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(54) Vane assembly and method of assembling a vane assembly for a variable-nozzle turbocharger

(57) A vane assembly includes vanes each having
an axle and an arm immovably connected with the vane
prior to assembling the vane assembly. The vane, axle,
and can be an integral one-piece structure formed by
casting, machining, or metal injection molding. The axles
engage apertures in a nozzle ring are rotatable in the
apertures about axes of the vanes. An actuator ring is

assembled with the nozzle ring and is rotatable relative
thereto. The actuator ring defines connecting elements
that connect with cooperative connecting elements on
the vane arms. Rotation of the actuator ring causes the
vanes to rotate for adjusting the angles of the vanes.
During assembly, the motion of inserting the axles into
the apertures is also effective for placing the in position
for connection with the actuator ring.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to turbochargers
having a variable-nozzle turbine in which movable vanes
are disposed in the nozzle of the turbine for regulating
exhaust gas flow into the turbine.
[0002] An exhaust gas-driven turbocharger is a device
used in conjunction with an internal combustion engine
for increasing the power output of the engine by com-
pressing the air that is delivered to the air intake of the
engine to be mixed with and burned in the engine. A
turbocharger comprises a compressor wheel mounted
on one end of a shaft in a compressor housing and a
turbine wheel mounted on the other end of the shaft in a
turbine housing. Typically the turbine housing is formed
separately from the compressor housing, and there is yet
another center housing connected between the turbine
and compressor housings for containing bearings for the
shaft. The turbine housing defines a generally annular
chamber that surrounds the turbine wheel and that re-
ceives exhaust gas from an engine. The turbine assem-
bly includes a nozzle that leads from the chamber into
the turbine wheel. The exhaust gas flows from the cham-
ber through the nozzle to the turbine wheel and the tur-
bine wheel is driven by the exhaust gas. The turbine thus
extracts power from the exhaust gas and drives the com-
pressor. The compressor receives ambient air through
an inlet of the compressor housing and the air is com-
pressed by the compressor wheel and is then discharged
from the housing to the engine air intake.
[0003] One of the challenges in boosting engine per-
formance with a turbocharger is achieving a desired
amount of engine power output throughout the entire op-
erating range of the engine. It has been found that this
objective often is not readily attainable with a fixed-ge-
ometry turbocharger, and hence variable-geometry tur-
bochargers have been developed with the objective of
providing a greater degree of control over the amount of
boost provided by the turbocharger. One type of variable-
geometry turbocharger is the variable-nozzle turbo-
charger (VNT), which includes an array of variable vanes
in the turbine nozzle. The vanes are pivotally mounted
in the nozzle and are connected to a mechanism that
enables the setting angles of the vanes to be varied.
Changing the setting angles of the vanes has the effect
of changing the effective flow area in the turbine nozzle,
and thus the flow of exhaust gas to the turbine wheel can
be regulated by controlling the vane positions. In this
manner, the power output of the turbine can be regulated,
which allows engine power output to be controlled to a
greater extent than is generally possible with a fixed-ge-
ometry turbocharger.
[0004] Existing variable vane mechanisms tend to be
made up of a relatively large number of separate parts
and thus are complicated and present a challenge in
terms of manufacture and assembly. It would be desira-

