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This  invention  relates  to  a  method  of  producing 
a  multi-alloy  component  preform,  in  which  a 
plurality  of  powdered  alloys  are  introduced  into 
an  outer  mold  or  can  having  an  inner  shape  corre- 
sponding  to  the  outer  shape  of  the  desired  pre- 
form,  the  main  bulk  of  each  powdered  alloy  being 
substantially  confined  to  a  respective  portion  of 
the  preform  by  providing  a  confining  means  sub- 
stantially  separating  two  different  alloys  and  de- 
fining  an  interface  therebetween,  and  con- 
solidating  the  powdered  alloys  into  a  preform. 

In  highly  loaded  structures  and  components, 
such  as  gas  turbine  rotors,  the  range  of  properties 
required  very  often  extend  beyond  that  which  is 
available  from  a  single  alloy.  As  a  result  of  this, 
various  schemes  have  been  proposed  and/or  tried 
wherein  one  component  or  part  is  composed  of 
two  portions  welded,  brazed  or  diffusion  bonded 
together.  Generally,  however,  such  methods  do 
not  provide  the  desired  bond  quality  and  also 
often  cause  a  reduction  in  properties  on  or  near 
the  interface  between  the  two  portions. 

US-A-3510935  describes  a  process  of  manu- 
facturing  rod-shaped  multilayer  semi-finished 
material  in  which  a  block  mold  is  filled  with  two  or 
more  different  powders  separated  by  removable 
partitions.  That  edge  of  each  partition  which  is  at 
the  bottom  during  the  charging  of  the  powders  is 
serrated,  canted  or  roughened.  When  each  parti- 
tion  is  removed,  an  interlayer  is  formed  with 
gradual  transition  between  the  two  different  pow- 
ders  which  had  been  separated  by  the  partition. 
The  powders  are  then  compacted  and  sintered  in 
the  block  mold. 

GB-A-530639  describes  a  process  in  which 
powdered  iron  or  steel  is  placed  in  a  mold  the 
shape  of  which  corresponds  to  a  part  to  be  made, 
those  parts  of  the  mold  in  which  there  are  to  be 
hard  metal  insets  or  added  parts  when  the  article 
is  finished  being  left free.  The  iron  or  steel  powder 
is  then  covered  with  a  thin  plate,  a  metal  foil  or  a 
wire  fabric,  and  the  remaining  part  of  the  mold 
which  corresponds  to  the  hard  metal  inset  or 
added  part  is  then  filled  with  a  mixture  of  the 
desired  hard  metal  and  an  auxiliary  metal.  Sinter- 
ing  is  then  carried  out  with  the  intermediate  plate, 
foil  or  fabric  combining  with  the  separated  metals 
to  form  a  homogeneous  body.  Compression  is 
effected  before  or  during  the  sintering. 

According  to  the  present  invention  the  different 
alloys  and  properties  thereof  are  utilized  in  a 
single  component  by  bringing  the  alloys  together 
in  powder  form  prior  to  powder  consolidation. 
Such  consolidation  may  be  hot  isostatic  pressing 
(HIP),  consolidation  at  atmospheric  pressure 
(CPA)  etc. 

According  to  one  aspect  of  the  invention,  a 
method  of  the  type  defined  hereinbefore  is 
characterised  in  that  the  confining  means  has  a 
grid  or  screen  structure  to  allow  a  controlled 
mixing  of  the  powdered  alloys  through  the  per- 
forations  and  a  minimum  separation  of the  alloys, 
eliminating  the  need  for  removing  the  confining 

means  before  consolidating  the  preform. 
According  to  another  aspect  of  the  invention  a 

method  of  the  type  defined  hereinbefore  is 
characterised  in  that  the  confining  means  defines 
an  interface  having  a  large  number  of  protrusions 
and/or  recesses  from  the  general  geometric 
shape  of  the  confining  means  thereby  providing 
an  extended  interface  and  that  the  material  of  the 
confining  means  is  selected  so  as  to  provide 
desired  alloy  elements  to  one  or  both  of  the  alloys 
adjacent  the  said  interface,  thus  producing  an 
interface  alloy  containing  the  material  of  the  con- 
fining  means. 

