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(54)  Slip  ring  assembly 

(57)  The  invention  relates  to  a  slip  ring  assembly 
featuring  a  high  breakdown  voltage  between  adjacent 
slip  rings  (3).  To  achieve  this  the  rotor  (1)  is  provided 
with  radially  extending,  cross-sectionally  V-shaped 
grooves  (4),  the  slip  rings  being  positioned  at  the  bottom 

of  the  V-shaped  grooves.  The  V-shaped  grooves  prefer- 
ably  extend  into  the  slip  rings,  such  that  also  the  current 
collectors  (5)  rest  in  a  groove. 
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Description 

The  present  invention  relates  to  a  slip  ring  assem- 
bly,  comprising  at  least  one  rotor  made  of  an  insulating 
material,  with  an  at  least  substantially  radial  symmetry  s 
around  a  rotation  axis,  on  the  outer  periphery  of  which  a 
number  of  metal  slip  rings  are  coaxially  placed  around 
the  rotation  axis,  and  at  least  one  stator,  provided  with  a 
number  of  current  collectors  each  of  which  makes  con- 
tact  in  the  operating  condition  with  one  slip  ring.  w 

Slip  ring  assemblies  of  this  type  are  known  from,  for 
instance,  US-A-5,224,138  and  are  frequently  employed 
in  engineering,  particularly  in  an  arrangement  where, 
for  the  benefit  of  a  rotating  part  of  the  arrangement,  sig- 
nals  or  supply  voltages  must  be  fed  in  or  out.  is 

A  drawback  of  known  slip  ring  assemblies,  espe- 
cially  if  their  construction  is  compact  and  the  clearance 
between  adjacent  slip  ring  is  small,  is  formed  by  the  lim- 
ited  breakdown  voltage  between  the  adjacent  slip  rings. 
The  breakdown  voltage  is  further  adversely  affected  by  20 
metal  grit  as  a  result  of  wear  of  the  current  collectors 
and  of  the  slip  rings,  the  metal  grit  being  liable  to  be 
deposited  on  the  insulating  material.  Besides,  moisture 
may  often  penetrate  into  the  slip  ring  assembly,  likewise 
adversely  affecting  the  breakdown  voltage.  25 

The  slip  ring  assembly  according  to  the  invention 
eliminates  this  drawback  to  a  significant  extent,  among 
other  things  by  enlarging  the  creepage  path  without  sig- 
nificantly  increasing  the  dimensions,  and  is  character- 
ised  in  that  he  rotor  is  provided  with  a  number  of  radially  30 
extending  grooves  and  that  each  slip  ring  is  embedded 
completely  countersunk  in  one  of  the  grooves. 

In  an  advantageous  embodiment  the  grooves  are 
chosen  so  as  to  be  at  least  substantially  V-shaped  in 
cross-section,  which  has  been  found  to  effect  an  35 
increase  of  the  breakdown  voltage.  Surprisingly,  it  is 
advantageous  in  this  case  to  extend  the  V-shaped 
grooves  into  the  slip  rings.  An  advantageous  choice  in 
this  context  is  an  embodiment  where  the  V-shaped 
groove  extends  for  20%-40%  of  its  total  depth  into  the  40 
slip  ring.  The  grooves  may  in  this  case  have  a  flat  or  a 
rounded  bottom,  which  has  the  advantage  that  the 
thickness  of  the  slip  rings  can  be  designed  relatively 
thin. 

In  each  V-shaped  groove  there  is  necessarily  a  45 
radially  extending  transition  from  the  insulating  material 
to  the  metal  of  the  slip  ring.  Experiments  have  shown 
that  this  transition  plays  an  important  part  in  the  initia- 
tion  of  a  breakdown  between  adjacent  slip  rings. 
Another  advantageous  embodiment  of  the  slip  ring  so 
assembly  according  to  the  invention  reduces  this  risk  of 
a  breakdown  and  is  characterised  in  that  the  transition 
plane  from  insulating  material  to  metal  is  at  least  sub- 
stantially  perpendicular  to  the  surface  of  the  groove. 