ble to improve upon the ease of manufacture and assem-
bly of a variable vane mechanism.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention addresses the above
needs and achieves other advantages by providing a var-
iable vane assembly for a variable-nozzle turbine having
a reduced parts count and therefore reduced complexity
of manufacture and assembly relative to some existing
variable vane assemblies. In accordance with one em-
bodiment of the invention, a variable vane assembly in-
cludes a fixed nozzle ring defining a plurality of circum-
ferentially spaced apertures, and a ring of circumferen-
tially spaced vanes each comprising an airfoil portion that
extends axially from a first end proximate the nozzle ring
to an opposite second end. Each vane has an axle im-
movably connected with the first end of the airfoil portion
and extending axially therefrom in a direction away from
the second end, the axle defining a rotation axis of the
vane. The axles of the vanes are inserted in the apertures
of the nozzle ring such that the axles are rotatable in the
apertures.
[0006] An actuator ring is disposed adjacent to and
concentric with the nozzle ring, the actuator ring being
rotatable about an axis relative to the nozzle ring. In some
embodiments, the actuator ring can concentrically sur-
round a portion of the nozzle ring such that the actuator
ring and the portion of the nozzle ring occupy the same
plane. The actuator ring defines a plurality of circumfer-
entially spaced first connecting elements.
[0007] Each vane further includes an arm having a
proximal end immovably connected with the vane prox-
imate the first end of the airfoil portion. A distal end of
the is offset from the rotation axis of the vane and defines
a second connecting element configured to connect with
one of the first connecting elements of the actuator ring.
Insertion of the axle of each vane into one of the apertures
in the nozzle ring is also effective to connect the second
connecting element of the vane with one of the first con-
necting elements of the actuator ring, thereby connecting
the arm of the vane to the actuator ring. Thus, rotation
of the actuator ring moves the arms and thereby causes
the vanes to rotate about the rotation axes thereof for
adjusting a rotational orientation of the vanes.
[0008] In some embodiments, each vane and its as-
sociated axle and arm comprise an integral one-piece
structure. The structure can be formed by casting, by
machining a single piece of starting material, by metal
injection molding (MIM), or any other suitable technique.
[0009] Accordingly, the variable vane mechanism has
a relatively simple construction. In particular, in some em-
bodiments all, of the vanes are identical to one another,
and therefore the entire assembly encompasses only
three part configurations: (1) the nozzle ring, (2) the ac-
tuator ring, and (3) the vanes. The parts count is also
significantly reduced in comparison with prior vane as-
semblies in which the vanes and the arms are separate
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until the time of assembly. The process of assembly is
considerably simplified because there is no need to weld
or otherwise attach the arms to the vanes during assem-
bly.
[0010] In accordance with another aspect of the inven-
tion, a method for assembling a vane assembly compris-
es the steps of: (1) providing a nozzle ring encircling an
axis, the nozzle ring having an annular surface generally
perpendicular to the axis and defining a plurality of cir-
cumferentially spaced apertures extending through the
annular surface; (2) assembling an actuator ring with the
nozzle ring such that the actuator ring is adjacent to and
concentric with the nozzle ring, the actuator ring defining
a plurality of circumferentially spaced first connecting el-
ements and being rotatable relative to the nozzle ring;
(3) providing a plurality of vanes each having an airfoil
portion that extends axially from a first end to an opposite
second end, and an axle immovably connected with the
first end of the airfoil portion and extending axially there-
from in a direction away from the second the axle defining
a rotation axis of the vane, each vane further comprising
an having a proximal immovably connected with the vane
proximate the first end of the airfoil portion, a distal end
of the arm being offset from the rotation axis of the vane
and defining a second connecting element configured to
connect with one of the first connecting elements of the
actuator ring; and (4) inserting the axle of each of the
vanes into one of the apertures in the nozzle ring, the
motion of inserting the axle being effective also to place
the second connecting element of the vane in position
for connection with one of the first connecting elements
of the actuator ring.

BRIEF OF THE SEVERAL VIEWS OF THE DRAWING
(S)

[0011] Having thus described the invention in general
terms, reference will now be made to the accompanying
drawings, which are not necessarily drawn to scale, and
wherein:
[0012] FIG. 1 is a perspective view of a partial assem-
bly of a turbocharger including a variable vane assembly
in accordance with an embodiment of the invention;
[0013] FIG. 2 is an exploded view of the partial assem-
bly of FIG. 1;
[0014] FIG. 3 is a perspective view of a vane with in-
tegral arm in accordance with an embodiment of the in-
vention;
[0015] FIG. 4 is another perspective view of the vane;
[0016] FIG. 5 is a perspective view of the variable vane
assembly in accordance with an embodiment of the in-
vention; and
[0017] FIG. 6 is a perspective view of the partial as-
sembly of FIG. 1, partly in section.

