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Moreover,  it  is  required  to  apply  a  highly 
precise  working  to  the  outer  peripheral  surface  of 
the  ceramic  shaft  and  the  inner  peripheral  surface 
of  the  hollow  metal  shaft  in  order  that  the  ceramic 
shaft  is  fixed  to  the  hollow  metal  shaft  over 
substantially  the  whole  length  thereof  in  a  direct 
contact  state,  which  in  practice  is  a  problem. 

It  is,  therefore,  an  object  of  the  invention  to 
minimize  the  quantity  of  heat  transferred  from  a 
ceramic  shaft  to  a  metal  shaft  in  a  turbine  rotor 
unit  comprising  a  combination  of  the  ceramic 
shaft  and  the  metal  shaft  so  as  to  prevent  the 
degradation  of  a  sealing  mechanism  for  lubricant 
and  the  seizure  of  a  bearing. 

It  is  another  object  of  the  invention  to  prevent 
or  minimize  the  leakage  of  the  lubricant  when  the 
ceramic  shaft  is  broken. 

It  is  a  further  object  of  the  invention  to  provide  a, 
strongly  fixed  turbine  rotor  unit  and  a  method  of 
producing  the  same  which  is  easy  in  the  produc- 
tion. 

It  is  a  still  further  object  of  the  invention  to  a 
turbine  rotor  unit  having  a  high  reliability  in 
respect  of  breakage  of  the  ceramic  and  metal 
shafts  and  a  method  of  producing  the  same. 

The  invention  in  a  first  aspect  is  set  out  in  claim 
1. 

Preferably,  the  shape  of  the  first  gap  is  cylindri- 
cal. 

The  invention  in  a  second  aspect  is  set  out  in 
claim  10. 

Embodiments  of  the  invention  will  be  described 
below  by  way  of  example  with  reference  to  the 
accompanying  drawings,  wherein: 

Figs.  1  and  2  are  side  elevations  partly  shown  in 
section  of  two  turbine  rotor  units  for  turbochar- 
gers  as  embodiments  of  the  invention,  respec- 
tively. 

According  to  the  invention,  the  turbine  rotor 
unit  is.  produced  by  arranging  on  one  end  of  the 
metal  shaft  the  end  portion  having  a  hole  of  inner 
diameter  at  its  opening  side  larger  than  that  at  the 
bottom  side,  inserting  the  ceramic  shaft  integrally 
united  with  the  ceramic  rotor  into  the  end  portion, 
and  fixing  it  to  the  end  portion  at  its  small 
diameter  side.  In  this  case,  it  is  favorable  that  the 
region  of  fixing  between  the  ceramic  shaft  and  the 
end  portion  of  the  metal  shaft  is  located  in  that 
region  of  the  rotor  shaft  part  which  has  a 
temperature  of  not  more  than  500cC,  preferably 
not  more  than  350°C  during  use.  Furthermore,  it  is 
desirable  that  there  is  no  temperature  gradient  in 
axial  direction  in  the  region  of  fixing. 

In  general,  the  coefficient  of  thermal  expansion 
of  metal  is  larger  than  that  of  ceramic.  When  the 
shaft  part  of  the  turbine  rotor  unit  according  to  the 
invention  is  composed  of  the  metal  and  ceramic, 
if  the  temperature  of  the  shaft  part  exceeds  500°C, 
the  bonding  force  in  the  region  of  fixing  unfavour- 
ably  reduces  due  to  the  difference  in  thermal 
expansion  between  the  metal  and  the  ceramic. 
Further,  if  a  temperature  gradient  in  axial  direc- 
tion  is  present  in  the  region  of  fixing,  tensile 
thermal  stress  is  produced  in  the  ceramic  shaft  at 
the  bonding  boundary  between  the  ceramic  shaft 

Description 

This  invention  relates  to  a  turbine  rotor  unit  and 
a  method  of  producing  the  same.  More  particu- 
larly,  it  relates  to  a  turbine  rotor  unit  made  from  5 
metal  and  ceramic  and  a  method  of  producing  the 
same. 

Since  ceramic  materials  are  hard  and  have 
excellent  abrasion  resistance  as  well  as  good 
mechanical  properties  and  corrosion  resistance  at  10 
high  temperature,  they  are  suitable  as  a  structural 
material  for  a  rotor  unit  of  gas  turbine  engine  and 
turbocharger  requiring  high  mechanical  strength 
and  abrasion  resistance  at  high  temperature. 
Therefore,  it  has  been  sought  to  make  the  rotor  15 
unit  of  a  gas  turbine  engine  or  turbocharger  from 
ceramic  material.  For  instance,  US  —  A  —  4,396,445 
discloses  a  turbine  rotor  unit  comprising  a 
ceramic  rotor  and  a  ceramic  shaft.  In  the  turbine 
rotor  unit  of  this  structure,  a  threaded  portion  is  20 
provided  on  one  end  of  the  ceramic  shaft,  through 
which  a  metallic  impeller  is  fixed.  However,  this 
turbine  rotor  unit  has  a  drawback  that  the 
threaded  portion  of  the  ceramic  shaft  is  broken  in 
use  due  to  the  difference  in  thermal  expansion  25 
between  the  ceramic  material  constituting  the 
shaft  and  the  metal  material  constituting  the 
impeller.  Further,  the  threading  work  for  the 
ceramic  material  needs  much  manual  skill,  which 
requires  long  time  and  high  cost.  30 

As  a  countermeasure  for  the  above, 
US  —  A  —  4,424,003  discloses  a  turbine  rotor  unit 
having  a  structure  in  which  the  whole  length  of 
the  ceramic  shaft  in  the  rotor  unit  is  covered  with 
a  hollow  metal  shaft.  In  this  structure,  however,  35 
the  ceramic  shaft  is  closely  fixed  to  the  inner 
surface  of  the  hollow  metal  shaft  over  sub- 
stantially  the  whole  length  of  the  ceramic  shaft,  so 
that  the  heat  transfer  area  from  the  ceramic  shaft 
to  the  metal  shaft  becomes  large.  As  a  result,  the  40 
quantity  of  heat  transferred  from  the  high 
temperature  turbine  rotor  to  the  metal  shaft 
increases  to  excessively  raise  the  temperature  of 
the  metal  shaft,  which  tends  to  degrade  a  sealing 
and  fitting  mechanism  arranged  on  the  metal  45 
shaft  and  to  seize  a  bearing. 

Furthermore,  a  shearing  stress  is  produced  at 
the  fitting  boundary  between  the  metal  shaft  and 
the  ceramic  shaft  due  to  the  difference  in  thermal 
expansion  therebetween  with  the  temperature  50 
rise  of  the  metal  shaft,  which  is  liable  to  cause 
fatigue  of  the  metal  shaft.  And  also,  the  tempera- 
ture  of  the  lubricant  excessively  rises  because  the 
quantity  of  heat  transferred  to  the  metal  shaft  is 
large.  55 

In  addition,  there  is  a  large  temperature 
gradient  in  the  axial  direction  at  the  fitting  portion 
between  the  hollow  metal  shaft  and  the  ceramic 
shaft  because  the  temperature  of  the  fitting  por- 
tion  at  the  side  towards  the  turbine  rotor  is  high  60 
and  that  of  the  fitting  portion  inside  a  lubricating 
unit  is  low.  As  a  result,  a  tensile  thermal  stress  in 
axial  direction  is  produced  on  the  surface  of  the 
ceramic  shaft  in  the  fitting  portion,  which  may 
cause  the  breakage  of  the  ceramic  shaft.  65 
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the  ceramic.  Moreover,  the  interference  fit 
achieved  in  sh  rink-fitting  and  expansion-fitting  is 
sufficient  to  provide  a  tightness  which  does  not 
lead  to  breakage  of  the  end  portion  of  the  shaft  or 

5  the  ceramic  shaft  after  the  fitting  and  which  is 
required  in  the  fitting  portion  under  service  con- 
ditions  for  the  turbine  rotor  unit  according  to  the 
invention. 