The  invention  will  now  be  described  in  more 
detail  solely  by  way  of  example,  with  reference  to 
the  accompanying  drawings,  in  which: 

Fig.  1  is  a  fragmentary,  axial,  cross-sectional 
view  of  a  radial  flow  turbine  wheel  preform, 

Fig.  2  is  a  cross-sectional  view  of  the  preform 
illustrated  in  Fig.  1  along  the  line  II-II  thereof, 

Fig.  3  is  a  diagrammatic  vertical  cross-sectional 
view  of  an  apparatus  for  introducing  the  pow- 
dered  alloys  into  the  outer  mold  or  can  in  the  pro- 
duction  of  a  disc-shaped  preform  having  con- 
centric  alloy  portions, 

Fig.  4  is  a  fragmentary  cross-sectional  view  of  a 
mold  with  an  enclosure  means  or  basket  defining 
zig-zag  shaped  interface, 

Fig.  5  is  an  axial  cross-sectional  view  of  a  mold 
with  a  non-cylindrical  basket, 

Fig.  6  is  a  diagrammatic  illustration  of  the 
typical  changes  in  the  outer  shape  and  the  inter- 
face  when  producing  a  final  turbine  wheel  from  a 
preform  of the  type  illustrated  in  Fig.  1,  and 

Fig.  7  is  a  diagrammatical  cross-sectional  view 
of  a  component  preform  comprising  three  differ- 
ent  powdered  alloys. 

In  Figs.  1  and  2  a  radial  flow  turbine  wheel  pre- 
form  10  is  shown  to  consist  of  an  inner  hub 
portion  of  alloy  B  and  an  outer  blade  portion  in 
alloy  A  bonded  together  into  a  monolithic  compo- 
nent  at  an  interface  or  rather  an  interface  zone  11. 

In  Fig.  3  the  method  of  producing  such  a  pre- 
form  in  the  form  of  a  cylindrical  disc  having 
concentric  alloy  portion  is  diagrammatically  illus- 
trated.  The  preform  is  initially  shaped  by  means 
of  an  outer  mold  or  can  12  which  the  powdered 
alloys  fill.  The  outer  can  12  is  positioned  in  an 
enclosure  13  placed  under  vacuum  or  filled  with 
inert  gas  to  prevent  oxidation  of  the  powder 
particles  as  well  known  in  the  art.  To  substantially 
separate  the  two  powders,  a  confining  means  in 
the  form  of  a  basket  14  is  positioned  concentri- 
cally  within  the  outer  can  12.  The  two  concentric 
compartments  on  either  side  of  the  basket  14  are 
filled  with  the  two  alloys  as  indicated.  The  inter- 
face-forming  basket  14  may  have  a  grid  or  screen 
structure,  or  it  can  be  made  from  a  perforated 
sheet,  as  a  zig-zag  wall  with  or  without  perfora- 
tions,  as  a  smooth  wall  etc.  The  purpose  of  the 
basket  is  one  or  more  of  the  following: 

1)  To  separate  the  main  bulk  of  the  two  alloys. 
2)  To  define  the  "macro"-geometry  of  the  alloy 

interface. 
3)  To  allow  a  controlled  mixing  of  some  of  the 



powdered  alloy  particles  in  an  interface  zone  on 
either  side  of  the  interface-forming  basket  to  pro- 
vide  an  interface  zone  consisting  of  an  interface 
alloy  compatible  with  both  alloy  A  and  alloy  B. 
Alternatively,  such  an  interface  zone  may  be 
formed  by  diffusion  of  elements  of  one  alloy  into 
the  other. 

