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(57) ABSTRACT

A sealing assembly comprises a bore in a housing, a plurality
of seal rings and a shaft. The bore comprises a plurality of
seats disposed at different seat radius for the seal rings. The
bore comprises for each pair of adjacent seats axially inward
of an inner end of the outward seat and proximate to the
inward seat a chamfer extending radially inwardly over an
inward axial distance. The chamfer between each pair of seats
allows for the radial contraction of the seal rings upon assem-
bly.
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SEALING ARRANGEMENT

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to EP Application 07405017.0 filed in Europe on Jan.
19, 2007, and as a continuation application under 35 U.S.C.
§120 to PCT/EP2008/050359 filed as an International Appli-
cation on Jan. 15, 2008 designating the U.S., the entire con-
tents of which are hereby incorporated by reference in their
entireties.

TECHNICAL FIELD

[0002] Subject matter disclosed herein relates generally to
the technical field of turbomachinery for internal combustion
engines and, in particular, seals for rotating turbomachinery
shafts.

BACKGROUND INFORMATION

[0003] Most turbines include a shaft that extends from a
hub of a turbine wheel to a shaft bearing. For example, tur-
bines of exhaust gas turbochargers for internal combustion
engines typically include a turbine wheel housing that directs
exhaust of an engine to a turbine wheel and another housing
that houses a bearing for a shaft coupled to the turbine wheel.
In such an arrangement, the bearing exists in a lubricant
environment that lubricates the bearing to reduce frictional
forces, dampen vibration, etc., to thereby allow for high speed
operation of the turbine, and the turbine wheel exists in an
exhaust environment typically characterized by high tem-
peratures, high pressures and, depending on nature of the
exhaust, corrosive reaction chemistry. To separate these two
environments, a variety of seal mechanisms have been pro-
posed and used.

[0004] Ingeneral, such seal mechanisms aim to reduce flow
of exhaust to the lubricant environment and/or flow of lubri-
cant to the exhaust environment, both of which can be detri-
mental to performance (e.g., efficiency, emissions, longevity,
etc.). Flow of exhaust to the lubricant environment is usually
referred to as “blowby” and flow of lubricant to the exhaust
environment is usually referred to as “leakage”. Blowby typi-
cally occurs during high speed operation or load where a
significant positive pressure differential exists between the
exhaust environment and the lubricant environment.

[0005] Leakage typically occurs during low turbine-power
modes of operation, such as at engine idle, where the pressure
differential is negative and/or minimal and insufficient to
overcome capillary or other lubricant transport forces.
[0006] As the turbomachinery industry trends toward
increased turbine inlet pressures, more stringent emission
regulations, closed-crankcase ventilation systems, and
increased customer sensitivity to the passage of exhaust gas
through the turbine seal, a need for seal mechanisms that
reduce blowby and/or leakage will increase, and the design of
such mechanisms will become more challenging. Various
exemplary sealing assemblies disclosed herein aim to reduce
blowby and/or leakage. Further, various exemplary sealing
assemblies may allow for increased performance (e.g., effi-
ciency, emissions, longevity, etc.), assembly and/or disas-
sembly of turbomachinery.

[0007] US 2006/0002803 A1, which is hereby incorporated
by reference herein, discloses an exemplary bore for a shaft of
a turbomachine including a plurality of seal rings. An exem-
plary sealing assembly includes two seal rings, a radial inner
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surface of the bore and an outer surface of the shaft that act
together to create resistance to flow. The seal mechanism
creates resistance via a tortuous path and reduced flow area,
sometimes referred to as a labyrinth seal. The surface of the
turbine bore segment includes an outer seat. The inner surface
of the turbine bore segment also includes an inner seat. The
outer seat receives the outer ring while the inner seat receives
the inner ring. The exemplary shaft includes an outer slot that
substantially coincides with the outer ring and an inner slot
that substantially coincides with the inner ring. The axial
width of the recess of the outer seat, is selected to be smaller
than the axial width of the inner ring. This allows the inner
ring to bridge and axially traverse the outer seat upon instal-
lation of the inner ring. Further embodiments of the exem-
plary bore for a shaft of a turbomachine as well as an exem-
plary method for positioning a plurality of seal rings on a shaft
is disclosed in US 2006/0236694 A1, which is hereby incor-
porated by reference herein, and in US 2006/0236695 Al,
which is hereby incorporated by reference herein.