On  the  other  hand,  press-fitting  is  carried  out  by 
10  forcedly  pushing  the  ceramic  shaft  into  the  end 

portion  of  the  metal  shaft  having  an  inner  dia- 
meter  smaller  than  the  diameter  of  the  ceramic 
shaft  under  loading.  The  difference  between  the 
diameter  of  the  ceramic  shaft  and  the  inner 

15  diameter  of  the  end  portion  is  absorbed  by  the 
deformation  of  the  cylindrical  portion,  so  that  the 
finishing  tolerance  limits  of  the  diameter  of  the 
ceramic  shaft  and  the  inner  diameter  of  the  end 
portion  before  the  press-fitting  may  be  larger  than 

20  that  in  shrink-fitting  and  expansion-fitting.  There- 
fore,  press-fitting  is  suitable  for  the  production  of 
the  turbine  rotor  unit  wherein  the  size  of  the 
fitting  portion  is  small.  In  this  case,  the  shape  and 
size  of  the  press-fit  portion  are  so  made  that  the 

25  ceramic  shaft  and  the  end  portion  of  the  metal 
shaft  are  not  broken  under  a  loading  applied  in 
the  press-fitting.  Further,  the  difference  in  the  size 
between  the  diameter  of  the  ceramic  shaft  and  the 
inner  diameter  at  the  small  diameter  part  of  the 

30  hole  of  the  end  portion  is  so  determined  that  the 
press  fit  portion  has  the  tightness  required  under 
service  conditions  of  the  turbine  rotor  unit.  For 
this  purpose,  the  size  difference  should  satisfy  the 
requirement  that  the  diameter  of  the  ceramic 

35  shaft  is  larger  by  0.1  —  10%,  preferably  1  —  5% 
than  the  inner  diameter  at  small  diameter  part  of 
the  hole.  When  the  size  difference  is  less  than 
0.1  %,  the  tightness  in  the  press  fit  portion  may  be 
low  and  there  is  a  fear  that  the  press-fitted 

40  ceramic  shaft  will  come  out  or  loosen  from  the 
metal  shaft  in  use.  When  the  size  difference 
exceeds  10%,  the  ceramic  shaft  and/or  the 
cylindrical  portion  may  be  broken  in  the  press- 
fitting.  Moreover,  stable  tightness  is  obtained  by 

45  making  the  size  difference  large  when  the  hard- 
ness  of  the  cylindrical  portion  is  low  or  small 
when  the  hardness  is  high.  The  press-fitting  may 
be  carried  out  at  room  temperature  or  by  heating 
only  the  metal  shaft  or  both  the  metal  and 

50  ceramic  shafts.  In  this  case,  press-fitting  by  heat- 
ing  of  both  the  shafts  is  most  preferable  because 
the  heating  of  both  the  shafts  decreases  the 
deformation  resistance  of  the  end  portion  of  the 
metal  shaft  to  reduce  the  loading  required  in  the 

55  press-fitting  and  consequently  the  breaking  of  the 
ceramic  shaft  and  the  cylindrical  portion  is  not 
caused  and  also  an  increase  of  tightness  based  on 
the  difference  in  thermal  expansion  therebetween 
is  obtained  in  the  cooling  from  the  press-fitting 

60  temperature.  When  the  press-fitting  is  carried  out 
by  heating  both  the  ceramic  and  metal  shafts,  it  is 
preferable  that  the  press-fitting  temperature  is  not 
higher  than  the  heat  treating  temperature  of  the 
metal  shaft  and  the  softening  temperature  of 

65  surface  hardened  layer  of  the  metal  shaft  but  not 

and  the  end  portion  of  the  metal  shaft  tending  to 
cause  breakage  of  the  ceramic  shaft. 

In  order  to  solve  the  above  problems,  when  the 
turbine  rotor  unit  according  to  the  invention  is 
mounted  as,  for  example,  a  turbocharger  rotor,  it 
is  preferred  that  the  region  of  fixing  between  the 
ceramic  shaft  and  the  end  portion  of  the  metal 
shaft  is  located  in  a  bearing  housing,  preferably 
between  two  portions  contacting  two  bearings 
supporting  the  shaft  part  of  the  turbine  rotor  unit. 
Thus,  the  region  of  fixing  between  the  ceramic 
shaft  and  the  end  portion  is  forcedly  cooled  by  a 
lubricant  circulating  in  the  bearing  housing,  so 
that  excessive  temperature  increase  and  a 
temperature  gradient  in  axial  direction  in  the 
region  of  fixing  do  not  occur,  whereby  the  reduc- 
tion  of  the  bonding  force  between  the  ceramic 
shaft  and  the  end  portion  and  the  occurrence  of 
tensile  thermal  stress  at  the  bonding  boundary 
therebetween  are  prevented. 

In  the  turbine  rotor  unit  according  to  the  inven- 
tion,  a  gap  having  a  heat  insulating  effect  is 
formed  between  the  inner  peripheral  surface  of 
the  end  portion  of  the  metal  shaft  extending  from 
the  region  of  fixing  towards  the  turbine  rotor  and 
the  outer  peripheral  surface  of  the  ceramic  shaft. 
The  presence  of  the  gap  minimizes  the  heat 
transfer  to  the  end  portion  of  the  metal  shaft  even 
when  the  temperature  of  the  ceramic  shaft  rises, 
which  does  not  cause  excessive  temperature 
increase  of  the  metal  shaft.  As  a  result,  the 
loosening  of  the  region  of  fixing,  breakage  of  the 
ceramic  shaft  by  thermal  stress  and  seizure  of  the 
bearing  are  avoided  even  when  the  temperature 
of  the  turbine  rotor  rises.  In  the  turbine  rotor  unit 
according  to  the  invention,  therefore,  it  is  possible 
to  extend  the  tip  of  the  end  portion  of  the  metal 
shaft  near  the  turbine  rotor  and  consequently  all 
elements  required  for  the  attachment  and  sealing 
of  the  lubricant  can  be  arranged  on  the  outer 
peripheral  surface  of  the  end  portion,  whereby 
leakage  of  the  lubricant  is  prevented  even  if  the 
ceramic  shaft  is  broken. 

According  to  the  invention,  the  fixing  of  the 
ceramic  shaft  to  the  metal  shaft  in  the  turbine 
rotor  unit  can  be  carried  out  by  any  suitable  fitting 
or  joining  method. 

Among  these  methods,  fitting  may  be  per- 
formed  by  any  one  of  shrink-fitting,  expansion- 
fitting  and  press-fitting.  Shrink-fitting  and  expan- 
sion-fitting  are  suitable  for  the  production  of  the 
turbine  rotor  unit  wherein  the  size  of  the  fitting 
portion  is  large  because  they  utilize  the  size 
difference  produced  after  one  of  two  members  to 
be  fitted  is  heated  or  cooled. 

Since  the  coefficient  of  thermal  expansion  of 
the  metallic  material  is  generally  larger  than  that 
of  the  ceramic  material  as  previously  mentioned 
and  also  when  the  diameter  of  the  ceramic  shaft  is 
slightly  larger  than  the  inner  diameter  at  the  small 
diameter  part  of  the  hole  of  the  end  portion  of  the 
metal  shaft,  shrink-fitting  by  the  heating  of  the 
metal  is  preferable  because  the  large  size  differ- 
ence  for  fitting  can  stably  be  obtained  at  a  small 
temperature  difference  between  the  metal  and 
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lower  than  the  service  temperature  of  the  press  fit 
portion. 

The  term  "heat  treating  temperature  of  metal 
shaft"  used  herein  means  a  temperature  in  the 
heat  treatment  for  adjusting  the  hardness  of  the  5 
end  portion  of  the  metal  shaft.  For  instance,  the 
heat  treating  temperature  corresponds  to  a  pre- 
cipitation  hardening  temperature  when  the  end 
portion  is  made  from  a  precipitation  hardening 
alloy,  or  to  a  tempering  temperature  when  the  end  w 
portion  is  made  from  a  quench  hardened  steel. 

On  the  other  hand,  the  softening  temperature  of 
the  surface  hardened  layer  corresponds  to  a 
softening  temperature  of  a  nitride  layer  when  the 
surface  hardening  is  carried  out  by  a  nitriding  15 
treatment,  or  to  a  tempering  temperature  in  case 
of  the  surface  quenching. 

When  the  press-fitting  temperature  is  higher 
than  the  tempering  temperature  of  the  metal  shaft, 
the  hardness  of  the  metal  shaft  is  unfavorably  20 
decreased,  reducing  the  tightness  in  the  press  fit 
portion.  When  the  press-fitting  temperature  is 
higher  than  the  softening  temperature  of  the 
surface  hardened  layer,  the  effect  of  surface 
hardening  treatment  is  reduced  undesirably.  And  25 
also,  when  the  press-fitting  temperature  is  higher 
than  the  precipitation  hardening  temperature  of 
the  metal  shaft,  the  metal  shaft  is  hardened  during 
the  heating,  reducing  the  ductility  and  con- 
sequently  the  ceramic  shaft  and  end  portion  are  30 
liable  to  be  broken. 

When  the  press-fitting  temperature  is  lowerthan 
the  service  temperature  of  the  press  fit  portion,  if 
the  temperature  of  the  press  fit  portion  is  raised  to 
its  service  temperature,  the  tightness  is  decreased  35 
due  to  the  loosening  of  the  press  fit  portion 
because  the  thermal  expansion  of  the  metal  shaft 
is  generally  larger  than  that  of  the  ceramic  shaft. 