Besides,  in  an  attempt  to  raise  the  breakdown  volt-  55 
age  still  further,  the  top  angle  of  the  V-shaped  groove 
may  be  varied  whereby  the  transition  plane  and  the  sur- 
face  of  the  groove  are  kept  mutually  perpendicular,  by 
providing  the  slip  ring  in  a  radial  sense  with  a  suitable 

tapering.  Yet  another  embodiment  of  the  slip  ring 
assembly  featuring  a  favourable  breakdown  voltage  is 
then  characterised  in  that  the  top  angle  of  the  V-shaped 
groove  is  60-90  degrees. 

A  problem  with  slip  rings  that  is  also  well-known  in 
the  art  concerns  the  wear  caused  by  friction  between 
the  slip  rings  and  the  current  collectors.  Yet  another 
embodiment  of  the  slip  ring  assembly  according  to  the 
invention  is  characterised  in  that  the  V-shaped  groove  is 
gold-plated  for  as  far  as  it  extends  into  the  slip  ring.  In 
that  case  the  current  collectors  preferably  comprise  a 
number  of  gold-plated  rods,  made  of  an  elastic  metal 
and  fitted  together  on  one  end  in  a  bundle.  Owing  to  the 
favourable  V-shape  of  the  groove  and  its  flat  or  rounded 
bottom  the  current  collector  is  automatically  centred.  By 
advantageously  choosing  the  diameter  of  the  bundle 
with  reference  to  the  dimensions  of  the  groove  it  can  be 
further  accomplished  that  the  bundle  is  automatically 
held  together  and  lies  stable  in  the  groove,  which  is  con- 
ducive  to  a  reliable  and  low-noise  contact  transition 
between  the  slip  ring  and  the  current  collector.  It  was 
found  incidentally  that  bundles  of  three  or  seven  rods 
showed  very  favourable  results  because  they  rest  par- 
ticularly  stable  in  the  grooves. 

Experience  has  shown  that  the  gold  on  the  slip 
rings  and  on  the  current  collectors  tends  to  migrate  in 
the  operating  condition,  but  a  thin  layer  of  gold,  effec- 
tively  serving  as  a  low-impedance  lubricant,  remains 
intact.  Experiments  have  demonstrated  that,  even  after 
a  prolonged  period  of  time,  the  contact  transition  is  still 
satisfactory  if  the  slip  rings  are  plated  with  gold  that  is 
softer  than  the  gold-plating  of  the  current  collectors.  The 
best  results  are  obtained  with  rods  which  are  cylindrical 
in  cross-section.  Very  favourable  noise  characteristics, 
together  with  little  wear,  are  achieved  by  employing 
three  rods  per  current  collector  in  combination  with  a 
narrow  slip  ring  for  transmitting  small  currents,  or  seven 
rods  in  combination  with  a  wide  slip  ring  for  larger  cur- 
rents,  the  contact  pressure  per  current  collector  then 
being  1-5  grams  and  a  current  collector  resting  as  a 
close  fit  in  the  V-shaped  flat-bottomed  groove,  in  the 
sense  that  it  fills  the  groove. 

The  invention  will  now  be  explained  in  detail  with 
reference  to  the  following  figures,  where 

Fig.  1  is  a  cross-section  of  a  possible  embodiment 
of  a  slip  ring  assembly  according  to  the 
invention; 

Fig.  2  is  a  cross-section  of  an  advantageous 
embodiment  of  a  slip  ring  assembly  accord- 
ing  to  the  invention; 

Fig.  3  is  a  cross-section  of  a  very  advantageous 
embodiment  of  a  slip  ring  assembly  accord- 
ing  to  the  invention; 

Fig.  4  is  a  cross-section  of  a  slip  ring  assembly 
according  to  the  invention  prior  to  the 
grooves  being  formed; 

Fig.  5  is  a  cross-section  and  a  side-view  of  a  cur- 
rent  collector  embodying  three  rods; 
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Fig.  6  is  a  cross-section  and  a  side-view  of  a  cur- 
rent  collector  embodying  seven  rods; 

Fig.  7  is  a  cross-section  of  a  slip  ring  assembly  of 
the  pancake  type  according  to  the  invention; 

Fig.  8  is  a  current  collector  embodying  three  rods 
for  the  pancake. 