DETAILED OF THE INVENTION

[0018] The present invention now will be described

more fully hereinafter with reference to the accompany-
ing drawings, in which some, but not all embodiments of
the inventions are shown. Indeed, these inventions may
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this dis-
closure will satisfy applicable legal requirements. Like
numbers refer to like elements throughout.
[0019] A partial assembly 10 of a turbocharger in ac-
cordance with an embodiment of the invention is shown
in perspective view in FIG. 1, in exploded view in FIG. 2,
and in a partially sectioned perspective view in FIG. 6.
The partial assembly includes a turbine wheel 12 mount-
ed on one end of a shaft 14. The turbine wheel is part of
a turbine that includes a turbine housing assembly sur-
rounding the turbine wheel. The turbine housing assem-
bly includes a turbine housing 15 and an insert 16 having
a generally tubular portion 18 that is inserted into a gen-
erally cylindrical bore in the turbine housing and forms a
part of a flow path for exhaust gas through the turbine
wheel. The tubular portion 18 of the insert 16 is joined to
a generally annular portion 20 that extends radially out-
wardly from the end of the tubular portion. The annular
portion 20 forms one wall of a nozzle that directs exhaust
gas from a generally annular chamber defined in the tur-
bine housing 15 radially inwardly into the turbine wheel
12.
[0020] The opposite wall of the nozzle is formed in part
by a generally annular cover or plate 22 that is affixed to
a center housing 24 of the partial assembly 10. The cover
22 has a generally cylindrical flange at its outer diameter
that engages the radially outer surface of a generally cy-
lindrical flange on the center housing. The center housing
houses a bearing 25 for the shaft 14 passing through the
center housing. The end of the shaft 14 opposite from
the turbine wheel 12 is connected to a compressor wheel
(not shown) driven by the turbine wheel 12.
[0021] With reference to FIG. 2, the opposite wall of
the nozzle from the annular portion 20 of the insert 16 is
also formed in part by a nozzle ring 26. The nozzle ring
26 is connected to the annular portion 20 by a plurality
of spacers 28 that are spaced apart about the circumfer-
ence of the nozzle ring. The spacers 28 keep the nozzle
ring 26 and the annular portion 20 a substantially con-
stant axial distance apart from each other. The nozzle
ring 26 also engages a shroud 30 and a locator ring 31
affixed to the center housing 24 for ensuring that the noz-
zle ring is substantially coaxial with respect to the center
housing. The shroud 31 also serves as a heat shield for
shielding the center housing from the hot exhaust gas
passing through the turbine.
[0022] The nozzle ring 26 supports a plurality of ad-
justable vanes 32 that are disposed in the nozzle between
the wall formed by the nozzle ring 26 and plate 22 and
the opposite wall formed by the annular portion 20 of the
insert 16. The vanes 32 are circumferentially spaced
apart about the circumference of the nozzle ring. With
reference to FIGS. 3 and 4, each vane 32 includes an
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airfoil portion 34 that is wetted by the exhaust gas flowing