SUMMARY

[0008] A sealing assembly for a shaft of'a turbomachine in
a bore of a housing is disclosed.

[0009] A sealing assembly for sealing a shaft of a turboma-
chine in a bore of a housing, said shaft extending from a hub
of a turbine wheel to a shaft bearing in said housing, the
assembly comprising at least two seal rings and the bore
comprising: longitudinal axis extending generally from an
inner end to an outer end of the bore, said outer end of the bore
being adjacent said hub of the turbine wheel; an outer seat
disposed proximate to the outer end of the bore at an outer seat
radius for an outer seal ring, and an inner seat disposed axially
between the outer seat and the inner end of the bore at an inner
seat radius for an inner seal ring, wherein the bore comprises
axially inward of an inner end of the outer seat and proximate
to the inner seat a chamfer extending radially inwardly over
an inward axial distance to an inner chamfer plateau radius.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] A more complete understanding of the disclosure
may be had by reference to the following detailed description
when taken in conjunction with the accompanying drawings
wherein:

[0011] FIG. 1 is a cross-sectional view of an exemplary
housing of a turbocharger,

[0012] FIG. 2 is a cross-section view of an exemplary seal-
ing assembly for a bore and a shaft,

[0013] FIG. 3 is a close-up of the exemplary sealing assem-
bly of FIG. 2,
[0014] FIG. 4 is a close-up of the bore of the exemplary

sealing assembly of FIG. 2,

[0015] FIG. 5is aside view of a section of the step gap seal
ring with the stop element before the mounting, and

[0016] FIG. 6 is a side view of a section of the contracted
step gap seal ring of FIG. 5 after the mounting.

DETAILED DESCRIPTION

[0017] The inventive sealing assembly comprises a bore in
a housing, a plurality of seal rings and a shaft operably
coupledto a turbine wheel wherein the bore, the seal rings and
the shaft form a labyrinth seal. The bore comprises a plurality
of seats disposed between an inner and an outer end of the
bore at different seat radius for the seal rings. Of each pair of
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adjacent seats, the seat radius of the outward seat exceeds the
seat radius of the inward seat. The bore comprises for each
pair of adjacent seats axially inward of an inner end of the
outward seat and proximate to the inward seat a chamfer
extending radially inwardly over an inward axial distance.
The chamfer between each pair of seats allows for the radial
contraction of the seal rings upon assembly.

[0018] Inorderto reduce leakage, an inwardly facing annu-
lar groove is optionally disposed between the innermost seal
ring and the other seal rings. The annular groove leads into a
drain channel located at the bottom of the annular groove. The
drain channel is connected to the lubricant environment. The
cross section of the drain channel can be bigger than the
minimal cross section formed by the gap between the inner-
most seal ring and the shaft.

[0019] Forthe assembly of the seal ring in the shaft, the seal
rings are optionally divided by a split. As this split affects the
flow area through and around the seal rings, it is desirable to
maintain this split at a minimum typically dictated by neces-
sity to allow for installation and/or thermal expansion during
operation. To compensate for any detrimental effect such an
example may have on seal performance, a step gap geometry
may be employed in the seal rings to increase flow resistance.
In order to limit the radial extension of the seal ring before the
assembly, the split can have a stopper configuration, or stop
element. As the stop element limits the radial extension of the
seal ring, the size of each chamfer can be minimised.

[0020] Turbochargers are typically utilized to increase the
output of an internal combustion engine. The internal com-
bustion engine includes an engine block housing one or more
combustion chambers that operatively drive a shaft. An intake
port provides a flow path for air to the engine block while an
exhaust port provides a flow path for exhaust from the engine
block. The turbocharger acts to extract energy from the
exhaust and to provide energy to intake air, which may be
combined with fuel to form combustion gas. The turbo-
charger typically includes an air inlet, a shaft, a compressor, a
turbine, a bearing housing and an exhaust outlet.

[0021] FIG. 1 shows a cross-section of an exemplary hous-
ing 20 for housing a bearing to support a turbine wheel shaft.
The exemplary housing 20 includes a through bore 25. In
general, such a through bore has a longitudinal axis A that is
coaxial with the axis of rotation of a turbine wheel and a
compressor wheel. A dashed box indicates an exemplary
sealing assembly of the turbine bore segment of the bore 25
that is shown in more detail in FIGS. 2, 3 and 4 along with
additional components.