Fig.  1  shows  in  cross-section  a  possible  embodi- 
ment  of  a  slip  ring  assembly  according  to  the  invention, 
where  a  tubular  rotor  1  ,  which  can  rotate  around  a  rota- 
tion  axis  2  and  which  is  made  of  an  insulating  material, 
for  instance  epoxy  resin,  is  provided  with  slip  rings  3 
which  have  been  fitted  countersunk  in  the  insulating 
material  and  which  are  accessible  via  radially  extending 
grooves  4  formed  in  the  outer  periphery  of  the  tubular 
rotor  1.  Also  shown  is  a  current  collector  5,  in  this  case 
comprising  three  elastic  metal  rods  which  rest  at  least 
substantially  tangentially  against  the  associated  slip 
ring,  thus  providing  a  connection  between  the  usually 
rotating  slip  ring  and  the  non-rotating  environment.  The 
advantage  of  the  slip  ring  assembly  according  to  the 
invention  is  that  the  slip  rings  can  be  located  in  axial 
sense  closely  adjacent  to  one  another,  while  neverthe- 
less  the  creepage  path  between  neighbouring  slip  rings, 
and  consequently  the  breakdown  voltage  between  the 
slip  rings,  is  large.  It  is  further  indicated  how  a  connec- 
tion  can  be  made  to  a  slip  ring  3,  by  providing  slip  ring  3 
with  a  metal  rod  6  which  extends  into  the  hollow  ring.  Of 
course  rod  6  may  also  take  the  form  of  a  filament.  It  is 
also  possible  to  establish  a  connection  afterwards,  by 
drilling  through  the  ring  at  the  spot  where  rod  6  is  to  be 
positioned,  fitting  the  bore  with  an  internal  thread,  and 
screwing  home  in  it  a  rod  6  provided  with  an  external 
thread,  such  that  it  makes  contact  with  slip  ring  3. 

Fig.  2  shows  in  cross-section  an  advantageous 
embodiment  of  a  slip  ring  assembly  according  to  the 
invention,  where  the  radially  extending  grooves  have 
been  chosen  to  be  V-shaped  in  cross-section.  Besides 
a  higher  breakdown  voltage  than  the  embodiment 
shown  in  Fig.  1  the  further  advantage  of  grooves  formed 
in  this  manner  is  that,  when  the  stator  is  mounted,  the 
current  collectors  are  automatically  guided  by  them  to 
the  slip  rings  3,  hardly  ever  getting  caught  behind  the 
raised  edges  between  the  grooves. 

Fig.  3  shows  in  cross-section  a  very  advantageous 
embodiment  of  the  slip  ring  assembly  according  to  the 
invention,  with  the  V-shaped  groove  4  extending  into  slip 
ring  3.  Besides  the  advantages  mentioned  with  refer- 
ence  to  Fig.  2  a  further  favourable  aspect  is  that  here 
the  current  collectors  rest  confined  in  a  V-shaped 
groove  during  operation,  which  contributes  to  a  sound, 
stable  contact  transition.  As  indicated  in  Fig.  3  the  V- 
shaped  groove  preferably  has  a  flat  bottom,  securing  for 
current  collectors  5  an  especially  stable  position.  This 
embodiment  has  moreover  been  found  to  achieve  a  still 
more  favourable  breakdown  voltage,  especially  if  the 
transitions  7  from  insulating  material  to  metal  are  at 
least  substantially  perpendicular  to  the  groove  surfaces. 
It  has  been  demonstrated  experimentally  that  the  best 

results  are  obtained  for  a  top  angle  of  the  V-shaped 
groove  of  60-90  degrees,  with  the  slip  rings  needing  to 
be  provided,  in  a  radial  sense,  with  a  tapering  8,  such 
that  the  transitions  7  are  perpendicular  to  the  groove 

5  surface. 
It  is  further  advantageous  for  the  slip  rings,  as  well 

as  the  current  collectors,  to  be  gold-plated,  at  least  in 
those  places  where  the  actual  contact  is  made.  This 
results  in  a  low  contact  resistance,  little  wear  and  a  min- 

w  imum  of  noise  added  by  the  slip  ring  assembly  to  the 
signals  it  is  required  to  transport. 