through the nozzle into the turbine wheel and acts in co-
operation with adjacent vanes to determine or influence
the flow direction of the exhaust gas flowing through the
passages between the vanes. At a proximal end of the
airfoil portion 34, an axle 36 is immovably connected with
the airfoil portion to form an airfoil/axle assembly. The
nozzle ring defines a plurality of apertures 38 circumfer-
entially spaced apart about its circumference. Each ap-
erture 38 receives the axle 36 of one of the vanes. The
axles 36 are rotatable in the apertures 38 about the axes
of the axles for adjusting the setting angles of the airfoil
portions 34. The apertures 38 extend through a generally
annular surface 40 of the nozzle ring that is generally
perpendicular to the central axis of the nozzle ring and
that faces the annular portion 20 of the insert 16. The
airfoil portion 34 of each vane 32 extends axially from
the proximal end of the airfoil portion adjacent the annular
surface 40 to an opposite distal end. The distal end of
the airfoil portion 34 can be a free end as shown, or al-
ternatively the distal end can include an axle engaging
an aperture in the annular portion 20 of the insert 16. The
proximal ends of the airfoil portions 34 advantageously
are closely adjacent the annular surface 40 of the nozzle
ring 26 and the distal ends of the airfoil portions 34 ad-
vantageously are closely adjacent the annular portion 20
so the exhaust gas flowing through the nozzle is sub-
stantially prevented from leaking between the ends of
the airfoil portions and the adjacent walls of the nozzle.
[0023] Each vane 32 further includes an arm 42 im-
movably connected with the airfoil/axle assembly. The
arm 42 is connected at a location intermediate the distal
end of the airfoil portion 34 and the distal end of the axle
36, contrary to prior-art vanes in which the arm is con-
nected to the distal end of the axle. The arm advanta-
geously is connected proximate the proximal end of the
airfoil portion 34. The arm 42 extends perpendicular to
the axis of the axle 36 and terminates in a distal end 44.
The distal end includes a projection 46 that extends ax-
ially away from the proximal end of the airfoil portion 34,
in the same direction as the axle 36. The vane 32 with
its associated axle 36 and arm 42 is a one-piece integral
structure. The structure can be formed by manufacturing
the airfoil portion 34 and axle 36 together as a single part
(e.g., by casting or machining), manufacturing the arm
42 as a separate part, and then joining the two parts
together by welding or the like. Alternatively, however,
the entire vane structure can be formed as a single part
by casting, by machining, by metal injection molding
(MIM), or by any other suitable technique.
[0024] With reference to FIG. 5, a variable vane as-
sembly is illustrated in isolation, forming a portion of the
partial assembly 10 depicted in FIGS. I and 2. The vari-
able vane assembly includes the nozzle ring 26, the
vanes 32, and an actuator ring 48. The actuator ring sur-
rounds the portion of the nozzle ring 26 having the aper-
tures 38 for the vane axles. More particularly, the nozzle
ring 26 is of a stepped configuration having a larger-di-

