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Description 

The  present  invention  relates  to  a  variable 
geometry  turbine  actuator  assembly  and  in  particular 
to  such  a  turbine  suitable  for  use  in  association  with 
a  turbine  for  an  internal  combustion  engine. 

Turbines  generally  comprise  a  turbine  wheel 
mounted  in  a  turbine  chamber,  an  annular  inlet  pas- 
sageway  arranged  around  the  turbine  chamber,  an 
inlet  chamber  arranged  around  the  inlet  passageway 
and  an  outlet  passageway  extending  from  the  turbine 
chamber.  The  passageways  and  chambers  communi- 
cate  such  that  pressurised  gas  admitted  to  the  inlet 
chamber  flows  through  the  inlet  passageway  to  the 
outlet  passage  way  via  the  turbine  chamber,  thereby 
driving  the  turbine  wheel.  In  a  variable  geometry  tur- 
bine,  one  wall  of  the  inlet  passageway  is  defined  by 
a  movable  annular  wall  member  to  position  of  which 
relative  to  a  facing  wall  of  the  inlet  passageway  is 
adjustable  to  control  the  width  of  the  inlet  passage- 
way. 

One  known  variable  geometry  turbine  arrange- 
ment  is  described  in  European  Patent  Specification 
EP-A-0080810.  In  the  described  arrangement  a  thin 
walled  annular  wall  member  is  supported  on  a  pair  of 
guide  pins  which  extend  parallel  to  and  are  slidable 
parallel  to  the  axis  of  rotation  of  the  turbine  wheel. 
Each  pin  is  acted  upon  by  a  respective  actuator.  Such 
an  arrangement  raises  various  problems  in  terms  of 
ease  of  manufacture  and  reliability.  With  regard  to 
ease  of  manufacture,  the  actuators  must  be  accom- 
modated  in  the  limited  space  around  and  close  to  the 
axis  of  the  turbine  and  this  is  a  real  constraint  upon  the 
turbine  design.  With  regard  to  reliability,  the  structure 
is  exposed  to  considerable  temperature  gradients 
which  can  lead  to  jamming  of  the  pins  if  they  are  sub- 
jected  to  transverse  stress.  Doubts  as  to  long  term 
reliability  have  been  a  major  factor  in  holding  back  the 
introduction  of  variable  geometry  turbines.  A  similar 
arrangement  is  known  from  EP-A-0  095  853. 

It  is  an  object  of  the  present  invention  to  provide 
a  variable  geometry  turbine  which  obviates  or  miti- 
gates  the  problems  outlined  above. 

According  to  the  present  invention  there  is  pro- 
vided  an  actuator  assembly  for  a  variable  geometry 
turbine  comprising  an  annular  inlet  passageway,  one 
wall  of  which  is  defined  by  a  movable  annular  wall 
member  the  position  of  which  relative  to  a  facing  wall 
of  the  inlet  passageway  is  adjustable  to  control  the 
width  of  the  inlet  passageway,  the  annular  wall  mem- 
ber  being  supported  or  a  pair  of  pins  which  extend 
parallel  to  and  are  slidable  parallel  to  the  axis  of  rota- 
tion  of  the  turbine  wheel,  characterised  in  that  each 
pin  is  engaged  by  a  respective  arm  of  a  pivotally 
mounted  stirrup  the  angular  position  of  which  is  con- 
trolled  by  a  single  actuator,  the  engagement  between 
the  pins  and  the  stirrup  being  such  that  pivotal  move- 
ment  of  the  stirrup  causes  axial  movement  of  the  pins. 

Preferably  each  pin  defines  a  slot  intermediate  its 
ends  and  the  end  of  the  respective  arm  of  the  stirrup 
engages  in  the  slot. 