In  the  turbine  rotor  unit  according  to  the  inven- 
tion,  the  ceramic  shaft  may  be  joined  to  the  metal  40 
shaft  through  adhesion  with  a  heat-resistant 
adhesive  or  brazing.  In  case  of  brazing,  a  metal 
layer  is  previously  formed  on  a  surface  portion  of 
theceramic  shaft  to  be  joined.  The  formation  of  the 
metal  layer  may  be  carried  out  by  a  method  45 
wherein  a  paste-like  composition  consisting 
essentially  of  powdery  metal  is  applied  to  the 
surface  of  the  ceramic  shaft  and  then  dried  and 
baked,  or  by  a  method  wherein  metal  is  deposited 
on  the  surface  of  the  ceramic  shaft  through  so 
physical  or  chemical  evaporation,  or  the  like.  The 
joining  between  the  metal  shaft  and  the  ceramic 
shaft  provided  with  the  metal  layer  may  be  carried 
out  conventionally  using  a  commercially  available 
brazing  alloy.  In  addition  to  the  above  method,  the  55 
ceramic  shaft  can  directly  be  joined  to  the  metal 
shaft  with  the  use  of  a  brazing  alloy  containing  an 
active  metal  without  forming  the  metal  layer  on 
the  ceramic  shaft.  As  the  active  metal,  use  may  be 
made  of  tantalum,  aluminum,  cerium,  titanium,  60 
zirconium  and  the  like  when  the  ceramic  is  a 
nitride;  or  chromium,  tantalum,  titanium,  zir- 
conium,  molybdenum  and  the  like  when  the 
ceramic  is  a  carbide. 

The  ceramic  material  constituting  the  turbine  65 

rotor  unit  according  to  the  invention  may  be 
appropriately  selected  from  ceramics  such  as 
silicon  nitride,  silicon  carbide,  sialon  and  the  like 
having  a  lightweight  and  excellent  high-tempera- 
ture  strength  and  abrasion  resistance  and  com- 
posite  material  consisting  mainly  of  such  ceramics 
in  accordance  with  the  intended  use  of  the  turbine 
rotor  unit  according  to  the  invention. 

As  the  metallic  material  constituting  the  turbine 
rotor  unit  according  to  the  invention,  use  may  be 
made  of  precipitation  hardening  alloys  and 
commercially  available  metallic  materials  which 
can  be  surface  hardened  by  carburizing,  nitriding, 
surface  quenching,  discharge  hardening,  plating 
or  the  like. 

In  a  turbocharger  rotor  using  the  turbine  rotor 
unit  according  to  the  invention,  the  surface 
hardening  of  the  metal  shaft  enhances  the  wear 
resistance  of  that  surface  of  the  metal  shaft  which 
contacts  a  bearing.  When  using  the  precipitation 
hardening  alloy  as  a  material  for  the  metal  shaft, 
the  precipitation  hardening  treatment  is  carried 
out  after  the  fixing  between  the  ceramic  shaft  and 
the  metal  shaft.  Preferably,  the  precipitation 
hardening  alloy  includes  at  least  one  alloy  selected 
from  maraging  steels,  precipitation  hardenable 
stainless  steels  and  precipitation  hardenable 
superalloys. 

When  the  surface  hardening  of  the  metal  shaft  is 
carried  out  by  nitriding,  the  metallic  material 
preferably  includes  at  least  one  chromium-con- 
taining  alloy  selected  from  stainless  steels,  nickel- 
chromium-molybdenum  steels,  chromium- 
molybdenum  steels,  aluminum-chromium- 
molybdenum  steels,  alloy  tool  steels  and  the  like. 
And  also,  when  the  hardening  of  the  metal  shaft  is 
carried  out  by  surface  quenching,  the  metallic 
material  preferably  includes  at  least  one  steel 
selected  from  nickel-chromium-molybdenum 
steels,  chromium-molybdenum  steels,  nickel- 
chromium  steels  and  chromium  steels. 

The  surface  hardening  of  the  metal  shaft  may  be 
carried  out  before  or  after  the  fixing  between  the 
ceramic  shaft  and  the  metal  shaft.  Preferably,  the 
surface  hardening  is  carried  out  before  the  finish 
working  on  the  inner  surface  of  the  end  portion  of 
the  metal  shaft. 

Moreover,  when  the  ceramic  shaft  is  fitted  into 
the  metal  shaft  having  at  its  surface  a  hard  and 
brittle  compound  layer  formed  by  nitriding,  this 
compound  layer  can  not  follow  in  the  deformation 
of  the  metal  shaft  during  the  fitting,  so  that  cracks 
are  produced  in  the  surface  layer.  In  order  to 
prevent  the  occurrence  of  cracks,  it  is  preferable 
that  an  unhardened  surface  zone  is  formed  on  a 
part  of  the  metal  shaft  surface  and  subjected  to  the 
deformation  of  the  metal  shaft  produced  by  fitting 
the  ceramic  shaft  into  the  metal  shaft. 

In  the  turbine  rotor  unit  according  to  the  inven- 
tion,  when  the  material  of  the  metal  shaft  is  a 
precipitation  hardening  alloy,  the  hardness  of  the 
end  portion  is  equal  to  that  obtained  by  precipita- 
tion  hardening  of  such  an  alloy.  On  the  other  hand, 
when  the  metal  shaft  is  made  from  a  metallic 
material  other  than  the  precipitation  hardening 
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First,  the  turbine  rotor  1  and  turbine  shaft  2  are 
formed  in  one  body  of  silicon  nitride.  Thereafter, 
the  turbine  shaft  is  worked  to  a  predetermined 
finish  size.  Then,  one  end  of  the  metal  shaft 

5  composed  of  a  precipitation  hardening  alloy  in  a 
non-precipitation  hardened  state  is  worked  to 
form  the  cylindrical  end  portion  3  having  such  a 
size  that  the  inner  diameter  Dn  at  the  part  towards 
the  opening  is  larger  than  the  diameter  of  the 

w  ceramic  shaft  and  the  inner  diameter  D2  at  the 
bottom  part  is  smaller  than  the  diameter  of  the 
ceramic  shaft.  Further,  the  outer  periphery  of  the 
metal  shaft  is  roughly  worked  to  the  desired 
shape.  Thereafter,  the  ceramic  turbine  shaft  is 

15  press-fitted  into  the  small  diameter  part  of  the 
cylindrical  end  portion  of  the  metal  shaft  at  a 
temperature  not  higher  than  the  precipitation 
hardening  temperature  of  the  metal  shaft  and 
fixed  to  the  metal  shaft  to  produce  the  turbine 

20  rotor  unit  having  a  shape  shown  in  Fig.  1.  Then, 
the  turbine  rotor  unit  is  heated  to  the  precipitation 
hardening  temperature  for  a  predetermined  time 
to  harden  the  metal  shaft  and  then  worked  at  the 
outer  surface  to  predetermined  finish  size  and 

25  shape. 
In  Fig.  2  is  shown  a  second  embodiment  of  a 

turbine  rotor  unit  for  turbocharger  rotor  accord- 
ing  to  the  invention,  wherein  a  part  of  a  ceramic 
shaft  2  integrally  united  with  a  ceramic  rotor  1  is 

30  covered  by  a  cylindrical  end  portion  3  of  a  metal 
shaft. 

The  ceramic  shaft  is  composed  of  a  portion  10 
adjoining  the  ceramic  rotor  and  having  a  large 
diameter  and  a  portion  2  covered  by  the  cylindri- 

35  cal  portion  3  and  having  a  small  diameter.  The 
joint  parts  between  the  large  diameter  portion  10 
of  the  ceramic  shaft  and  the  ceramic  rotor  and 
between  the  large  diameter  portion  10  and  the 
small  diameter  portion  2  are  rounded  at  11  and 

40  12,  respectively.  On  the  outer  periphery  of  the 
large  diameter  portion  10  of  the  ceramic  shaft  is 
arranged  all  elements  (not  shown)  required  for 
attachment  and  sealing  of  lubricant.  The  metal 
shaft  is  composed  of  a  shaft  portion  7  supported 

45  by  a  bearing  6  in  a  bearing  housing  (bearing 
mount  shaft)  and  a  shaft  portion  8  for  securing  a 
compressor  rotor.  The  bearing  mount  shaft  7 
constitutes  the  cylindrical  portion  3.  In  the  hole  of 
the  cylindrical  end  portion  3,  the  inner  diameter 

so  D-,  at  the  part  towards  the  opening  is  larger  than 
the  inner  diameter  D2  at  the  bottom  part,  and  also 
the  ceramic  shaft  is  fixed  to  the  metal  shaft  at  the 
small  diameter  part  of  the  cylindrical  portion. 

The  small  diameter  part  of  the  hole  of  the 
55  cylindrical  end  portion  is  located  between  the 

portions  of  the  bearing  mount  shaft  7  contacting 
the  bearings.  A  gap  13  is  formed  between  the 
open  end  of  the  cylindrical  portion  of  the  metal 
shaft  and  the  back  end  surface  of  the  large 

60  diameter  portion  of  the  ceramic  shaft.  Since  the 
inner  diameter  D-,  at  the  large  diameter  side  of  the 
cylindrical  end  portion  is  larger  than  the  diameter 
of  the  ceramic  shaft  2,  a  gap  13a  for  heat  insula- 
tion  is  formed  between  the  inner  peripheral  sur- 

65  face  at  the  large  diameter  side  of  the  cylindrical 

alloy,  the  hardness  (Hv)_is  adjusted  to  a  range  of 
250  —  450  by  the  heat  treatment.  If  the  particular 
site  of  the  metal  shaft  surface  is  necessary  to  have 
a  hardness  higher  than  the  above  defined  range, 
the  aforementioned  surface  hardening  treatment 
is  applied  to  the  metal  shaft.  When  the  fixing 
between  the  ceramic  shaft  and  the  metal  shaft  is 
carried  out  by  the  fitting,  if  the  hardness  (Hv)  of 
the  cylindrical  portion  of  the  metal  shaft  is  less 
than  250,  the  tightness  between  the  ceramic  shaft 
and  the  cylindrical  portion  may  be  insufficient, 
while  if  the  hardness  (Hv)  exceeds  450,  the 
cylindrical  portion  tends  to  be  broken  during  the 
fitting. 