4)  To  provide  a  source  of  alloying  elements 
needed 

a)  for  the  interface  alloy  as  such  or 
b)  to  supply  one  or  more  alloying  elements  to 

either  of  the  alloys  A  or  B  to  compensate  for 
depletion  of  elements  caused  by  diffusion  from 
alloy  A  to  alloy  B  or  vice  versa. 

The  controlled  mixing  of  the  powdered  alloy 
particles  to  provide  the  interface  zone  can  be 
obtained  by  allowing  a  controlled  flow  of  one 
powder  into  the  other  through  the  basket  14, 
when  in  form  of  a  grid,  a  screen  or  the  like.  For 
that  purpose  the  filling  operation  may  be  con- 
trolled  so  that  the  rising  powder  level  in  one 
compartment  precedes  that  in  the  other  by  a  fixed 
or  variable  height  (h)  so  that  a  powder  flow  from 
this  one  to  the  other  compartment  can  take  place 
above  the  level  in  the  other  compartment  with  the 
only  restriction  being  offered  by  the  grid  itself.  In 
determining  h  the  specific  gravity  of  the  two 
powders  as  well  as  other  factors  which  will 
influence  the  behaviour  of  the  flow  of  powder  into 
the  other  compartment  will  have  to  be  taken  into 
account.  The  height  h  and/or  the  restriction 
offered  by  the  grid  can  be  controlled  to  vary  the 
amount  of  mixing  of  one  alloy  into  the  other  and/ 
or  the  thickness  of  the  resulting  interface  zone. 
Variation  of  the  latter  can  be  used  to  compensate 
for  interface  zone  slimming  during  subsequent 
forging  of  the  preform.  The  controlled  transfer  of 
portions  of  one  powdered  alloy  into  the  adjacent 
layer  of  the  other  powdered  alloy  can  also  be 
achieved  in  other  ways,  for  instance  by  rotating 
the  inner  basket  14  or  even  rotating  the  basket  as 
well  as  the  outer  can  12  using  the  centrifugal  force 
to  provide  said  controlled  transfer.  Shaking  would 
be  a  further  alternative.  Instead  of  transferring 
powder  particles,  merely  one  or  more  elements  of 
one  alloy  may  be  transferred  across  the  interface 
to  form  an  interface  zone,  and  this  may  be  accom- 
plished  by  diffusion  when  the  basket  14  has  been 
removed  prior  to  or  during  the  consolidation  step 
or  possible  further  metallurgical  treatment. 

A  zig-zag  type  basket  as  shown  in  Fig.  4  would 
provide  a  considerable  interface  zone  by  diffusion 
alone. 

The  basket  14  may  be  removed  by  decompos- 
ing  or  melting  the  material  in  the  basket  where- 
upon  the  molten  or  decomposed  material  is 
extracted  and/or  evaporated.  However,  as  men- 
tioned  above,  the  material  may  also  be  incor- 
porated  in  one  or  both  of  the  alloys  A  or  B  or  in 
the  interface  alloy. 

Both  the  basket  14  and  the  outer  can  12  may 
have  different  shapes  in  order  to  give  the  best 
final  outer  shape  and  interface  configuration  as 
illustrated  in  Fig.  5  for  the  basket  14. 

After  the  powder  preform  has  been  con- 

solidated,  for  example  by  hot  isostatic  pressing,  it 
may  be  subjected  to  superplastic  or  hot  die 
forging  in  which  the  material  will  flow  into  its  near 
net  shape.  The  turbine  wheel  blank  would  then  be 
ready  for  heat  treatment  and  final  machining.  Hot 
isostatic  pressing  may  be  used  to  shape  the  pre- 
form  to  final  near  net  shape  instead  of  merely  for 
consolidation  purposes. 

