltaic  cells  (23) 
40  responsive  to  incident  light  from  said  stationary  receiver  (32)  for  powering  the  remaining  telemetry 

(28a,28b,29a,29b). 

4.  A  process  as  in  any  of  Claims  1  to  3,  where  said  telemetry  apparatus  includes  infrared  (IR)  emitters 
(41)  and  transistors  (42)  for  data  interchange. 

45 
5.  A  process  as  in  any  preceding  claim,  including  the  step  of  machining  said  cured  collar  (22)  to  provide  a 

rotational  balance. 

6.  A  process  as  in  any  preceding  claim,  where  said  composite  material  is  type  E  or  S  fibreglass. 
50 

7.  A  process  as  in  any  of  Claims  1  to  5,  where  said  composite  material  includes  a  material  from  the  group 
comprising  E  or  S  fibreglass,  aramid  kevlar,  carbon  and  graphite. 

8.  Telemetry  apparatus  for  transmitting  data  from  a  rotating  shaft  (10)  to  a  stationary  receiver  (32)  without 
55  a  mechanical  interface  comprising: 

a  collar  (22)  of  lightweight  composite  material  wrapped  around  and  fixed  to  said  shaft  (10)  which 
resists  centrifugal  forces  due  to  shaft  rotation,  said  collar  (22)  having  embedded  in  it  a  first  portion  of 
said  telemetry  apparatus  (28a,28b,29a,29b)  for  transmitting  data  by  light  or  electromagnetic  means  to 
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said  stationary  receiver  (32)  through  a  portion  of  said  composite  material  which  is  substantially 
transparent  to  said  transmission. 

9.  Apparatus  as  in  Claim  8,  where  said  collar  (22)  has  embedded  in  it  a  second  portion  (23)  of  said 
5  telemetry  apparaus  for  receiving  energy  from  said  stationary  receiver  (32)  in  the  form  of  light  or 

electromagnetic  energy  through  a  portion  of  said  composite  material  substantially  transparent  to  said 
energy. 

Patentanspruche 
10 

1.  Verfahren  zum  Ausbilden  eines  festen  Ringes  (22)  aus  leichtem  Verbundmaterial  auf  einer  drehbaren 
Welle  (10),  wobei  in  den  Ring  (22)  Telemetrieeinrichtungen  (28a,  28b,  29a,  29b)  zum  Senden 
gemessener  Signale  von  der  drehbaren  Welle  (10)  zu  einem  stationaren  Empfanger  (32)  ohne 
mechanisches  Zwischenglied  eingebettet  sind,  mit  folgenden  Schritten: 

is  Ausbilden  eines  Ringes  (22)  durch  Anordnen  eines  Verbundmaterials  rings  urn  die  Welle  (10),  das 
gegenuber  Zentrifugalkraften  infolge  Drehung  der  Welle  (10)  bestandig  ist; 

Einbetten  der  Telemetrieeinrichtungen  (28a,  28b,  29a,  29b)  in  den  Ring  (22),  wobei  die  Telemetrie- 
einrichtungen  lnfrarot-(IR)-Emitter  (41,  42)  zum  Senden  der  gemessenen  Signale  durch  IR-Daten 
umfassen,  wobei  das  Material,  das  uber  die  IR-Emitter  zu  liegen  kommt,  fur  die  Ubertragung  der  IR- 

20  Daten  ausreichend  transparent  ist. 

2.  Verfahren  nach  Anspruch  1  mit  folgenden  weiteren  Schritten: 
Ausbilden  eines  Ringes  (22)  durch  Wickeln  mehrerer  Schichten  des  Verbundmaterials  rings  urn  die 

Welle  (10),  so  dal3  eine  radiale  Dicke  gebildet  wird,  die  wenigstens  gleich  ist  der  maximalen  Dicke  der 
25  Telemetrieeinrichtungen  (28a,  28b,  29a,  29b); 

Schneiden  wenigstens  eines  Hohlraums  (58)  in  den  Ring  zur  Aufnahme  wenigstens  eines  Teils  der 
Telemetrieeinrichtungen  (28a,  28b,  29a,  29b)  und  Einsetzen  desselben  in  den  Hohlraum  (58); 

Wickeln  weiterer  Schichten  uber  den  Ring  (22)  derart,  dal3  die  Einrichtungen  gehalten  werden, 
jedoch  ausreichend  Transparenz  fur  elektromagnetische  oder  optische  Signale  zwischen  den  Teleme- 

30  trieeinrichtungen  und  dem  stationaren  Empfanger  (32)  erhalten  wird; 
Ausharten  des  gewickelten  Materials  derart,  dal3  es  an  der  Welle  (10)  befestigt  ist  und  Zentrifugal- 

kraften  infolge  Drehung  widersteht. 