Figs.  1  and  2  show  particular  structures  of 
turbine  rotor  units  according  to  the  invention  for 
use  in  turbocharger  rotor,  respectively. 

In  Fig.  1  is  shown  a  first  embodiment  wherein  a 
main  part  of  a  ceramic  shaft  2  integrally  united 
with  a  ceramic  rotor  1  is  inserted  into  a  cylindrical 
end  portion  3  of  a  metal  shaft.  The  joint  part 
between  the  ceramic  rotor  1  and  the  ceramic  shaft 
2  is  rounded  at  4  for  mitigating  the  stress  concen- 
tration.  The  metal  shaft  is  composed  of  three 
portions  having  different  diameters,  i.e.  a  portion 
5  located  adjacent  to  the  ceramic  rotor  and 
instituting  all  elements  (not  shown)  required  for 
attachment  and  sealing  of  lubricant  such  as  oil 
slinger,  oil  sealing  groove  and  the  like,  a  shaft 
portion  7  supported  by  a  bearing  6  in  a  bearing 
unit  (hereinafter  referred  to  as  a  bearing  mount 
shaft)  and  a  shaft  portion  8  for  securing  a  com- 
pressor  rotor.  The  portions  5  and  7  of  the  metal 
shaft  constitute  the  cylindrical  end  portion  3.  The 
hole  of  the  portion  3  has  a  diameter  D-i  towards 
the  opening  larger  than  the  diameter  D2  at  the 
bottom  part.  The  ceramic  shaft  is  fixed  to  the 
metal  shaft  at  the  small  diameter  part  of  the 
cylindrical  end  portion  3. 

The  position  of  the  small  diameter  part  of  the 
cylindrical  end  portion  is  determined  so  that  the 
fixing  region  between  the  ceramic  shaft  and  the 
metal  shaft  is  located  between  portions  of  the 
exterior  surface  7  of  the  shaft  contacting  bearings. 
An  axial  gap  9  is  formed  between  the  end  of  the 
cylindrical  end  portion  and  the  back  surface  of  the 
ceramic  rotor,  which  has  such  a  size  that  the  tip  of 
the  cylindrical  end  portion  does  not  contact  the 
back  surface  of  the  ceramic  rotor  at  the  service 
temperature  of  the  turbine  rotor  unit.  If  this  gap  is 
not  present,  the  tip  of  the  cylindrical  portion 
pushes  the  back  surface  of  the  ceramic  rotor  as 
the  temperature  of  the  shaft  part  rises  under  the 
service  conditions  because  the  thermal  expansion 
of  the  metal  shaft  is  largerthan  that  of  the  ceramic 
shaft,  whereby  tensile  stress  may  be  produced  on 
the  ceramic  shaft  to  break  it. 

The  diameter  D,  at  the  large  diameter  part  of 
the  hole  of  the  end  portion  3  is  made  larger  than 
the  diameter  of  the  ceramic  shaft,  whereby  a  heat 
insulating  gap  9a  is  formed  between  the  inner 
peripheral  surface  of  the  portion  3  and  the  outer 
surface  of  the  ceramic  shaft. 

The  turbine  rotor  unit  of  the  illustrated  embodi- 
ment  may  be  produced  as  follows. 



EP  0  179  539  B1 10 

turbine  rotor  unit  was  subjected  to  a  precipitation 
hardening  treatment  at  420°C  for  10  hours  and 
then  finish-worked  to  the  predetermined  size. 

This  turbine  rotor  unit  for  turbocharger  was 
assembled  into  a  high-temperature  rotary  testing 
machine  and  then  a  rotation  test  was  made  with 
combustion  gas  at  150,000  rpm  for  100  hours.  No 
abnormality  was  observed. 

Example  2 
A  turbine  rotor  of  61  mm  in  diameter  and  a 

ceramic  shaft  of  20  mm  in  diameter  and  51  mm  in 
length  were  integrally  formed  of  silicon  nitride  by 
a  pressureless  sintering  process.  Thereafter,  the 
ceramic  shaft  was  worked  to  such  a  shape  that  a 
portion  extending  from  the  tip  of  the  ceramic 
shaft  to  34  mm  has  a  diameter  of  6  mm  and  a 
portion  extending  from  34  mm  to  the  back  surface 
of  the  turbine  rotor  has  a  diameter  of  18  mm, 
while  the  joint  parts  between  the  large  diameter 
portion  and  the  small  diameter  portion  of  the 
ceramic  shaft  and  between  the  back  surface  of  the 
turbine  rotor  and  the  large  diameter  portion  of  the 
ceramic  shaft  were  rounded  at  predetermined 
sizes  and  also  the  tip  of  the  ceramic  shaft  was 
tapered. 

Separately,  a  rod  of  aluminum-chromium- 
molybdenum  steel  (JIS-SACM  645,  hereinafter 
referred  to  as  a  nitrided  steel)  having  a  diameter 
of  10  mm  and  a  length  of  115  mm  was  heated  at 
930°C  for  1  hour,  quenched  in  water  at  room 
temperature  and  tempered  heated  at  600°C  for  1 
hour,  whereby  its  hardness  (Hv)  was  adjusted  to 
350. 

After  the  diameter  of  the  rod  was  reduced  to  9.2 
mm,  the  outer  surface  of  a  region  extending  from 
16  mm  to  34  mm  from  one  end  of  the  rod  (region 
A  of  Fig.  2)  was  covered  with  a  mild  steel  cover  of 
18  mm  in  length,  and  then  the  outer  surface  of  the 
remaining  regions  of  the  rod  was  subjected  to  an 
ion  nitriding  treatment  for  20  hours  while  heating 
at  550°C  in  a  mixed  gas  atmosphere  of  equal 
volumes  of  nitrogen  and  hydrogen  under  a 
pressure  of  4Torr  (5.3x1  02  Pa),  whereby  the  non- 
covered  rod  surface  was  hardened.  By  the  ion 
nitriding  treatment  under  the  above  conditions, 
the  hardness  (Hv)  of  the  nitrided  surface  was 
increased  from  350  (before  the  nitriding)  to  1100 
and  the  hardness  (Hv)  at  a  depth  of  0.2  mm  from 
the  surface  was  700.  On  the  other  hand,  the 
region  covered  with  the  mild  steel  cover  over  a 
width  of  18  mm  had  the  same  hardness  (Hv)  of 
350  as  that  before  the  nitriding  and  no  formation 
of  nitride  at  its  surface. 

Then,  the  end  of  the  nitrided  steel  rod  having 
the  unhardened  surface  portion  of  18  mm  in 
width  was  worked  to  form  a  cylindrical  hole 
having  a  hollow  depth  of  33  mm,  of  which  the 
inner  diameter  extending  from  the  open  end  to  a 
depth  of  17  mm  was  6.1  mm  and  the  inner 
diameter  extending  from  a  depth  of  17  mm  to  33 
mm  was  5.8  mm;  whereby  a  metal  shaft  was 
prepared.  Thereafter,  the  ceramic  shaft  was 
press-fitted  into  the  cylindrical  end  portion  of  the 
metal  shaft  at  350°C,  during  which  the  deforma- 

end  portion  and  the  outer  surface  of  the  ceramic 
shaft  2. 

This  turbine  rotor  unit  may  be  produced  as 
follows.  The  turbine  rotor  1  and  the  turbine  shaft 
are  first  formed  in  one  body  of  silicon  nitride.  5 
Thereafter,  the  turbine  shaft  is  worked  to  pre- 
determined  shape  and  size.  The  particular  site  of 
the  metal  shaft  having  a  hardness  adjusted  by 

-quenching  and  tempering  is  subjected  to  a  sur- 
face  hardening  treatment,  if  necessary.  Then,  one  10 
end  of  the  metal  shaft  is  worked  to  form  the 
cylindrical  end  portion  having  such  a  size  that  the 
inner  diameter  D!  at  the  part  towards  the  opening 
is  larger  than  the  diameter  of  the  ceramic  shaft  2 
and  the  inner  diameter  D2  at  the  bottom  part  is  15 
smaller  than  the  diameter  of  the  ceramic  shaft  2. 

Next,  the  outer  periphery  of  the  metal  shaft  is 
roughly  worked  to  a  shape  close  to  the  desired 
shape  and  size.  Then,  the  ceramic  shaft  2  is  press- 
fitted  into  the  small  diameter  side  of  the  cylindri-  20 
cal  portion  3  at  a  temperature  lower  than  the 
tempering  temperature  of  the  metal  shaft  to 
produce  a  turbine  rotor  unit  having  a  shape 
shown  in  Fig.  2. 