The  method  described  will  provide  a  sound 
monolithic  structure  without  the  many  uncertain 
aspects  connected  with  diffusion  bonding  of  solid 
parts.  Also,  the  interface  alloy  will  provide  a 
compliance  zone  between  the  two  alloys  which 
for  example  could  have  a  coefficient  of  expansion 
between  those  of  the  alloys  A  and  B  after  the 
powder  preform  has  been  consolidated.  A 
pressing  and/or  forging  operation  can  follow 
which  will  give final  dimensions  prior  to  machin- 
ing,  as  shown  as  an  example  in  Fig.  6,  in  which 
the  interface  is  indicated  at  11  before  forging  and 
at  15  after  forging.  The  outer  contour  of  the  pre- 
form  is  indicated  at  16  and that  of  the  final  turbine 
wheel  at  17.  The  line  16'  indicates  the  contour 
between  the  blade  and  the  hub  portion  of  the 
turbine  wheel.  Trial  and  error  methods  will  have 
to  be  used  to  determine  the  interface  con- 
figuration  11  in the preform  10 which will  result in 
the  desired  interface  configuration  15  in  the  final 
component.  The  interface  alloy  now  has 
properties  which  lies  between  those  of  A and  B. 
Thus,  there  is  no  sharp  "bonding  line"  between 
the  two  alloys. 

A  preform  according  to  the  invention  can  con- 
sist  of  more  than  two  alloys  and  more  than  one 
basket  14.  Also,  a  basket  can  be  pre-loaded  with 
powder  prior  to  inserting  the  basket  into  the  outer 
can.  This  is  illustrated  in  Fig.  7,  in  which  a  basket 
14'  preloaded  with  powdered  alloy  B  and  a  basket 
14"  preloaded  with  powdered  alloy  C  may  be 
placed  into  the  outer  can  12,  whereupon  a  pow- 
dered  alloy  A  may  be  introduced  to  fill  the 
remaining  space  between  the  two  baskets.  In  this 
instance,  the  baskets  would  have  an  internal  air 
tight  seal  18  of  a  material  which  would  easily  be 
decomposed  and  may  be  extracted  or  absorbed 
into  the  powder  on  either  side  of  the  basket when 
exposed  to  the  operation  temperature  of  the  con- 
solidation  process  or  to  other  influences. 

In  the  example  in  Fig.  7  material  C  could  be  an 
alloy  which  is  resistant  to  corrosion  and  abrasion 
at  high  temperature,  whereas  the  requirement  for 
high  ultimate  tensile  strength  is  less  than  for  the 
alloys  A  and  B.  The  alloy  B  would  be  the  alloy  of 
the  highest  tensile  strength.  The  properties  of 
alloy  A  would  fall  between  those  of  alloys  B and 
C. 

The  method  of  the  invention  has  the  potential 
of  giving  turbines  the  ability  to  operate  at  very 
high  temperatures  and  tip-speeds  without  incur- 
ring  risk  of  failure  by  inadequate  and  unreliable 
bonding.  The  method  offers  numerous  interface 
geometry  choices  for  the  optimization  of  the 
structural  properties  of  the  finished  turbines. 

In  the  specification  the  term  "alloy"  should  be 
taken  to  refer  to  any  solid,  structural  composition 



composed  of  two  or  more  chemical  elements  of 
which  at  least  one  is  a  metal,  providing  this 
composition  lends  itself  to  powder  metallurgy 
processing  methods  including  consolidation 
steps.  Thus,  not  only  mixtures  of  elemental 
metals,  but  also  compositions  such  as  metal 
carbides  and  ceramic  materials  are  comprised  by 
the  term  "alloy"  as  used  in  the  present  Specifica- 
tion. 

1.  A  method  of  producing  a  multi-alloy  compo- 
nent  preform,  in  which  a  plurality  of  powdered 
alloys  are  introduced  into  an  outer  mold  or  can 
(12)  having  an  inner  shape  corresponding  to  the 
outer  shape  of the  desired  preform,  the  main  bulk 
of  each  powdered  alloy  being  substantially  con- 
fined  to  a  respective  portion  of  the  preform  by 
providing  a  confining  means  (14)  substantially 
separating  two  different  alloys  and  defining  an 
interface  therebetween,  and  consolidating  the 
powdered  alloys  into  a  preform,  characterized  in 
that  the  confining  means  (14)  has  a  grid  or  screen 
structure  to  allow  a  controlled  mixing  of  the 
powdered  alloys  through  the  perforations  and  a 
minimum  separation  of  the  alloys,  eliminating  the 
need  for  removing  the  confining  means  before 
consolidating  the  preform. 