3.  Verfahren  nach  Anspruch  1  oder  2,  wobei  ein  Teil  der  Einrichtungen  fotovoltaische  Zellen  (23)  umfaBt, 
35  die  auf  auftreffendes  Licht  vom  stationaren  Empfanger  (32)  ansprechen  und  den  Rest  der  Telemetrie- 

einrichtungen  speisen. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  3,  wobei  die  Telemetrieeinrichtungen  lnfrarot-(IR)-Emitter 
(41)  und  Transistoren  (42)  zum  Datenaustausch  umfassen. 

40 
5.  Verfahren  nach  einem  der  vorstehenden  Anspruche,  wobei  der  ausgehartete  Ring  zum  Auswuchten 

maschinell  bearbeitet  wird. 

6.  Verfahren  nach  einem  der  vorstehenden  Anspruche,  wobei  das  Verbundmaterial  E-  oder  S-Fiberglas  ist. 
45 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  5,  wobei  das  Verbundmaterial  ein  Material  aus  der  Gruppe 
umfassend  E-  oder  S-Fiberglas,  Aramid-Kevlar,  Kohlenstoff  und  Graphit  umfaBt. 

8.  Telemetrievorrichtung  zum  Senden  von  Daten  von  einer  umlaufenden  Welle  (10)  zu  einem  stationaren 
50  Empfanger  (32)  ohne  mechanisches  Zwischenglied  mit: 

einem  Ring  (22)  aus  leichtem  Verbundmaterial,  das  urn  die  Welle  (10)  gewickelt  und  an  ihr 
befestigt  ist  und  Zentrifugalkraften  infolge  Drehung  der  Welle  widersteht,  wobei  in  den  Ring  (22)  ein 
erster  Teil  der  Telemetrieeinrichtungen  (28a,  28b,  29a,  29b)  eingebettet  ist,  zum  Senden  von  Daten 
mittels  Licht  oder  mittels  elektromagnetischer  Einrichtungen  zum  stationaren  Sender  (32)  durch  einen 

55  Teil  des  Verbundmaterials,  der  fur  die  Ubertragung  transparent  ist. 

9.  Vorrichtung  nach  Anspruch  8,  wobei  in  den  Ring  (22)  ein  zweiter  Teil  (23)  der  Telemetrieeinrichtungen 
zum  Empfangen  von  Energie  aus  dem  stationaren  Empfanger  (32)  in  Form  von  Licht  oder  elektroma- 
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gnetischer  Energie  durch  einen  Teil  des  Verbundmaterials  eingebettet  ist,  der  fur  Licht  oder  elektroma- 
gnetische  Energie  transparent  ist. 

Revendicatlons 
5 

1.  Procede  de  formage  d'un  manchon  fixe  (22)  en  materiau  composite  leger  sur  un  arbre  rotatif  (10),  un 
equipement  de  telemetrie  (28a,  28b,  29a,  29b)  etant  incorpore  dans  ce  manchon  (22)  pour  transmettre 
des  signaux  de  mesure  entre  ledit  arbre  tournant  (10)  et  un  recepteur  stationnaire  (32)  sans  interface 
mecanique,  comprenant  les  etapes  suivantes: 

io  formage  d'un  manchon  (22)  en  plagant  sur  le  perimetre  dudit  arbre  (10)  un  materiau  composite 
resistant  aux  forces  centrifuges  dues  a  la  rotation  dudit  arbre  (10); 

incorporation  dans  le  manchon  (22)  dudit  equipement  de  telemetrie  (28a,  28b,  29a,  29b)  compre- 
nant  des  emetteurs  infrarouges  (IR)  (41,  42)  pour  transmettre  lesdits  signaux  de  mesure  par  donnees 
IR,  ledit  materiau  recouvrant  lesdits  emetteurs  IR  (41,  42)  offrant  une  transparence  suffisante  pour  ladite 

is  transmission  desdites  donnees  IR. 