Then,  the  turbine  rotor  unit  is  subjected  to  25 
finishing  work  to  achieve  the  desired  shape  and 
size. 

The  following  examples  are  given  in  illustration 
of  the  invention  and  are  not  intended  as  limita- 
tions  thereof.  30 

Example  1 
A  turbine  rotor  of  61  mm  in  diameter  and  a 

ceramic  shaft  of  9  mm  in  diameter  and  51  mm  in 
length  were  integrally  formed  of  silicon  nitride  by  35 
a  pressureless  sintering  process.  Thereafter,  the 
joint  part  between  the  turbine  rotor  and  the 
ceramic  shaft  was  subjected  to  rounding  at  a 
radius  of  more  than  4  mm,  while  the  diameter  of 
the  ceramic  shaft  was  reduced  to  6  mm,  and  also  40 
the  tip  of  the  ceramic  shaft  was  tapered.  On  the 
other  hand,  one  end  of  a  solution  treated  precipi- 
tation  hardenable  stainless  steel  rod  (JIS-SUS 
630)  having  a  total  length  of  130  mm  and  a 
diameter  of  20  mm  was  worked  to  form  a  cylindri-  45 
cal  hole  having  a  depth  of  50  mm,  of  which  the 
inner  diameter  extending  from  the  open  end  to  a 
depth  of  32  mm  was  6.1  mm  and  the  inner 
diameter  extending  from  a  depth  of  32  mm  to  50 
mm  was  5.8  mm.  Then,  the  outer  periphery  of  the  50 
cylindrical  end  portion  of  the  precipitation 
hardenable  stainless  steel  rod  was  subjected  to 
working  for  attaching  elements  consisting  of  an 
oil  slinger  and  an  oil  sealing  groove  for  attach- 
ment  and  sealing  of  lubricant  and  simultaneously  55 
worked  to  a  size  slightly  larger  than  the  final  size 
as  bearing  mount  shaft  and  compressor  rotor 
mounting  shaft,  whereby  a  metal  shaft  was  pre- 
pared.  Thereafter,  the  ceramic  shaft  was  press- 
fitted  into  the  hole  of  cylindrical  end  portion  of  the  60 
metal  shaft  at  350°C  to  produce  a  turbine  rotor 
unit  for  turbocharger  having  a  shape  shown  in 
Fig.  1,  wherein  the  turbine  rotor  was  made  of 
silicon  nitride  and  the  turbine  shaft  was  made  of 
the  precipitation  hardenable  stainless  steel.  The  65 
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end  portion  of  the  metal  shaft  at  350°C  to  produce 
a  turbine  rotor  unit  comprising  the  turbine  rotor 
made  of  silicon  nitride  and  the  turbine  shaft  made 
from  silicon  nitride  and  nickel-chromium-molyb- 
denum  steel. 

Then,  the  bearing  mount  shaft  and  compressor 
rotor  mounting  shaft  portions  of  the  turbine  rotor 
unit  were  worked  to  diameters  of  9.0  mm  and  6.4 
mm,  respectively,  whereby  there  was  produced  a 
turbine  rotor  unit  for  turbocharger  having  a  shape 
shown  in  Fig.  2,  wherein  the  hardnesses  (Hv)  of 
the  metal  shaft  surface  and  the  metal  shaft  center 
were  430  and  370,  respectively. 

In  the  shaft  part  of  the  turbine  rotor  unit,  the 
ceramic  shaft  was  broken  at  a  torsional  torque  of 
3.0  kg  •  m  as  measured  at  350°C. 

tion  of  the  cylindrical  end  portion  was  restricted 
to  the  unhardened  surface  region,  whereby  a 
turbine  rotor  unit  comprising  the  turbine  rotor 
made  of  silicon  nitride  and  the  turbine  shaft  made 
of  silicon  nitride  and  nitrided  steel  was  produced. 
Then,  the  outer  periphery  of  the  turbine  shaft  was 
worked  to  the  predetermined  shape  of  attaching 
elements  (not  shown)  for  attachment  and  sealing 
of  lubricant  and  as  bearing  mount  shaft  of  9.0  mm 
in  diameter  and  compressor  rotor  mounting  shaft 
of  6.4  mm  in  diameter  to  produce  a  turbine  rotor 
unit  for  turbocharger  having  a  shape  shown  in 
Fig.  2  wherein  the  hardness  (Hv)  of  the  surface 
portion  of  the  bearing  mount  shaft  contacting 
with  the  bearing  was  not  less  than  700. 

After  the  turbine  rotor  unit  for  turbocharger  was 
assembled  into  a  high-temperature  rotary  testing 
machine,  a  rotation  test  was  made  with  combus- 
tion  gas  at  150,000  rpm  for  100  hours.  No  abnor- 
mality  was  observed. 

Moreover,  when  the  ceramic  shaft  was  fixed  to 
the  metal  shaft  by  the  joining  method,  no  defor- 
mation  of  the  metal  shaft  occurred  in  the  fixed 
portion,  so  that  the  use  of  unhardened  band  was 
not  required  in  the  surface  of  the  fixed  portion  of 
the  metal  shaft. 

Example  3 
The  turbine  rotor  units  for  turbocharger  having 

the  same  structures  as  in  Examples  1  and  2  were 
subjected  to  a  high-temperature  rotation  test,  in 
which  a  part  of  the  ceramic  shaft  was  broken 
intentionally.  In  the  turbine  rotor  unit  of  Example 
1  ,  even  if  the  ceramic  shaft  was  broken,  there  was 
caused  no  leakage  of  lubricant  into  the  turbine 
housing.  In  the  turbine  rotor  unit  of  Example  2, 
the  leakage  of  lubricant  into  the  turbine  housing 
occurred  slightly,  which  was  not  a  serious  impedi- 
ment  against  practical  use. 

Example  4 
A  rod  of  nickel-chromium-molybdenum  steel 

(JIS-SNCM  420)  having  a  diameter  of  10  mm  and 
a  length  of  11.5  mm  was  heated  at  850°C  for  0.5 
hour,  oil  quenched  and  tempered  at  500°C  for  1 
hour,  whereby  the  hardness  (Hv)  of  the  rod  was 
adjusted  to  370.  After  the  diameter  of  the  rod  was 
reduced  to  9.2  mm,  a  region  of  the  rod  extending 
to  a  distance  of  50  mm  from  one  end  thereof  was 
subjected  to  a  high  frequency  induction  quench- 
ing  up  to  a  depth  of  2  mm  from  the  outer  surface, 
whereby  this  region  was  hardened.  Then,  the 
region  was  tempered  at  200°C  for  1  hour  to  adjust 
the  hardness  (Hv)  of  the  surface  hardened  region 
to  430.  Thereafter,  the  surface  hardened  rod  was 
worked  to  form  at  one  end  portion  a  cylindrical 
hole  having  a  depth  of  33  mm,  wherein  the  inner 
diameter  extending  from  the  open  end  of  the 
surface  hardened  region  to  a  depth  of  17  mm  was 
6.1  mm  and  the  inner  diameter  extending  from  a 
depth  of  17  mm  to  33  mm  was  5.8  mm,  whereby  a 
metal  shaft  was  prepared. 

A  ceramic  shaft  provided  with  the  ceramic 
turbine  rotor  having  the  same  shape  and  size  as  in 
Example  2  was  press-fitted  into  the  hole  of  the 

10 

15 

Example  5 
An  end  of  a  solution  treated  precipitation 

20  hardenable  stainless  steel  (JIS-SUS  630)  having  a 
whole  length  of  130  mm  and  a  diameter  of  20  mm 
was  worked  to  form  a  cylindrical  hole  having  a 
depth  of  50  mm,  wherein  the  inner  diameter 
extending  from  the  open  end  to  a  depth  of  32  mm 

25  was  6.1  mm  and  the  inner  diameter  extending 
from  a  depth  of  32  mm  to  50  mm  was  5.8  mm.  The 
outer  periphery  of  the  end  portion  of  the  precipi- 
tation  hardenable  stainless  steel  was  worked  for 
attaching  elements  for  attachment  and  sealing  of 

30  lubricant  such  as  oil  slinger,  oil  sealing  groove 
and  the  like,  while  the  bearing  mount  shaft  and 
compressor  rotor  mounting  shaft  portions  were 
worked  to  sizes  larger  by  0.2  mm  in  diameter  than 
the  finish  sizes,  whereby  a  metal  shaft  was  pre- 

35  pared. 
Thereafter,  a  ceramic  shaft  provided  with  the 

ceramic  turbine  rotor  having  the  same  shape  and 
size  as  in  Example  1  was  press-fitted  into  the 
cylindrical  portion  of  the  metal  shaft  at  350°C  to 

40  produce  a  turbine  rotor  unit  for  turbocharger 
comprising  the  turbine  rotor  made  of  silicon 
nitride  and  the  turbine  shaft  made  of  the  precipi- 
tation  hardenable  stainless  steel  and  having  a 
shape  shown  in  Fig.  1. 