The  slip  ring  assembly  according  the  invention  is 
very  suitable  as  a  building  element  for  the  assembly  of  a 
more  complicated  assembly.  To  that  end  rotor  1  is  pro- 

15  vided  with  a  raised  collar  9  on  one  end  and  on  the  other 
end  with  a  recess  10  that  is  complementary  to  the 
former,  or  with  comparable  centring  means.  Any  assem- 
bly  can  then  be  assembled  using  this  type  of  building 
elements.  Even  more  universal  assembly  is  possible 

20  using,  for  instance,  two  types  of  slip  ring  assemblies,  a 
first  type  having,  for  instance,  6  high-power  rings,  such 
as  shown  in  Fig.  1-3,  and  a  second  type  with  12  more 
finely  machined  low-power  rings. 

Fig.  4  shows  how  a  slip  ring  assembly  according  to 
25  Fig.  3  can  be  realised  advantageously.  The  slip  rings  3 

in  this  case  are  introduced  into  a  casting  mould,  the 
clearance  and  the  centring  of  the  slip  rings  being 
obtained  with  the  aid  of  the  edges  1  1  .  Next  rotor  1  is 
cast  from  epoxy  resin,  preferably  in  a  vacuum  centrifu- 

30  gal  casting  process  that  is  well-known  in  the  art.  Subse- 
quently  the  rotor  is  provided,  for  instance  on  a  lathe, 
with  the  V-shaped  grooves.  Finally  the  slip  rings  are 
electro-gold-plated,  with  the  connections  6  available  for 
hook-up  to,  for  instance,  a  current  source. 

35  Fig.  5  shows  in  cross-section  and  in  side-view  a 
current  collector  with  three  rods  12  which  are  on  one 
end  conductively  fitted,  for  instance  soldered,  in  a  metal 
cylinder  13.  The  current  collector  is  suitable  for  working 
in  conjunction  with  a  slip  ring  having  a  width  of  0.65- 

40  0.85  mm;  the  rods  have  a  thickness  of  0.15-0.45  mm 
and  are  gold-plated.  They  are  made  of  an  elastic  mate- 
rial,  such  that  the  current  collector  can  be  pressed  tan- 
gentially  against  a  slip  ring  with  a  pressure  of  1  -5  grams 
without  bending  more  than  some  ten  degrees.  Mounted 

45  in  this  manner  the  current  collector  is  able  to  transmit  5 
amperes  over  a  prolonged  period  of  time.  Larger  current 
strengths  are  possible  by  fitting  several  current  collec- 
tors  connected  in  parallel  and  distributed  over  the 
periphery  of  the  slip  ring. 

so  Fig.  6  shows  in  cross-section  and  in  side-view  a 
current  collector  comprising  seven  rods  12,  which  is 
built  up  in  a  comparable  fashion  and  which  can  handle 
the  sustained  transmission  of  15  amperes.  The  current 
collector  is  suitable  for  working  in  conjunction  with  a  slip 

55  ring  having  a  width  of  1  .3-1  .7  mm;  the  rods  have  a  thick- 
ness  of  0.15-0.45  mm. 

The  current  collectors  can  be  set  into  blocks  of  an 
insulating  material,  always  allowing  a  number  of  current 
collectors  to  be  built  together  according  to  Fig.  5  or  Fig. 

3 
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6,  such  that  they  can  cooperate  with  the  modularly  built 
up  slip  ring  segments.  Thus  a  complex  slip  ring  assem- 
bly  can  be  assembled  from  slip  ring  segments  and  with 
current  collector  segments. 

Fig.  7.  shows  in  cross-section  a  slip  ring  assembly 
of  the  pancake  type  according  to  the  invention,  as 
applied  if  in  an  axial  sense  there  is  little  space  but  in  a 
radial  sense  there  is  ample  space.  Again  rotor  1  ,  which 
is  made  of  insulating  material,  can  rotate  around  rota- 
tion  axis  2,  but  now  it  has  the  form  of  a  flat  disk,  the  slip 
rings  3  being  fitted  countersunk  in  the  insulating  mate- 
rial  and  accessible  via  V-shaped  grooves  4.  The 
grooves  and  the  slip  rings  are  shown  only  on  the  upper 
surface  of  rotor  1  ,  but  it  is  quite  possible  to  equip  the 
bottom  surface  with  them,  too. 