[0022] FIG. 2 shows a cross-section of the exemplary seal-
ing assembly of the turbine bore segment along with seal
rings 31, 32 and 33 and a shaft 10. Shaft 10 comprises a
section that includes a plurality of radially outwardly opened
annular slots, which are capable of receiving said seal rings.
In general, the radially outwardly opened slots are cut in the
turbine shaft sufficiently inboard of the joint between the
shaft and the turbine wheel to avoid a heat affected zone.
Optionally, the section of the shaft comprising the radially
outwardly opened slots may be formed by a separate, ring
shaped bush 15.

[0023] The close-up of the exemplary sealing assembly in
FIG. 3 shows a plurality of seats included in the inner surface
of bore 25. There is a corresponding seat to each radially
outwardly opened slot. An outer radially outwardly opened
slot 11 receives the outer seal ring 31 which is seated in an
outer seat 21 of the bore. An intermediate radially outwardly
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opened slot 12 receives the intermediate seal ring 32 which is
seated in an intermediate seat 22 of'the bore. Finally, an inner
radially outwardly opened slot 13 receives the inner seal ring
33 which is seated in an inner seat 23 of the bore. To allow for
installation, the axial width of a radially outwardly opened
slot slightly exceeds the axial width of a respective seal ring.
[0024] Each of the seats included in the inner surface of
bore 25 has a radially inwardly extending step on its inward
side. As shown in detail in FIG. 4, an outer step 212 of outer
seat 21 extends radially inwardly to an outer step radius s,,
which is smaller than outer seat radius r,, of outer seat 21. An
intermediate step 222 of intermediate seat 22 extends radially
inwardly to an intermediate step radius s,,, which is smaller
than intermediate seat radius r,, of intermediate seat 22. An
inner step 232 of inner seat 23 finally extends radially
inwardly to an inner step radius s,;, which is smaller than
inner seat radius r,; of inner seat 23. These steps of the seats
generally limit inward movement of the rings. The seats
optionally include a small, radially inwardly open groove
adjacent the step.

[0025] During use or operation, a seal ring will typically
wear-in under gas loading until an edge of the seal ring
contacts the radially inward extending step in its seat wherein
such contact can serve to limit further wear of a ring.

[0026] The seal rings 31, 32 and 33, the radially inward
surface of the turbine bore segment 25, and a radially outward
surface of the shaft 10 act together to create resistance to flow
of exhaust to the lubricant environment (blowby). The seal
mechanism creates resistance via a tortuous path and reduced
flow area, sometimes referred to as a labyrinth seal. The outer
seal ring 31, the intermediate seal ring 32 and the inner seal
ring 33 act to create resistances in series.

[0027] The exemplary sealing assembly includes features
that facilitate assembly and/or disassembly of the shaft 10
from the bore 25. A particular feature that facilitates assembly
and/or disassembly is the various chamfers in the wall of the
bore. Outside of the outer end of the outer seat 21, there is a
chamfer 211 extending radially outward over an outward
axial distance from an outer chamfer plateau radius p,;.
Between each pair of seats in the bore, there is a chamfer
extending radially inwardly over an inward axial distance.
Between the outer seat 31 and the intermediate seat 32, there
is a chamfer 221 extending radially inward over an inward
axial distance to an intermediate chamfer plateau radius p,,.
Between the intermediate seat 32 and the inner seat 33, there
is a chamfer 231 extending radially inward over an inward
axial distance to an inner chamfer plateau radius p,;.

[0028] The chamfers extend radially inward over a radial
distance. This distance is at least slightly exceeding the dif-
ference between the outer radius of the seal ring before the
mounting and the radius of the corresponding seat. In other
words, the widest radius of each chamfer is exceeding the
outer radius of the corresponding seal ring before the mount-
ing, as indicated in FIG. 4 by the non-compressed seal rings
31, 32 and 33 at the right side of the drawing. In order to
further facilitate mounting of the seal rings, the widest radius
of each chamfer can be enlarged thus further extending the
distance the chamfers extend radially inward. Also, the cor-
responding radially outwardly opened slot in the shaft has to
be radially deep enough to allow the seal ring to contract
radially during the mounting.