45  The  turbine  rotor  unit  was  subjected  to  an  ion 
nitriding  treatment  while  heating  at  420°C  in  a 
mixed  gas  atmosphere  of  equal  volumes  of  nitro- 
gen  and  hydrogen  under  a  pressure  of  4  Torr 
(5.3x1  02  Pa)  and  simultaneously  to  a  precipitation 

so  hardening  treatment.  As  a  result,  the  hardness 
(Hv)  inside  the  metal  shaft  was  increased  from 
320  (before  the  heating)  to  450,  and  also  the 
hardness  (Hv)  of  the  metal  shaft  surface  was 
increased  to  600. 

55  In  the  shaft  part  of  the  turbine  rotor  unit,  the 
ceramic  shaft  was  broken  at  a  torsional  torque  of 
3.5  kg  •  m  as  measured  at  350°C. 

The  structure  and  material  combination  of  the 
turbine  rotor  unit  of  this  invention  and  method  of 

60  producing  the  same  are  not  restricted  to  those 
disclosed  in  the  above  examples. 

To  summarize  the  advantages  which  may  be 
obtained  in  the  turbine  rotor  unit  according  to  the 
invention,  the  ceramic  shaft  is  fixed  to  a  part  of 

65  the  hole  in  the  end  portion  of  the  metal  shaft, 
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while  a  gap  for  heat  insulation  is  present  between 
the  inner  peripheral  surface  of  the  end  portion  at 
the  side  towards  the  turbine  rotor  and  the  outer 
surface  of  the  ceramic  shaft  and  also  the  fixing 
portion  between  the  ceramic  shaft  and  the  metal  s 
shaft  can  be  located  in  the  bearing  housing  and 
forcedly  cooled  by  the  lubricant,  so  that  the 
temperature  increase  of  the  fixing  portion  or 
temperature  gradient  in  axial  direction  thereof  is 
not  caused  and  a  stable  bonding  strength  is  10 
obtained.  Because  of  the  presence  of  the  gap,  the 
tip  of  the  metal  shaft  can  be  extended  near  the 
back  surface  of  the  turbine  rotor  to  arrange 
elements  for  attachment  and  sealing  of  lubricant 
onto  the  outer  periphery  of  the  metal  shaft,  or  can  is 
be  located  from  the  bearing  portion  toward  the 
side  of  the  turbine  rotor.  In  this  case,  even  if  the 
ceramic  shaft  is  broken,  no  leakage  of  lubricant 
into  the  turbine  housing  occurs. 

Thus,  the  turbine  rotor  units  according  to  the  20 
invention  have  excellent  response  and  safety  by 
utilizing  characteristics  of  ceramic  material  such 
as  thermal  resistance,  abrasion  resistance,  high 
strength,  low  specific  gravity  and  the  like. 

25 
Claims 

1.  A  turbine  rotor  unit  comprising  a  ceramic 
rotor  (1),  a  ceramic  shaft  (2)  integrally  united  with 
said  ceramic  rotor  and  a  metal  shaft  provided  30 
with  a  hollow  cylindrical  end  portion  (3)  in  which 
said  ceramic  shaft  is  fixed  by  interference  fitting 
or  by  joining  using  a  bonding  material,  wherein 
there  is  a  first  gap  (9a,  13a)  between  a  part  of  the 
inner  peripheral  surface  of  said  end  portion  (3)  35 
adjacent  the  end  thereof  closer  to  said  ceramic 
rotor  (1)  and  the  outer  surface  of  said  ceramic 
shaft  characterised  in  that  said  first  gap  (9a,  13a) 
has  an  axial  length  greater  than  the  diameter  of 
the  ceramic  shaft  (2)  at  the  fixed  region  thereof  40 
and  there  is  also  a  second  gap  (9,  13)  extending 
axially  between  said  end  of  the  end  portion  (3) 
and  the  surface  of  the  ceramic  shaft  (2)  or  rotor  (1  ) 
axially  opposed  thereto. 

2.  The  turbine  rotor  unit  according  to  claim  1  45 
wherein  the  shape  of  said  first  gap  (9a,  13a)  is 
cylindrical. 

3.  The  turbine  rotor  unit  according  to  claim  1  or 
claim  2,  wherein  two  bearing  contacting  portions 
for  the  support  of  the  turbine  shaft  are  arranged  so 
on  said  end  portion  (3)  of  the  metal  shaft. 

4.  The  turbine  rotor  unit  according  to  any  one  of 
claims  1  to  3,  wherein  on  the  outer  surface  of  said 
end  portion  (3)  are  arranged  elements  for  sealing 
lubricant.  55 

5.  The  turbine  rotor  unit  according  to  any  one  of 
claims  1  to  3,  wherein  elements  for  sealing  lubri- 
cant  are  arranged  on  said  ceramic  shaft  (2)  out- 
side  said  end  portion  (3)  of  said  metal  shaft. 

6.  The  turbine  rotor  unit  according  to  any  one  of  60 
claims  1  to  5,  wherein  said  ceramic  shaft  has  been 
fixed  to  said  metal  shaft  by  a  shrink-fitting,  expan- 
sion-fitting  or  press-fitting. 

7.  The  turbine  rotor  unit  according  to  any  one  of 
claims  1  to  5,  wherein  said  ceramic  shaft  (2)  has  65 

been  fixed  to  said  metal  shaft  by  joining,  using  a 
bonding  material. 

8.  The  turbine  rotor  unit  according  to  any  one  of 
claims  1  to  7,  wherein  said  ceramic  rotor  (1)  and 
ceramic  shaft  (2)  integrally  united  therewith  are 
composed  of  silicon  nitride,  silicon  carbide  or 
sialon,  and  said  metal  shaft  is  composed  of  at 
least  one  of  stainless  steel,  nickel-chromium- 
molybdenum  steel,  chromium-molybdenum 
steel,  maraging  steel,  precipitation  hardenable 
stainless  steel  and  precipitation  hardenable 
superalloy. 

9.  The  turbine  rotor  unit  according  to  any  one  of 
claims  1  to  8,  wherein  a  part  or  whole  of  said 
metal  shaft  has  been  hardened  by  a  precipitation 
hardening  treatment  and/or  a  nitriding  treatment 
or  a  high  frequency  induction  quenching  treat- 
ment. 

10.  A  method  of  producing  a  turbine  rotor  unit 
by  fixing  a  ceramic  shaft  (2)  integrally  united  with 
a  ceramic  rotor  (1)  to  a  metal  shaft,  which  com- 
prises  providing  at  one  end  of  said  metal  shaft  a 
hollow  cylindrical  end  portion  (3)  having  an 
axially  extending  hole  wherein  the  diameter  of 
said  hole  at  a  portion  adjacent  the  open  end 
thereof  is  larger  than  that  at  a  portion  at  the 
bottom  end  of  the  hole,  inserting  said  ceramic 
shaft  (2)  into  said  hole  and  fixing  said  ceramic 
shaft  to  said  metal  shaft  at  the  smaller  diameter 
portion  of  the  hole  by  interference  fitting  or  by 
joining  using  a  bonding  material,  characterised  in 
that  a  gap  (9a,  13a)  of  axial  length  greater  than  the 
diameter  of  the  ceramic  shaft  (2)  at  the  fixed 
region  thereof  remains  at  said  large  diameter 
portion  of  the  hole  between  the  inner  peripheral 
surface  of  said  end  portion  of  the  shaft  and  the 
outer  surface  of  said  ceramic  shaft,  and  a  second 
gap  (9,  13)  remains  between  the  end  of  the  end 
portion  (3)  and  the  surface  of  the  rotor  (1  )  or  shaft 
(2)  opposed  thereto. 

11.  The  method  according  to  claim  10  wherein 
said  fitting  is  a  press-fitting  of  said  ceramic  shaft 
having  a  diameter  larger  than  0.1  —  10%  than  the 
inner  diameter  of  the  shaft,  at  small  diameter 
portion  of  said  hole. 

12.  The  method  according  to  claim  10  or  claim 
11,  wherein  said  fitting  is  performed  by  press- 
fitting  at  a  temperature  not  higher  than  a  temper- 
ing  temperature  of  a  material  constituting  said 
metal  shaft  but  not  lower  than  a  maximum  ser- 
vice  temperature  of  said  fitting  portion. 

13.  The  method  according  to  any  one  of  claims 
10  to  12,  wherein  when  said  fixing  between  said 
ceramic  shaft  (2)  and  said  metal  shaft  is  carried 
out,  the  metal  shaft  has  a  hardness  (Hv)  of 
250  —  450  adjusted  by  heat  treatment. 

14.  The  method  according  to  any  one  of  claims 
10  to  12  wherein  said  fitting  is  performed  by 
press-fitting  at  a  temperature  not  higher  than  the 
precipitation  hardening  temperature  of  a  material 
constituting  said  metal  shaft. 