Fig.  8  shows  a  current  collector  embodying  three 
rods  for  application  in  combination  with  the  pancake.  To 
achieve  a  well-defined  contact  the  current  collector  is 
provided  with  a  curved  profile,  the  curved  profile  being 
placed  in  the  groove.  Apart  from  the  curved  profile  the 
current  collector  is  identical  to  the  current  collector 
described  with  reference  to  by  Fig.  5. 

Claims 

1.  Slip  ring  assembly,  comprising  at  least  one  rotor, 
made  of  an  insulating  material,  with  an  at  least  sub- 
stantially  radial  symmetry  around  a  rotation  axis,  on 
the  outer  periphery  of  which  a  number  of  metal  slip 
rings  are  coaxially  placed  around  the  rotation  axis, 
and  at  least  one  stator,  provided  with  a  number  of 
current  collectors,  each  of  which  makes  contact  in 
the  operating  condition  with  one  slip  ring,  character- 
ised  in  that  the  rotor  is  provided  with  a  number  of 
radially  extending  grooves  and  that  each  slip  ring  is 
embedded  completely  countersunk  in  one  of  the 
grooves. 

2.  Slip  ring  assembly  according  to  claim  1  ,  character- 
ised  in  that  the  grooves  are  at  least  substantially  V- 
shaped  in  cross-section. 

3.  Slip  ring  assembly  according  to  claim  2,  character- 
ised  in  that  the  V-shaped  grooves  in  the  slip  rings 
extend  into  the  slip  rings. 

4.  Slip  ring  assembly  according  to  claim  3,  character- 
ised  in  that  the  V-shaped  grooves  in  the  slip  rings 
have  a  flat  bottom. 

5.  Slip  ring  assembly  according  to  claim  3  or  4,  char- 
acterised  in  that  the  V-shaped  grooves  extend  for 
20%-40%  of  their  total  depth  into  the  slip  rings. 

6.  Slip  ring  assembly  according  to  claim  5,  character- 
ised  in  that  a  transition  plane  from  insulating  mate- 
rial  to  metal  is  at  least  substantially  perpendicular  to 
the  surface  of  the  groove. 

7.  Slip  ring  assembly  according  to  claim  6,  character- 
ized  in  that  the  top  angle  of  the  V-shaped  groove  is 
60-90  degrees. 

5  8.  Slip  ring  assembly  according  to  one  of  claims  3  to  7, 
characterized  in  that  the  V-shaped  groove  is  gold- 
plated  for  as  far  as  it  extends  into  the  slip  ring. 

9.  Slip  ring  assembly  according  to  claim  3,  character- 
w  ised  in  that  the  current  collectors  comprise  a 

number  of  gold-plated  cylindrical  rods,  made  of  an 
elastic  metal  and  fitted  together  on  one  end  in  a 
bundle. 

15  1  0.  Slip  ring  assembly  according  to  claim  9,  character- 
ised  in  that  the  width  of  a  slip  ring  is  0.65-0.85  mm 
and  that  the  bundle  contains  three  rods,  each  hav- 
ing  a  diameter  of  0.15-0.45  mm. 

20  11.  Slip  ring  assembly  according  to  claim  9,  character- 
ised  in  that  the  width  of  a  slip  ring  is  1  .3-1  .7  mm  and 
that  the  bundle  contains  seven  rods,  each  having  a 
diameter  of  0.15-0.45  mm. 

25  12.  Slip  ring  assembly  according  to  claim  10  or  11, 
characterised  in  that  a  contact  pressure,  with  which 
a  current  collector  is  pressed  against  the  associ- 
ated  slip  ring,  is  1-5  grams. 

30  13.  Slip  ring  assembly  according  to  claim  12,  character- 
ised  in  that  the  slip  rings  are  plated  with  gold  of  a 
hardness  that  is  less  than  the  hardness  of  the  gold 
with  which  the  rods  are  plated. 

35  14.  Slip  ring  assembly  according  to  claim  10,  character- 
ised  in  that  the  ring  is  of  the  pancake  type  and  that 
the  current  collectors  are  provided  with  a  profile  that 
is  bent  in  longitudinal  direction. 

45 
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