Preferably  the  end  of  the  stirrup  which  engages 
5  in  the  slot  defines  an  arcuate  surface  which  bears 

against  the  edges  of  the  slot. 
Preferably  the  stirrup  is  of  sheet  metal  and  each 

stirrup  arm  is  arranged  such  that  the  plane  defined  by 
the  sheet  from  which  it  is  formed  extends  parallel  to 

10  the  said  axis. 
An  embodiment  of  the  present  invention  will  now 

be  described,  by  way  of  example,  with  reference  to 
the  accompanying  drawings,  in  which  :- 

Fig.  1  is  a  cut-away  view  looking  along  the  axis  of 
15  a  variable  geometry  turbine  in  accordance  with 

the  present  invention,  the  view  showing  axially 
spaced  features  of  the  turbine; 
Figs.  2,  3  and  4  are  sectional  views  taken  on  the 
line  X-X  of  Fig.  1  with  components  of  the  assem- 

20  bly  of  Fig.  1  shown  respectively  in  the  fully  closed, 
half  closed  and  fully  open  positions; 
Fig.  5  is  a  representation  of  the  relationship  be- 
tween  turbine  efficiency  and  mass  flow  through 
the  turbine  of  Fig.  1  ,  at  a  constant  expansion  ratio; 

25  Fig.  6  illustrates  the  interrelationship  between 
guide  pins  supporting  a  movable  wall  member  of 
the  arrangement  of  Figs.  1  to  4  and  a  stirrup 
member  which  controls  the  position  of  those 
guide  pins; 

30  Fig.  7  illustrates  the  interrelationship  between  a 
guide  pin  of  the  type  illustrated  in  Fig.  6  and  a 
movable  wall  member;  and 
Fig.  8  illustrates  the  mounting  of  a  nozzle  vane 
support  ring  incorporated  in  the  arrangement  of 

35  Figs.  1  to  4. 
Referring  now  to  Figs.  1  to  4,  the  illustrated  vari- 

able  geometry  turbine  comprises  a  turbine  housing  1 
defining  a  volute  or  inlet  chamber  2  to  which  exhaust 
gas  from  an  internal  combustion  engine  (not  shown) 

40  is  delivered.  The  exhaust  gas  flows  from  the  inlet 
chamber  2  to  an  outlet  passageway  3  via  an  inlet  pas- 
sageway  defined  on  one'  side  by  a  movable  annular 
member  4  and  on  the  other  side  by  a  wall  5  which 
faces  the  movable  annular  wall  member  4.  An  array 

45  of  nozzle  vanes  6  supported  on  a  nozzle  support  ring 
7  extends  across  the  inlet  passageway.  Gas  flowing 
from  the  inlet  passageway  2  to  the  outlet  passageway 
3  passes  over  a  turbine  whell  8  and  as  a  result  a  tor- 
que  is  applied  to  a  turbocharger  shaft  9  which  drives 

so  a  compressor  whell  1  0.  Rotation  of  the  whell  1  0  press- 
urises  ambient  air  present  in  an  air  inlet  11  and  deliv- 
ers  the  pressurised  air  to  an  air  outlet  or  volute  12. 
That  pressurised  air  is  fed  to  the  internal  combustion 
engine  (not  shown). 

55  The  movable  annular  wall  member  4  is  contacted 
by  a  sealing  ring  13  and  comprises  a  radially  inner 
tubular  wall  14,  a  radially  extending  annular  portion 
15  which  defines  slots  through  which  the  vanes  6 
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extend,  a  radially  outer  tubular  portion  16  which  bears 
against  the  sealing  ring  13,  and  a  radially  extending 
flange  17.  The  radially  outer  tubular  portion  16  is 
engaged  by  two  diametrically  opposed  members  18 
which  are  supported  on  respective  guide  pins  19. 

The  nozzle  support  7  is  mounted  on  an  array  of 
four  guide  pins  20  so  as  to  be  movable  parallel  to  the 
axis  of  rotation  of  the  turbocharger.  Each  of  the  guide 
pins  20  is  biased  by  a  compression  spring  21  towards 
the  right  in  Figs.  2  to  4.  Thus  the  nozzle  support  7  and 
the  vanes  mounted  on  it  are  biased  towards  the  right 
in  Figs.  2  to  4  and  accordingly  normally  assume  the 
position  shown  in  Fig.  2,  with  the  free  ends  of  the 
vanes  6  bearing  against  the  facing  wall  5  of  the  inlet 
passageway. 