15.  The  method  according  to  claim  10,  wherein 
said  fixing  between  said  ceramic  shaft  (2)  and 
said  metal  shaft  is  carried  out  by  joining  using  a 
bonding  material. 
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Chrom-Molybdan-Stahl,  Chrom-Molybdan-Stahl, 
Martensit  aushartender  (engl.  "maraging")  Stahl, 
ausscheidungshartbarer  rostfreier  Stahl  und  aus- 
scheidungshartbare  Superlegierung  gebildet  ist. 

5  9.  Turbinenrotoreinheit  nach  einem  der  Ansprii- 
che  1  bis  8,  wobei  die  Metallwelle  ganz  oder 
teilweise  durch  eine  Ausscheidungshartung  und/ 
oder  eine  Nitrierhartung  oder  eine  Hochfrequen- 
zinduktions-Abschreckhartung  gehartet  ist. 

10  10.  Verfahren  zur  Herstellung  einer  Turbinenro- 
toreinheit  durch  Befestigen  einer  mit  einem  Kera- 
mikrotor  (1)  einstiickig  verbundenen  Keramik- 
welle  (2)  an  einer  Metallwelle,  bei  dem  an  einem 
Ende  der  Metallwelle  ein  hohler  zylindrischer 

15  Endbereich  (3)  geschaffen  wird,  der  eine  sich  axial 
erstreckende  Bohrung  aufweist,  wobei  der  Durch- 
messer  dieser  Bohrung  an  einem  dem  offenen 
Ende  derselben  benachbarten  Bereich  groBer  ist 
als  an  einem  Bereich  am  Bodenende  der  Boh- 

20  rung,  die  Keramikwelle  (2)  in  die  Bohrung  einge- 
setzt  und  die  Keramikwelle  mit  der  Metallwelle  an 
dem  Bereich  der  Bohrung  mit  kleinerem  Durch- 
messer  durch  PaBsitz  oder  mittels  eines  Haftma- 
terials  befestigt  wird,  dadurch  gekennzeichnet, 

25  da(S  ein  Spalt  (9a,  13a)  mit  einer  axialen  Lange, 
die  groBer  ist  als  der  Durchmesser  der  Keramik- 
welle  (29  an  dem  befestigten  Bereich  derselben, 
an  dem  Bereich  der  Bohrung  mit  groBen  Durch- 
messer  zwischen  der  inneren  Umfangsflache  des 

30  besagten  Endbereichs  der  Welle  und  der  AuBen- 
flache  der  Keramikwelle  verbleibt  und  daB  ein 
zweiter  Spalt  (9,  13)  zwischen  dem  Ende  des 
Endbereichs  (39  und  der  gegeniiberliegenden 
Oberflache  des  Rotors  (1)  oder  der  Welle  (2) 

35  verbleibt. 
11.  Verfahren  nach  Anspruch  10,  wobei  der  Sitz 

ein  PreBsitz  der  Keramikwelle  ist,  deren  Durch- 
messer  0,1  bis  10%  groBer  ist  als  der  Innendurch- 
messer  der  Welle  in  dem  Bereich  der  Bohrung  mit 

40  kleinem  Durchmesser. 
12.  Verfahren  nach  Anspruch  10  oder  11,  wobei 

der  Sitz  als  PreBsitz  bei  einer  Temperatur  ausge- 
fuhrt  wird,  die  nicht  hoher  ist  als  eine  Vergutungs- 
temperatur  eines  die  Metallwelle  bildenden  Mate- 

45  rials,  aber  nicht  niedriger  ist  als  die  maximale 
Betriebstemperatur  dieses  PaBbereichs. 

13.  Verfahren  nach  einem  der  Anspruche  10  bis 
12,  wobei  die  Metallwelle  eine  durch  Warmebe- 
handlung  eingestellte  Harte  (Hv)  von  250—450 

so  hat,  wenn  die  Befestigung  zwischen  der  Keramik- 
welle  (2)  und  der  Metallwelle  ausgefiihrt  wird. 

14.  Verfahren  nach  einem  der  Anspruche  10  bis 
12,  wobei  der  PaBsitz  als  PreBsitz  bei  einer  Tem- 

.peraturausgefiihrtwird,  die  nicht  hoher  ist  als  die 
55  Ausscheidungshartungstemperatur  eines  die 

Metallwelle  bildenden  Materials. 
15.  Verfahren  nach  Anspruch  10,  wobei  die 

Befestigung  zwischen  der  Keramikwelle  (2)  und 
der  Metallwelle  durch  Verbinden  mittels  eines 

60  Haftmaterials  ausgefClhrt  wird. 
16.  Verfahren  nach  einem  der  Anspruche  10  bis 

14,  wobei  das  Einsetzen  der  Keramikwelle  (2)  in 
die  Metallwelle  durchgefuhrt  wird,  nachdem  ein 
Teil  der  Oberflache  der  Metallwelle  nitriert  wurde, 

65  wobei  der  infolge  des  Einsetzens  verformte 

16.  The  method  according  to  any  one  of  claims 
10  to  14  wherein  said  fitting  of  said  ceramic  shaft 
(2)  into  said  metal  shaft  is  performed  after  a  part 
of  the  surface  of  said  metal  shaft  is  subjected  to  a 
nitriding  treatment  and  the  deformed  region  of 
said  metal  shaft  due  to  the  fitting  is  located  within 
its  unnitriding  region. 

17.  The  method  according  to  any  one  of  claims 
10  to  14  wherein  said  fitting  of  said  ceramic  shaft 
into  said  metal  shaft  is  performed  after  a  part  or 
whole  of  the  surface  of  said  metal  shaft  is 
hardened  by  high  frequency  induction  quenching. 

Patentanspriiche 

1.  Turbinenrotoreinheit,  umfassend  einen  Kera- 
mikrotor  (1),  eine  Keramikwelle  (2),  die  mit  dem 
Keramikrotor  einstiickig  verbunden  ist,  und  eine 
Metallwelle,  die  mit  einem  hohlen  zylindrischen 
Endbereich  (3)  versehen  ist,  in  den  die  Keramik- 
welle  mit  Festsitz  eingesetzt  oder  mit  einem  Bin- 
dematerial  befestigt  ist,  wobei  ein  erster  Spalt  (9a, 
13a)  zwischen  einem  Teil  der  inneren  Umfangsfla- 
che  des  Endbereichs  (3),  nahe  dem  Ende  dessel- 
ben,  das  dem  Keramikrotor  (1)  naherliegt,  und  der 
AuBenflache  der  Keramikwelle  vorgesehen  ist, 
dadurch  gekennzeichnet,  daB  der  erste  Spalt  (9a, 
13a)  eine  axiale  Lange  hat,  die  groBer  ist  als  der 
Durchmesser  der  Keramikwelle  (2)  an  dem  befe- 
stigten  Bereich  derselben,  und  daB  ferner  ein 
zweiter  Spalt  (9,  13)  vorhanden  ist,  der  sich 
zwischen  dem  besagten  Ende  des  Endbereichs  (3) 
und  der  diesem  axial  gegeniiberliegenden  Ober- 
flache  der  Keramikwelle  (2)  oder  des  Rotors  (1) 
axial  erstreckt. 

2.  Turbinenrotoreinheit  nach  Anspruch  1,  wobei 
die  Form  des  ersten  Spalts  (9a,  13a)  zylindrisch 
ist. 

3.  Turbinenrotoreinheit  nach  Anspruch  1  oder 
2,  wobei  an  dem  besagten  Endbereich  (3)  der 
Metallwelle  zwei  Lagerberiihrungsbereiche  zum 
Abstiitzen  der  Turbinenwelle  angeordnet  sind. 

4.  Turbinenrotoreinheit  nach  einem  der  Anspru- 
che  1  bis  3,  wobei  auf  der  AuBenflache  des 
besagten  Endbereichs  (3)  Schmiermittel-Dich- 
tungselemente  angeordnet  sind. 

5.  Turbinenrotoreinheit  nach  einem  der  Anspru- 
che  1  bis  3,  wobei  auf  der  Keramikwelle  (2) 
auBerhalb  des  besagten  Endbereichs  (3)  der 
Metallwelle  Schmiermittel-Dichtungselemente 
angeordnet  sind. 

6.  Turbinenrotoreinheit  nach  einem  der  Anspru- 
che  1  bis  5,  wobei  die  Keramikwelle  mit  der 
Metallwelle  durch  einen  Schrumpfsitz,  einen 
Expansionssitz  oder  einen  PreBsitz  verbunden  ist. 

7.  Turbinenrotoreinheit  nach  einem  der  Anspru- 
che  1  bis  5,  wobei  die  Keramikwelle  (2)  mittels 
eines  Haftmaterials  an  der  Metallwelle  befestigt 
ist. 

8.  Turbinenrotoreinheit  nach  einem  der  Anspru- 
che  1  bis  7,  wobei  der  Keramikrotor  (1)  und  die 
mit  diesem  einstuckig  verbundene  Keramikwelle 
(2)  aus  Siliziumnitrid,  Siliziumkarbid  oder  aus 
Sialon  gebildet  ist,  und  wobei  die  Metallwelle  aus 
mindestens  einem  von  rostfreiem  Stahl,  Nickel- 
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un  acier  inoxydable  durcissable  par  precipitation 
et  un  superalliage  durcissable  par  precipitation. 