2.  A  method  of  producing  a  multi-alloy  compo- 
nent  preform,  in  which  a  plurality  of  powdered 
alloys  are  introduced  into  an  outer  mold  or  can 
(12)  having  an  inner  shape  corresponding  to  the 
outer  shape  of the  desired  preform,  the  main  bulk 
of  each  powdered  alloy  being  substantially  con- 
fined  to  a  respective  portion  of  the  preform  by 
providing  a  confining  means  (14)  substantially 
separating  two  different  alloys  and  defining  an 
interface  therebetween,  and  consolidating  the 
powdered  alloys  to  a  preform,  characterised  in 
that  the  confining  means  (14)  defines  an  interface 
having  a  large  number  of  protrusions  and/or 
recesses  from  the  general  geometric  shape  of  the 
confining  means  thereby  providing  an  extended 
interface,  and  that  the  material  of  the  confining 
means  (14)  is  selected  so  as  to  provide  desired 
alloy  elements  to  one  or  both  of  the  alloys 
adjacent  the  said  interface,  thus  producing  an 
interface  alloy  containing  the  material  of  the  con- 
fining  means  (14). 

1.  Procédé  de  fabrication  d'une  préforme  en 
composants  en  alliages  multiples,  selon  lequel  on 
introduit  plusieurs  alliages  en  poudre  dans  un 
moule  ou  boîte  exterieur  (12)  ayant  une  forme 
intérieure  qui  correspond  à  la  forme  extérieure  de 
la  préforme  désirée,  la  mass  principale  de  chaque 
alliage  en  poudre  étant  pratiquement  confinée  à 
une  partie  respective  de  la  préforme  par 
l'établissement  d'un  moyen  de  confinement  (14) 
qui  sépare  sensiblement  deux  alliages  différents 
et  définit  une  interface  entre  eux,  et  de  con- 
solidation  des  alliages  pulvérulents  en  une  pré- 

forme,  caractérisé  en  ce  que  le  moyen  de  confine- 
ment  (14)  présente  une  structure  en  grille  ou  en 
tamis  pour  permettre  un  mélange  réglé  des  al- 
liages  en  poudre  à  travers  les  perforations  et  un 
minimum  de  séparation  des  alliages,  en  éliminant 
la  nécessité  d'enlever  le  moyen  de  confinement 
avant  de  consolider  la  préforme. 

2.  Procédé  de  fabrication  d'une  préforme  en 
composants  en  alliages  multiples,  selon  lequel  on 
introduit  plusieurs  alliages  en  poudre  dans  un 
moule  ou  boîte  exterieur  (12)  ayant  une  forme 
intérieure  qui  correspond  à  la  forme  extérieure  de 
la  préforme  désirée,  la  masse  principale  de  cha- 
que  alliage  en  poudre  étant  pratiquement  confi- 
née  à  une  partie  respective  de  la  préforme  par 
l'établissement  d'un  moyen  de  confinement  (14) 
qui  sépare  sensiblement  deux  alliages  différents 
et  définit  une  interface  entre  eux,  et  de  con- 
solidation  des  alliages  pulvérulents  en  une  pré- 
forme,  caractérisé  en  ce  que  le  moyen  de  confine- 
ment  (14)  définit  une  interface  présentant  un 
grand  nombre  de  protubérances  et/ou  d'évide- 
ments  à  partir  de  la  forme  géométrique  générale 
du  moyen  de  confinement  pour  obtenir  ainsi  une 
interface  prolongée  et  en  ce  que  le  matériau  du 
moyen  de  confinement  (14)  est  choisi  de  manière 
à  fournir  les  éléments  désirés  d'alliage  à  l'un  ou 
aux  deux  alliages  adjacentes  à  ladite  interface,  en 
produisant  ainsi  un  alliage  interface  qui  contient 
la  matière  du  moyen  de  confinement  (14). 