A  pneumatically  operated  actuator  22  is  operable 
to  control  the  position  of  an  output  shaft  23  that  is  lin- 
ked  to  a  stirrup  member  24  that  engages  each  of  the 
guide  pins  19.  Thus  by  controlling  the  actuator  22  the 
axial  position  of  the  guide  pins  19  and  thus  of  the  mov- 
able  annular  wall  member  4  can  be  controlled.  Fig.  2 
shows  the  movable  annular  wall  member  in  its  fully 
closed  position  in  which  the  radially  extending  portion 
15  of  the  member  abuts  the  facing  wall  5  of  the  inlet 
passageway.  Fig.  3  shows  the  annular  wall  member 
4  in  a  half  open  position  and  Fig.  4  shows  the  annular 
wall  member  4  in  a  fully  open  position.  As  the  actuator 
22  is  positioned  at  a  considerable  distance  from  the 
turbine  axis,  space  is  not  a  problem.  Furthermore,  the 
precise  radial  position  of  the  actuator  shaft  23  is  not 
critical,  allowing  tolerances  to  be  increased.  Equally 
radial  expansion  due  to  thermal  distortion  is  not  a  criti- 
cal  problem. 

Referring  to  Fig.  4,  a  dotted  line  25  indicates  an 
imaginary  surface  which  is  coplanar  with  the  end  sur- 
face  of  the  turbine  housing  the  downstream  side  of  the 
movable  member  4  and  adjacent  which  the  turbine 
wheel  8  is  positioned.  This  surface  in  effect  defines 
one  side  of  the  inlet  passageway  to  the  turbine  cham- 
ber.  When  the  wall  of  the  inlet  passageway  defined  by 
the  movable  annularwall  member4  is  aligned  with  the 
imaginary  surface  25  the  spacing  between  the  annu- 
lar  wall  member  4  and  the  facing  wall  5  is  for  the  pur- 
poses  of  the  present  description  deemed  to 
correspond  to  the  inlet  width  of  the  inlet  passageway 
downstream  of  the  vanes  6.  This  condition  is  referred 
to  below  as  100%  of  nominal  inlet  width.  When  the 
movable  annular  wall  member  4  is  in  the  "100%  of 
nominal  inlet  width"  position  the  vanes  7  are  still  in 
contact  with  the  facing  wall  5.As  the  annular  wall 
member  4  moves  further  away  from  the  facing  wall  5 
the  gap  between  the  rear  face  of  the  annular  wall 
member  4  and  the  nozzle  support  7  is  reduced  until 
the  two  come  into  contact.  This  occurs  when  the  spac- 
ing  between  the  annular  wall  member  and  the  facing 
surface  5  corresponds  to  135%  of  the  nominal  inlet 
passageway  inlet  width.  Further  movement  of  the 
annular  wall  member  4  away  from  the  facing  wall  5 

results  in  the  nozzle  support  7  moving  with  the  annu- 
lar  wall  member  4.  Accordingly,  the  free  ends  of  the 
vanes  6  are  pulled  back  from  the  facing  wall  5  and  a 
gap  therefore  develops  in  the  inlet  passageway  be- 

5  tween  the  free  ends  of  the  vanes  and  the  facing  wall. 
This  increases  the  effective  area  of  the  inlet  passage- 
way.  When  the  annularwall  member  4  is  fully  retrac- 
ted  (Fig.  4)  its  position  corresponds  to  165%  of  the 
nominal  inlet  passageway  width. 

10  Referring  now  to  Fig.  5,  this  illustrates  the  effect 
on  turbine  efficiency  of  movements  of  the  annularwall 
member  4  and  the  nozzle  support  7.  The  point  on  the 
curve  corresponding  to  1  00%  of  nominal  inlet  width  is 
indicated  by  numeral  26.  The  points  on  the  curve  cor- 

15  responding  to  135%  opening  and  165%  opening  are 
indicated  by  numerals  27  and  28  respectively.  Thus  it 
can  be  seen  that  by  providing  for  the  annular  wall 
member  4  to  open  well  beyond  the  nominal  100% 
position  and  by  providing  for  partial  retraction  at  least 

20  of  the  nozzle  vanes  the  operational  characteristics  of 
the  turbine  can  be  modified  to  increase  the  proportion 
of  those  operating  characteristics  which  lie  within  a 
high  efficiency  region  of  the  performance  curve. 
Essentially,  for  a  given  flow  range  (corresponding  to 

25  a  fixed  distance  parallel  to  the  flow  axis)  the  ability  to 
extend  the  characteristic  curve  to  point  28  increases 
the  mean  turbine  efficiency  by  avoiding  operating  the 
turbine  in  the  less  efficient  region  indicated  by  the 
left-hand  end  of  the  curve  in  Fig.  5. 