ameter portion joined to a smaller-diameter portion. The
actuator ring surrounds the smaller-diameter portion, and
the iarger-diarneter portion is disposed axially adjacent
the actuator ring. The actuator ring is rotatable about the
axis of the nozzle ring. The actuator ring engages the
arms 42 of the vanes 32 such that rotation of the actuator
ring causes the vanes to be rotated about the axes of the
axles 36. The actuator ring 48 and the vane arms 42 are
on the front or "flow" side of the nozzle ring 26.
[0025] More specifically, the distal end of each vane
arm 42 defines a connecting element that connects with
a cooperative connecting element defined by the actuator
ring 48. In the illustrated embodiment, the connecting of
the actuator ring 48 comprise receptacles 50 defined in
the actuator ring, and the connecting elements of the
vane arms comprise the projections 46 that are received
in the receptacles 50. Alternatively, the actuator ring
could define projections received in receptacles defined
in the vane arms, or the connection between the vane
arms and actuator ring could be accomplished in another
way.
[0026] In preferred embodiments, such as the illustrat-
ed embodiment, the variable vane assembly is config-
ured to ease the assembly of the parts. In particular, dur-
ing assembly the actuator ring 48 is assembled to the
nozzle ring 26 and is rotatably positioned with respect to
the nozzle ring so that a receptacle 50 is generally aligned
with each aperture 38 in the nozzle ring. The axles 36 of
the vanes are inserted into the apertures 38 in the nozzle
ring in such an orientation that the projections 46 on the
vane arms 42 are received in the receptacles 50. Each
aperture 38 in the nozzle ring has a relatively small-di-
ameter portion that receives one of the axles 36 and
forms a bearing surface therefor, and a relatively larger-
diameter countersunk portion surrounding the small-di-
ameter portion at the annular surface 40 of the nozzle
ring. A lengthwise portion of the arm 42 of each vane
adjacent the proximal end of the arm is accommodated
in the countersunk portion of the respective aperture. The
motion of inserting the axle 36 into an aperture 38 sub-
stantially concurrently connects the vane arm projection
46 with the cooperating connecting element (i.e., the re-
ceptacle 50) of the actuator ring, or at least places the
projection 46 in a position to be connected with the ac-
tuator ring. Thus, the one-piece vanes and the arrange-
ment for connecting the vane arms with the actuator ring
in accordance with the invention avoid the need for weld-
ing of vane parts during assembly. This is in contrast to
some prior variable vane assemblies in which each vane
is formed in two separate parts that must be welded to-
gether during the assembly process.
[0027] With primary reference to FIG. 2, the actuator
ring defines a recess or slot 52 (FIG. 5) for receiving a
tab 54 on a crank arm 56 disposed on one side of the
center housing 24, on the opposite side of the nozzle ring
26 from the actuator ring 48. The crank arm 56 is immov-
ably connected with a shaft 58 of another crank arm 60
disposed on the opposite side of the center housing 24.
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The shaft 58 extends through a bushing 62 that passes
through the center housing 24, and the end of the shaft
58 is immovably connected with the crank arm 56. The
crank arm 60 is rotated by an actuator (not shown), which
causes the crank arm 56 to be rotated such that the tab
54 rotates the actuator ring 48. In this manner, the setting
angles of the vanes 32 can be adjusted to any desired
angle for regulating the exhaust gas flow into the turbine
wheel 12.
[0028] In the illustrative embodiment shown and de-
scribed herein, the actuator ring 48 has receptacles 50
for the vane arms 42 that are formed by recesses in the
radially inner surface of the actuator ring. Alternatively,
however, it is possible for the receptacles to be formed
by recesses in the radially outer surface of the actuator
ring. In the illustrative embodiment, the cover 22 also
defines recesses 23 (FIG. 1) to accommodate the vane
arms 42. The recesses 23 are circumferentially elongat-
ed to accommodate the extent of the circumferential
movement of the vane arms 42.
[0029] The apertures 38 in the nozzle ring that form
bearing surfaces for the vane axles 36 can be either blind
holes or can extend entirely through the nozzle ring to its
back side. Blind holes offer the advantage that exhaust
gas cannot leak through the holes to the back side of the
nozzle ring, but the length of the bearing surfaces cannot
be as great with blind holes as it can be with through
holes unless the axial thickness of the nozzle ring is in-
creased.
[0030] In the illustrative embodiment, the vane arms
42 are connected to the axles 36 adjacent the proximal
ends of the airfoil portions 34, and hence the arms 42 do
not project into the stream of exhaust gas flowing through
the nozzle, or at least the extent of their projection into
the stream is minimal. Alternatively, however, the arms
42 could attach to the airfoil portions 34, although this is
not preferred because the arms would be in the exhaust
gas stream and thus would cause aerodynamic losses
that would impair the efficiency of the turbine.
[0031] Many modifications and other embodiments of
the inventions set forth herein will come to mind to one
skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is to be understood that the inventions are not to be limited
to the specific embodiments disclosed and that modifi-
cations and other embodiments are intended to be in-
cluded within the scope of the appended claims. Although
specific terms are employed herein, they are used in a
generic and descriptive sense only and not for purposes
of limitation.
A vane assembly includes vanes each having an axle
and an arm immovably connected with the vane prior to
assembling the vane assembly. The vane, axle, and arm
can be an integral one-piece structure formed by casting,
machining, or metal injection molding. The axles engage
apertures in a nozzle ring and are rotatable in the aper-
tures about axes of the vanes. An actuator ring is assem-