1.  Verfahren  zur  Herstellung  eines  Vorformlings 
bzw.  Rohlings  aus  einer  Mehrfachlegierung,  bei 
dem  mehrere  pulverförmige  Legierungen  jeweils 
in  eine  äußere  Form  bzw.  ein  äußeres  Behältnis 
(12)  eingefüllt  werden,  wobei  das  Behältnis  eine 
Innenform  aufweist,  die  der  äußeren  Form  des 
gewünschten  Vorformlings  entspricht,  und  wobei 
die  Hauptmenge  jeder  pulverförmigen  Legierung 
im  wesentlichen  einem  entsprechenden  Teil  des 
Vorformlings  zugeordnet  wird,  indem  ein  Trenn- 
element  (14)  vorgesehen  wird,  daß  zwei  ver- 
schiedene  Legierungen  im  wesentlichen  vonein- 
ander  trennt  und  eine  Grenzfläche  zwischen  den 
Legierungen  definiert,  und  bei  dem  die  Legierun- 
gen  zu  dem  Vorformling  verfestigt  werden,  da- 
durch  gekennzeichnet  daß  das  Trennelement  (14) 
eine  Gitter-  oder  Siebstruktur  aufweist,  um  eine 
kontrollierte  bzw.  gesteuerte  Vermischung  der 
pulverisierten  Legierungen  durch  die  Perforation 
hindurch  und  eine  minimale  Separation  der  Le- 
gierungen  zu  ermöglichen,  derart,  daß  das  Erfor- 
dernis  der  Entfernung  des  Trennelements  vor 
Verfestigung  des  Vorformlings  entfällt. 

2.  Verfahren  zur  Herstellung  eines  Vorformlings 
bzw.  Rohlings  aus  einer  Mehrfachlegierung,  bei 
dem  mehrere  pulverförmige  Legierungen  jeweils 
in  eine  äußere  Form  bzw.  ein  äußeres  Behältnis 
(12)  eingefüllt  werden,  wobei  das  Behältnis  eine 
Innenform  aufweist,  die  der  aüußeren  Form  des 
gewünschten  Vorformlings  entspricht,  und  wobei 
die  Hauptmenge  jeder  pulverförmigen  Legierung 
im  wesentlichen  einem  entsprechenden  Teil  des 



Vorformlings  zugeordnet  wird,  indem  ein  Trenn- 
element  (14)  vorgesehen  wird,  das  zwei  ver- 
schiedene  Legierungen  im  wesentlichen  vonein- 
ander  trennt  und  eine  Grenzfläche  zwischen  den 
Legierungen  definiert,  und  bei  dem  die  Legierun- 
gen  zu  dem  Vorformling  verfestigt  werden,  da- 
durch  gekennzeichnet,  daß  das Trennelement  (14) 
eine  Grenzfläche  definiert  mit  einer  großen  Zahl 
von  Vorsprüngen  und/oder  Ausnehmungen  ent- 

sprechend  der  Geometrie  bzw.  Struktur  des 
Trennelements,  wodurch  eine  vergrößerte  Grenz- 
fläche  erhalten  wird,  und  daß  das  Material  des 
Trennelements  (14)  so  ausgewählt  ist,  daß  es  ein 
gewünschtes  Legierungselement  für  die  eine 
oder  beide  Legierungen  darstellt,  die  an  der 
Grenzfläche  angrenzen,  so  daß  eine  Grenzschicht- 
legierung  entsteht,  die  das  Material  des  Trenn- 
elements  (14)  enthält. 
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