30  Referring  now  to  Fig.  6,  this  shows  the  interen- 
gagement  between  the  stirrup  24  and  one  of  the 
guide  pins  19  upon  which  the  movable  annularwall 
member  4  is  mounted.  The  two  ends  of  the  stirrup  24 
engage  in  slots  cut  in  side  surfaces  of  pins  19.  The 

35  edges  of  the  stirrup  ends  which  bear  against  the  ends 
of  the  slots  are  curved  so  that  the  clearance  between 
each  stirrup  end  and  the  slot  ends  is  constant.  The 
stirrup  24  is  pivoted  on  pivot  pins  29  so  that  the  stirrup 
24  forms  a  lever  which  can  be  moved  to  precisely 

40  position  the  pins  19.  The  stirrup  24  is  formed  from 
sheet  steel  arranged  such  that  the  stirrup  is  relatively 
stiff  in  the  direction  parallel  to  the  axis  of  pins  19  but 
relatively  flexible  perpendicular  to  the  pins.  Thus 
transverse  forces  on  the  pins  19  are  minimised, 

45  thereby  reducing  the  probability  of  the  pins  19  jam- 
ming  in  the  bearings  within  which  they  slide.  Further- 
more,  as  the  stirrup  24  engages  central  portions  of 
the  pins  19  the  bearings  in  which  the  pins  19  are 
mounted  are  relatively  widely  spaced. 

so  Fig.  7  illustrates  the  interengagement  between 
the  guide  pins  19  and  the  annularwall  member  4.  The 
member  4  is  exposed  to  large  variations  in  tempera- 
ture  and  pressure  and  can  accordingly  distort  to  a  cer- 
tain  degree.  If  the  linkage  between  the  member  4  and 

55  the  pin  19  was  rigid  such  distortion  would  apply  sig- 
nificant  transverse  forces  to  the  pins  19.  Accordingly 
the  engagement  between  the  member  4  and  19  is 
such  that  distortion  of  the  member  4  can  be  accom- 

3 
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modated  without  applying  transverse  forces  to  the 
pin. 

As  shown  in  Fig.  7  this  is  achieved  by  rigidly 
mounting  a  bridge  link  plate  18  on  the  end  of  each  pin 
19.  Two  legs  30  of  the  bridge  link  engage  in  slots  31 
defined  in  the  tubular  portion  16  of  the  member4  adja- 
cent  the  flange  17.  The  result  is  a  structure  which  is 
adequately  rigid  in  the  direction  of  the  axis  of  the  pins 
1  9  to  ensure  close  control  of  the  axial  position  of  the 
member  4  but  which  is  sufficiently  loose  in  the  radial 
and  circumferential  directions  to  accommodate  ther- 
mal  distortions  of  the  member  4.  The  member  4  is  in 
effect  located  on  the  vanes  6  and  thus  the  member  4 
is  maintained  in  position  despite  its  relatively  loose 
mounting. 

The  bridge  links  18  can  be  thicker  than  the  flange 
1  7  to  maintain  a  stiff  joint  in  the  axial  direction,  and  the 
width  of  the  links  1  8  maintains  a  good  resistance  to  tilt- 
ing  of  the  member  4  relative  to  the  turbine  axis. 

Referring  now  to  Fig.  8,  this  illustrates  the  inter- 
relationship  between  the  spring  biased  support  pins 
20  and  the  nozzle  support  7  on  which  the  vanes  6  are 
mounted.  Each  pin  20  has  rigidly  mounted  on  its  end 
a  bracket  32  which  has  a  flat  surface  engaging  the 
rear  side  of  the  nozzle  support  ring  7  and  an  inner 
edge  which  is  flanged  to  engage  inside  the  radially 
inner  edge  of  the  nozzle  support  ring  7. 