9.  Rotor  de  turbine  selon  I'une  quelconque  des 
revendications  1  a  8,  ou  une  partie  ou  la  totalite 
dudit  arbre  en  metal  a  ete  durcie  par  un  traite- 
ment  de  durcissement  par  precipitation  et/ou  un 
traitement  de  nitruration  ou  un  traitement  de 
trempe  par  induction  a  haute  frequence. 

10.  Methode  de  fabrication  d'un  rotor  de  tur- 
bine  en  fixant  un  arbre  en  ceramique  (2)  integrale- 
ment  reuni  a  un  rotor  en  ceramique  (1  )  a  un  arbre 
en  metal,  qui  consiste  a  prevoir,  a  une  extremite 
dudit  arbre  en  metal,  une  portion  cylindrique 
creu.se  (3)  d'extremite  ayant  un  trou  s'etendant 
axialement  ou  le  diametre  dudit  trou  en  une 
portion  adjacente  a  son  extremite  ouverte  est  plus 
grande  que  celui  en  une  portion  a  I'extremite  du 
fond  du  trou,  a  inserer  ledit  arbre  en  ceramique 
(2)  dans  ledit  trou  et  a  fixer  ledit  arbre  en  cerami- 
que  sur  ledit  arbre  en  metal  a  la  portion  de  plus 
petit  diametre  du  trou  par  ajustage  par  interfe- 
rence  ou  par  jonction  en  utilisant  un  materiau  de 
liaison,  caracterisee  en  ce  qu'un  espace  (9a,  13a) 
d'une  longueur  axiale  plus  grande  que  le  diame- 
tre  de  I'arbre  en  ceramique  (2)  a  sa  region  fixee 
reste  a  ladite  portion  de  grand  diametre  du  trou 
entre  la  surface  peripherique  interne  de  ladite 
portion  extreme  de  I'arbre  et  la  surface  externe 
dudit  arbre  en  ceramique  et  un  second  espace  (9, 
13)  reste  entre  I'extremite  de  la  portion  extreme 
(3)  et  la  surface  du  rotor  (1  )  ou  de  I'arbre  (2)  qui  lui 
fait  face. 

11.  Methode  selon  la  revendication  12  ou  ledit 
ajustement  est  un  ajustage  a  pression  dudit  arbre 
en  ceramique  ayant  un  diametre  plus  grand  de 
0,01  —  10%  que  le  diametre  interne  dudit  arbre,  a 
une  portion  de  petit  diametre  dudit  trou. 

12.  Methode  selon  la  revendication  10  ou  la 
revendication  11,  ou  ledit  ajustement  est  accom- 
pli  par  ajustage  a  pression  a  une  temperature  qui 
ne  depasse  pas  une  temperature  de  revenu  d'un 
materiau  constituant  ledit  arbre  en  metal  mais 
pas  plus  faible  qu'une  temperature  maximale 
d'utilisation  de  ladite  portion  de  fixation. 

13.  Methode  selon  I'une  quelconque  des  reven- 
dications  10  a  12,  ou,  lorsque  ladite  fixation  entre 
ledit  arbre  en  ceramique  (2)  et  ledit  arbre  en  metal 
est  effectuee,  I'arbre  en  metal  a  une  durete  (Hv) 
de  250  —  450  ajustee  par  traitement  thermique. 

14.  Methode  selon  I'une  quelconque  des  reven- 
dications  10  a  12,  ou  ledit  ajustement  est  accompli 
par  ajustage  a  pression  a  une  temperature  qui  ne 
depasse  pas  la  temperature  de  durcissement  par 
precipitation  d'un  materiau  constituant  ledit  arbre 
en  metal. 

15.  Methode  selon  la  revendication  10,  ou  ladite 
fixation  entre  ledit  arbre  en  ceramique  (2)  et  ledit 
arbre  en  metal  est  effectuee  par  jonction  en 
utilisant  un  materiau  de  liaison. 

16.  Methode  selon  I'une  quelconque  des  reven- 
dications  10  a  14  ou  ledit  ajustement  dudit  arbre 
en  ceramique  (2)  dans  ledit  arbre  en  metal  est 
accompli  apres  avoir  soumis  une  partie  de  la 
surface  dudit  arbre  en  metal  a  un  traitement  de 
nitruration  et  la  region  deformee  dudit  arbre  en 

Bereich  der  Metallwelle  in  ihrem  unnitrierten 
Bereich  liegt. 

17.  Verfahren  nach  einem  der  Anspruche  10  bis 
14,  wobei  das  Einsetzen  der  Keramikwelle  in  die 
Metallwelle  durchgefiihrt  wird,  nachdem  die  5 
Oberflache  der  Metallwelle  ganz  oder  teil- 
weise  durch  Hochfrequenzinduktions-Abschreck- 
hartung  gehartet  wurde. 

Revendications  10 

1.  Rotor  de  turbine  comprenant  un  rotor  en 
ceramique  (1),  un  arbre  en  ceramique  (2)  integra- 
lement  reuni  audit  rotor  en  ceramique  et  un  arbre 
en  metal  pourvu  d'une  portion  cylindrique  creuse  15 
d'extremite  (3)  ou  ledit  arbre  en  ceramique  est 
fixe  par  ajustage  par  interference  ou  par  jonction 
en  utilisant  un  materiau  de  liaison,  ou  il  y  a  un 
premier  espace  (9a,  13a)  entre  une  partie  de  la 
surface  peripherique  interne  de  ladite  portion  20 
d'extremite  (3)  a  proximite  de  son  extremite  la 
plus  proche  dudit  rotor  en  ceramique  (1)  et  la 
surface  externe  dudit  arbre  en  ceramique, 
caracterise  en  ce  que  ledit  premier  espace  (9a, 
13a)  a  une  longueur  axiale  plus  grande  que  le  25 
diametre  de  I'arbre  en  ceramique  (2)  a  sa  region 
fixee  et  il  y  a  egalement  un  second  espace  (9,  13) 
qui  s'etend  axialement  entre  ladite  extremite  de 
ladite  portion  d'extremite  (3)  et  la  surface  de 
I'arbre  en  ceramique  (2)  ou  du  rotor  (1)  qui  lui  est  30 
axialement  opposee. 

2.  Rotor  de  turbine  selon  la  revendication  1  011 
la  forme  dudit  premier  espace  (9a,  13a)  est  cylin- 
drique. 

3.  Rotor  de  turbine  selon  la  revendication  1  ou  35 
la  revendication  2,  ou  deux  portions  de  contact  de 
palier  pour  le  support  de  I'arbre  de  turbine  sont 
agencees  sur  ladite  portion  d'extremite  (3)  de 
I'arbre  en  metal. 

4.  Rotor  de  turbine  selon  I'une  quelconque  des  40 
revendications  1  a  3,  ou  sur  la  surface  externe  de 
ladite  portion  d'extremite  (3)  sont  agences  des 
elements  pour  I'etancheite  du  lubrifiant. 

5.  Rotor  de  turbine  selon  I'une  quelconque  des 
revendications  1  a  3,  ou  les  elements  pour  I'etan-  45 
cheite  du  lubrifiant  sont  agences  sur  ledit  arbre  en 
ceramique  (2)  en  dehors  de  ladite  portion  d'extre- 
mite  (3)  dudit  arbre  en  metal. 

6.  Rotor  de  turbine  selon  I'une  quelconque  des 
revendications  1  a  5,  ou  ledit  arbre  en  ceramique  50 
a  ete  fixe  audit  arbre  en  metal  par  un  ajustage  a 
retrait,  un  ajustage  par  expansion  ou  un  ajustage 
a  pression. 

7.  Rotor  de  turbine  selon  I'une  quelconque  des 
revendications  1  a  5,  0C1  ledit  arbre  en  ceramique  55 
(2)  a  ete  fixe  audit  arbre  en  metal  par  jonction,  en 
utilisant  un  materiau  de  liaison. 

8.  Rotor  de  turbine  selon  I'une  quelconque  des 
revendications  1  a  7,  ou  ledit  rotor  en  ceramique 
(1)  et  ledit  arbre  en  ceramique  (2)  integralement  60 
reuni  avec  lui  se  composent  de  nitrure  de  silicium, 
carbure  de  silicium  ou  sialon  et  ledit  arbre  en 
metal  se  compose  d'au  moins  I'un  de  I'acier 
inoxydable,  I'acier  au  nickel-chrome-molybdene, 
I'acier  au  chrome-molybdene,  I'acier  maraging,  65 
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en  ceramique  dans  ledit  arbre  en  metal  est 
accompli  apres  avoir  durci  une  partie  ou  la  totalite 
de  la  surface  dudit  arbre  en  metal  par  trempe  par 
induction  haute  frequence. 

metal  du  fait  de  I'adjustement  est  placee  dans  sa 
region  sans  riitruration. 

17.  Methode  selon  I'une  quelconque  des  reven- 
dications  10  a  14  ou  ledit  ajustement  dudit  arbre 
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