bled with the nozzle ring and is rotatable relative thereto.
The actuator ring defines connecting elements that con-
nect with cooperative connecting elements on the vane
arms. Rotation of the actuator ring causes the vanes to
rotate for adjusting the angles of the vanes. During as-
sembly, the motion of inserting the axles into the aper-
tures is also effective for placing the arms in position for
connection with the actuator ring.

Claims

1. A variable-nozzle turbine, comprising:

a turbine wheel connected with a shaft for rota-
tion therewith;
a turbine housing enclosing the turbine wheel,
the turbine housing defining a generally annular
chamber surrounding the turbine wheel for re-
ceiving exhaust gas, and comprising a nozzle
defining a flow path for passage of exhaust gas
from the chamber radially inwardly to the turbine
wheel, the flow path being defined between ax-
ially spaced and second walls;
a fixed nozzle ring encircling an axis, the nozzle
ring having a flow side and an opposite back
side, the flow side defining an annular surface
that is generally perpendicular to the axis and
at least partly forms the first wall, the nozzle ring
defining a plurality of circumferentially spaced
apertures extending axially through said annular
surface;
an actuator ring disposed adjacent to the flow
side of and concentric with the nozzle ring, the
actuator ring being rotatable about said axis rel-
ative to the nozzle ring; the actuator ring defining
a plurality of circumferentially spaced first con-
necting elements;
a ring of circumferentially spaced vanes each
comprising an airfoil portion that extends axially
from a end proximate the annular surface of the
nozzle ring to an opposite second end, and an
axle immovably connected with the first end of
the airfoil portion and extending axially there-
from in a direction away from the second end,
the axle defining a rotation axis of the vane, the
axles of the vanes being disposed in the aper-
tures of the nozzle ring such the axles are rotat-
able in the apertures; and
each vane further including an arm having a
proximal end immovably connected with the
vane proximate the first end of the airfoil portion,
a distal end of the arm being offset from the ro-
tation axis of the vane and defining a second
connecting element removably connected with
one of the first connecting elements of the actu-
ator ring, the arms of the vanes being on the flow
side of the nozzle ring.
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2. The variable-nozzle turbine of claim 1, wherein the
arm of each vane is immovably connected with the
axle proximate the first end of the airfoil portion of
the vane.

3. The variable-nozzle turbine of claim 1, wherein the
arm of each vane is immovably connected with the
airfoil portion of the vane.

4. The variable-nozzle turbine of claim 1, wherein each
vane and associated axle and arm comprise an in-
tegral one-piece structure.

5. The variable-nozzle turbine of claim 1, wherein the
actuator ring surrounds a portion of the nozzle ring,
and the actuator ring and nozzle ring collectively form
at least part of the first wall of the nozzle.

6. The variable-nozzle turbine of claim 5, wherein re-
spective surfaces of the actuator ring and the portion
of the nozzle ring that form at least part of the first
wall of the nozzle are substantially flush with each
other.

7. The variable-nozzle turbine of claim 1, wherein the
first connecting elements of the actuator ring com-
prise female connecting elements, and the distal end
of the arm of each vane defines a male connecting
element that is engaged in one of the female con-
necting elements for connecting the arm to the ac-
tuator ring.

8. The variable-nozzle turbine of claim 7, wherein the
female connecting elements of the actuator ring
comprise recesses in a radially inner surface of the
actuator ring.

9. The variable-nozzle turbine of claim 7, wherein the
female connecting elements of the actuator ring
comprise recesses in a radially outer surface of the
actuator ring.

10. The variable-nozzle turbine of claim 1, wherein the
nozzle ring is of stepped configuration having a larg-
er-diameter portion joined to a smaller-diameter por-
tion, the actuator ring surrounding the smaller-diam-
eter portion, the larger-diameter portion being dis-
posed axially adjacent the actuator ring.

11. The variable-nozzle turbine of claim 1, further com-
prising a plurality of spacers connected between the
nozzle ring and the second wall of the nozzle.