The  illustrated  arrangement  comprises  a  single 
annular  seal  13  arranged  around  the  radially  outer 
side  of  the  movable  wall  member  4.  Alternative  seal- 
ing  arrangements  are  possible,  however,  for  example 
a  pair  of  seals  arranged  respectively  on  the  radially 
inner  and  outer  portions  of  the  movable  annular  wall 
member  4. 

It  will  also  be  appreciated  that  more  than  one 
actuator  could  be  provided  to  control  the  position  of 
the  stirrup  24.  For  example  two  actuators  could  be 
provided  in  a  push/pull  arrangement.  Such  an 
arrangement  might  be  appropriate  for  example  where 
a  relatively  large  single  actuator  would  occupy  too 
much  of  the  available  radial  space. 

Claims 

1  .  An  acuator  assembly  for  a  variable  geometry 
turbine  comprising  an  annular  inlet  passageway,  one 
wall  of  which  is  defined  by  a  movable  annular  wall 
member  (4)  the  position  of  which  relative  to  a  facing 
wall  (5)  of  the  inlet  passageway  is  adjustable  to  con- 
trol  the  width  of  the  inlet  passageway,  the  annularwall 
member  (4)  being  supported  on  a  pair  of  pins  (19) 
which  extend  parallel  to  and  are  slidable  parallel  to  the 
axis  of  rotation  of  the  turbine  wheel  (8),  characterised 
in  that  each  pin  (19)  is  engaged  by  a  respective  arm 
of  a  pivotally  mounted  stirrup  (24)  the  angular  position 
of  said  stirrup  (24)  is  controlled  by  one  or  more 
actuator(s)  (22),  the  engagement  between  the  pins 

(19)  and  the  stirrup  (24)  being  such  that  pivotal  move- 
ment  of  the  stirrup  (24)  causes  axial  movement  of  the 
pins  (19). 

2.  An  actuator  assembly,  for  a  variable  geometry 
5  turbine  according  to  claim  1,  wherein  each  pin  (19) 

defines  a  slot  intermediate  its  ends  and  the  end  of  the 
respective  arm  of  the  stirrup  (24)  engages  in  the  slot. 

3.  An  actuator  assembly  for  a  variable  geometry 
turbine  according  to  claim  2,  wherein  the  end  of  the 

10  stirrup  (24)  which  engages  in  the  slot  defines  an 
arcuate  surface  which  bears  against  the  edges  of  the 
slot. 

4.  An  actuator  assembly  for  a  variable  geometry 
turbine  according  to  claim  1  ,  2  or  3,  wherein  the  stir- 

15  rup  (24)  is  fabricated  from  sheet  metal  and  each  stir- 
rup  arm  is  arranged  such  that  the  plane  defined  by 
the  sheet  from  which  it  is  formed  extends  parallel  to 
the  said  axis. 

20 
Patentanspruche 

1  .  Betatigungsanordnung  fur  eine  Turbine  mit  va- 
riabler  Geometrie,  umfassend  einen  ringformigen 

25  Einlalidurchgang,  wovon  eine  Wand  durch  ein  be- 
wegliches  ringformiges  Wandglied  (4)  gebildet  ist, 
dessen  Stellung  in  bezug  auf  eine  zugewandte  Wand 
(5)  des  Einlalidurchgangs  zum  Steuern  der  Breite 
des  Einlalidurchgangs  einstellbar  ist,  wobei  das  ring- 

30  formige  Wandglied  (4)  von  einem  Paar  Bolzen  (19) 
getragen  wird,  die  sich  parallel  zur  Drehachse  des 
Turbinenrads  (8)  erstrecken  und  parallel  dazu  gleitbar 
sind,  dadurch  gekennzeichnet,  dali  jeder  Bolzen  (19) 
von  einem  jeweiligen  Arm  eines  schwenkbar  gehal- 

35  terten  Bugels  (24)  in  Eingriff  genommen  wird,  dali  die 
Winkelposition  des  Bugels  (24)  von  einem  oder  meh- 
reren  Betatigungsorgan(en)  (22)  gesteuert  wird,  wo- 
bei  der  Eingriff  zwischen  den  Bolzen  (19)  und  dem 
Bugel  (24)  von  solcher  Art  ist,  dali  eine  Schwenkbe- 

40  wegung  des  Bugels  (24)  eine  Axialbewegung  der  Bol- 
zen  (19)  bewirkt. 