2.  Procede  selon  la  revendication  1  ,  comprenant  en  outre  les  etapes  suivantes: 
formage  d'un  manchon  (22)  par  enroulement  sur  le  perimetre  dudit  arbre  (10)  plusieurs  couches 

dudit  materiau  composite,  pour  former  une  epaisseur  radiale  au  moins  essentiellement  egale  a 
20  I'epaisseur  maximale  dudit  equipement  de  telemetrie  (28a,  28b,  29a,  29b); 

decoupage  d'au  moins  une  cavite  (58)  dans  ledit  manchon  (22)  pour  loger  au  moins  une  partie 
dudit  equipement  de  telemetrie  (28a,  28b,  29a,  29b)  et  placement  de  celui-ci  dans  ladite  cavite  (58); 

enroulement  de  couches  supplementaires  sur  ledit  manchon  (22)  pour  maintenir  ledit  equipement 
tout  en  offrant  une  transparence  suffisante  aux  signaux  electromagnetiques  ou  optiques  entre  ledit 

25  equipement  de  telemetrie  et  ledit  recepteur  stationnaire  (32); 
durcissement  dudit  materiau  enroule  de  maniere  a  ce  qu'il  soit  fixe  sur  ledit  arbre  (10)  et  qu'il 

resiste  aux  forces  centrifuges  dues  a  la  rotation. 

3.  Procede  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  une  partie  dudit  equipement 
30  comprend  des  cellules  photovolta'fques  (23)  reagissant  a  la  lumiere  incidente  provenant  dudit  recepteur 

stationnaire  (32),  en  vue  d'alimenter  le  reste  de  la  telemetrie  (28a,  28b,  29a,  29b). 

4.  Procede  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  ledit  equipement  de  telemetrie 
comprend  des  emetteurs  infrarouges  (IR)  (41)  et  des  transistors  (42)  pour  I'echange  de  donnees. 

35 
5.  Procede  selon  I'une  quelconque  des  revendications  precedentes  comprenant  I'etape  d'usinage  dudit 

manchon(22)  durci  pour  lui  conferer  un  equilibrage  en  rotation. 

6.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  ledit  materiau  composite 
40  est  une  fibre  de  verre  de  type  E  ou  S. 

7.  Procede  selon  I'une  quelconque  des  revendications  1  a  5,  dans  lequel  ledit  materiau  composite 
contient  un  materiau  du  groupe  comprenant  la  fibre  de  verre  E  ou  S,  le  Kevlar  aramide,  le  carbone  et  le 
graphite. 

45 
8.  Equipement  de  telemetrie  pour  la  transmission  de  donnees  entre  un  arbre  tournant  (10)  et  un  recepteur 

stationnaire  (32),  sans  interface  mecanique,  comprenant: 
un  manchon  (22)  en  materiau  composite  leger  entourant  ledit  arbre  (10)  et  fixe  a  celui-ci,  resistant 

aux  forces  centrifuges  dues  a  la  rotation  de  I'arbre,  une  premiere  partie  dudit  equipement  de  telemetrie 
50  (28a,  28b,  29a,  29b)  etant  incorporee  dans  ledit  manchon  (22)  pour  la  transmission  de  donnees  par  des 

moyens  lumineux  ou  electromagnetiques  vers  ledit  recepteur  stationnaire  (32),  a  travers  une  partie 
dudit  materiau  composite  qui  est  essentiellement  transparente  a  ladite  transmission. 

9.  Equipement  selon  la  revendication  8,  dans  lequel  ledit  manchon  (22)  possede  incorpore  en  lui  une 
55  seconde  partie  (23)  dudit  equipement  de  telemetrie  pour  recevoir  de  I'energie  dudit  recepteur 

stationnaire  (32),  sous  la  forme  de  lumiere  ou  d'energie  electromagnetique,  a  travers  une  partie  dudit 
materiau  composite  essentiellement  transparente  a  ladite  energie. 

7 
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