12. A variable vane assembly for a nozzle, comprising:

a fixed nozzle ring encircling an axis, the nozzle
having a flow and an opposite back side, the
flow defining an annular surface that is generally

perpendicular to the axis and at least partly
forms the first wall, the nozzle ring defining a
plurality of circumferentially spaced apertures
extending axially through said annular surface;
an actuator ring disposed adjacent to the flow
side of and concentric with the nozzle ring, the
actuator ring being rotatable about said axis rel-
ative to the nozzle ring, the actuator ring defining
a plurality of circumferentially spaced first con-
necting elements;
a of circumferentially spaced vanes each an air-
foil portion that extends axially from a first end
proximate the annular surface of the nozzle ring
to an opposite second end, and an axle immov-
ably connected with the first of the airfoil portion
and extending axially therefrom in a direction
away from the second end, the axle defining a
rotation axis of the vane, the axles of the vanes
being disposed in the apertures of the nozzle
ring such that the axles are rotatable in the ap-
ertures; and
each vane further including an arm having a
proximal end immovably connected with the
vane proximate the first end of the airfoil portion,
a distal end of the arm being offset from the ro-
tation axis of the vane and defining a second
connecting element removably connected with
one of the first connecting elements of the actu-
ator ring, the arms of the vanes being on the flow
side of the nozzle ring.

13. The variable vane assembly of claim 12, wherein the
arm of each vane is immovably connected with the
axle proximate the first end of the airfoil portion of
the vane.

14. The variable vane assembly of claim 12, wherein the
of each vane is immovably connected with the airfoil
portion of the vane.

15. The variable vane assembly of claim 12, wherein
each vane and associated axle and arm comprise
an integral one-piece structure.

16. The variable vane assembly of claim 12, wherein the
apertures in the nozzle ring comprise blind holes.

17. The variable vane assembly of claim 12, wherein
each aperture in the nozzle ring has a relatively
small-diameter portion that receives one of the axles
and forms a bearing surface therefor, and a relatively
larger-diameter countersunk portion surrounding,
the small-diameter portion at the annular surface of
the nozzle ring, a lengthwise portion of the arm of
each vane adjacent the proximal end of the arm be-
ing accommodated in the countersunk portion of the
respective aperture.
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18. A method for assembling a variable vane assembly
for a variable-nozzle turbine, comprising the steps of:

providing a nozzle ring encircling an axis, the
nozzle ring having a flow side an annular surface
generally perpendicular to the axis and defining
plurality of circumferentially spaced apertures
extending through the annular surface;
assembling an actuator ring with the nozzle ring
such that the actuator ring is to the flow side of
and concentric with the nozzle ring, the actuator
ring defining a plurality of circumferentially
spaced first connecting elements and being ro-
tatable relative to the nozzle ring;
providing a plurality of vanes each having an
airfoil portion that extends axially from a first end
to an opposite second end, and an axle immov-
ably connected with the first end of the airfoil
portion and extending axially therefrom in a di-
rection away from the second end, the axle de-
fining a rotation axis of the vane, each vane fur-
ther comprising an arm having a proximal end
immovably connected with the vane proximate
the first end of the airfoil portion, a distal end of
the arm being offset from the rotation axis of the
vane and defining a second connecting element
configured to connect with one of the first con-
necting elements of the actuator ring; and
inserting the axle of each of the vanes into one
of the apertures in the nozzle ring, the motion of
inserting the axle being effective also to place
the second connecting of the vane in position
for connection with one of the first connecting
elements of the actuator ring.

19. The method of claim 18, wherein the actuator ring is
assembled with the nozzle ring prior to inserting the
axles into the apertures, and the motion of inserting
the axles is also effective to connect the second con-
necting elements of the vanes with the first connect-
ing elements of the actuator ring.

20. A vane for a variable nozzle of a turbocharger, com-
prising:

an airfoil portion having a proximal end and an
opposite distal end;
an axle having a proximal end connected to the
proximal end of the airfoil portion so as to form
an airfoil/axle assembly, the axle having an op-
posite distal the the axle defining a rotation axis
for the vane; and
an arm connected to the airfoil/axle assembly
intermediate the distal end of the airfoil portion
and the distal end of the axle, the arm extending
outward from the axle for engaging an actuator
for rotating the vane about the rotation axis.

21. The vane of claim 20, wherein the arm is connected
to the axle proximate the proximal end thereof.
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