2.  Betatigungsanordnung  fur  eine  Turbine  mit  va- 
riabler  Geometrie  nach  Anspruch  1,  wobei  jeder  Bol- 
zen  (19)  zwischen  seinen  Enden  einen  Schlitz  bildet 

45  und  das  Ende  des  jeweiligen  Arms  des  Bugels  (24)  in 
den  Schlitz  eingreift. 

3.  Betatigungsanordnung  fur  eine  Turbine  mit  va- 
riabler  Geometrie  nach  Anspruch  2,  wobei  das  in  den 
Schlitz  eingreifende  Ende  des  Bugels  (24)  eine  gebo- 

50  gene  Oberflache  bildet,  die  gegen  die  kanten  des 
Schlitzes  anliegt. 

4.  Betatigungsanordnung  fur  eine  Turbine  mit  va- 
riabler  Geometrie  nach  Anspruch  1  ,  2  oder  3,  wobei 
der  Bugel  (24)  aus  Blech  hergestellt  ist  und  jeder  Bu- 

ss  gelarm  soangeordnet  ist,  dali  die  von  dem  Blech,  aus 
dem  er  geformt  ist,  gebildete  Ebene  parallel  zu  der 
Achse  verlauft. 
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Revendications 

1.  Assemblage  a  actuateur  pour  une  turbine  a 
geometrie  variable,  comprenant  un  passage  d'entree 
annulaire,  dont  une  paroi  est  def  inie  par  un  membre  5 
(4)  a  paroi  annulaire  capable  de  emplacement,  dont  la 
position  par  rapport  a  une  paroi  frontale  (5)  du  pas- 
sage  d'entree  est  ajustable  af  in  de  determiner  la  lar- 
geur  du  passage  d'entree,  le  membre  (4)  a  paroi 
annulaire  etant  supporte  sur  une  paire  de  broches  10 
(19)  qui  s'etendent  paralleles  a  et  sont  coulissables 
en  parallele  a  I'axe  de  rotation  de  la  roue  (8)  de  tur- 
bine,  caracterise  en  ce  que  chaque  broche  (19)  est 
engagee  par  un  bras  respectif  d'un  etrier  (24)  monte 
a  pivotement,  la  position  angulaire  dudit  etrier  (24)  est  15 
determinee  par  un  actuateur  (22)  ou  plus,  I'engage- 
ment  entre  les  broches  (19)  et  I'etrier  (24)  etant  tel 
qu'un  deplacement  pivotal  de  I'etrier  (24)  provoque  un 
deplacement  axial  des  broches  (19). 

2.  Assemblage  a  actuateur  pour  une  turbine  a  20 
geometrie  variable  selon  la  revendication  1,  dans 
lequel  chaque  broche  (19)  def  init  une  fente  a  un  point 
intermediare  entre  ses  extremites  et  I'extremite  du 
bras  respectif  de  I'etrier  (24)  s'engage  dans  la  fente. 

3.  Assemblage  a  actuateur  pour  une  turbine  a  25 
geometrie  variable  selon  la  revendication  2,  dans 
lequel  I'extremite  de  I'etrier  (24)  qui  s'engage  dans  la 
fente  def  init  une  surface  arquee  qui  bute  contre  les 
bords  de  la  fente. 

4.  Assemblage  a  actuateur  pour  une  turbine  a  30 
geometrie  variable  selon  la  revendication  1,  2  ou  3, 
dans  lequel  I'etrier  (24)  est  fabrique  en  tole  et  chaque 
bras  d'etrier  est  agence  de  sorte  que  le  plan  def  ini  par 
la  tole  dans  laquelle  il  est  forme  s'etend  parallele  audit 
axe.  35 
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