[0029] The inner end of the inner seat 23 has a step 232
limiting movement of the corresponding seal ring in axial
inward direction. In addition, at the outer end of the inner seat
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there is optionally a chamfer 233 extending radially inwardly
over an outward axial distance to the inner chamfer plateau
radius p,5. The distance from the step 232 of the inner seat 23
to the chamfer 233 is optionally selected to allow for adequate
excursion of the inner ring 33 in the inner seat 23 during use
or operation. Should the inner ring 33 reach the chamfer 233
during use or operation, the chamfer will offer some resis-
tance to further axial outward movement of the inner ring 33
toward the turbine end of the bore, which may vary depending
on chamfer rise angle, chamfer rise distance, chamfer cross-
section, etc.; however, such resistance may typically be over-
come during assembly and/or disassembly.

[0030] Inorderto further improve the sealing performance
regarding the leakage of lubricant, an inwardly facing annular
groove 26 is optionally disposed between the inner seat and
the other seats. The annular groove is connected to the lubri-
cant environment by a drain channel 27 located at the bottom
of the annular groove. Lubricant passing the inner seal is
being collected in the annular groove and lead back to the
lubricant environment through the drain channel.

[0031] The cross section of the channel can be bigger than
the minimal cross section formed by the gap between the
inner seal ring and the shaft to allow for sufficient lubricant
drainage.

[0032] While the exemplary chamfers shown have substan-
tially linear cross-section, other examples may include cham-
fers with non-linear cross-section, optionally in combination
with linear cross-section. For example, a chamfer may
include a curved cross-section. The chamfer may serve to
compress the seal rings as the shaft with the seal rings
received in the radially opened slots is inserted into the bore.

[0033] Although during use or operation, the seal rings will
typically wear-in under gas loading, some abrasion of the
walls forming the radially outwardly opened slots is likely to
happen as well. In various exemplary sealing assemblies the
surface of the radially outwardly opened slots 11, 12 and 13
are therefore optionally hardened to avoid abrasion of the
walls forming the radially outwardly opened slots. In various
exemplary sealing assemblies a bush 15 is optionally fit on the
shaft 10, replacing the section of the shaft that comprises the
radially outwardly opened slots 31, 32, 33. The bush avoids
abrasion of the shaft 10 by the seal rings 31, 32 and 33. The
bush 15 is optionally made of a material that is harder than the
material of the shaft in order to avoid abrasion of the walls
forming the radially outwardly opened slots.

[0034] To facilitate assembly/disassembly of the seal ring
in the shaft, the seal rings are optionally divided by a split, as
shown in FIG. 5 and FIG. 6. In order to minimise the size of
the chamfer, the seal rings 30 can have stop elements 35 and
36 on both sides of the split. The stop elements engage upon
radial widening of the seal ring thereby limiting the radial
extension of the seal ring before the assembly, as shown in
FIG. 5. When a seal ring is inserted in axial direction into the
bore it gets radially compressed when led along the radially
inward extending chamfer, as shown in FIG. 6. As the stop
element limits the radial extension of the seal ring, the size of
each chamfer can be minimised. Also several seal rings with
different outer diameters may be inserted in one mounting
step into several seats with different inner diameters due to the
inventive chamfer located outward of each seat.

[0035] The sealing arrangement is drawn for the turbine
side but the design can be applied on the compressor side of
the turbocharger.

Oct. 23, 2008

[0036] It will be appreciated by those skilled in the art that
the present invention can be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The presently disclosed embodiments are therefore
considered in all respects to be illustrative and not restricted.
The scope of the invention is indicated by the appended
claims rather than the foregoing description and all changes
that come within the meaning and range and equivalence
thereof are intended to be embraced therein.

LIST OF REFERENCE SYMBOLS

[0037] 10 Shaft, e.g. turbine wheel shaft
[0038] 11,12, 13 radially outwardly opened ring slot
[0039] 15 Bush
[0040] 20 Housing
[0041] 21, 22,23 Seat
[0042] 211, 221, 231, 233 Chamfer
[0043] 212,222, 232 Step
[0044] 25 Bore
[0045] 26 Radially inwardly facing annular groove
[0046] 27 Drain channel
[0047] 30, 31, 32, 33 Seal ring
[0048] 35, 36 Stop element
[0049] A Axis, e.g. axis of rotation of turbine wheel
[0050] p,;, Psss Po3 Chamfer plateau radius
[0051] 15, 155, Iy5 Seat radius
[0052] s,;, a0, 55 Step radius

What is claimed is:

1. A sealing assembly for sealing a shaft of a turbomachine
in a bore of a housing, said shaft extending from a hub of a
turbine wheel to a shaft bearing in said housing, the assembly
comprising at least two seal rings and the bore comprising:

a longitudinal axis extending generally from an inner end

to an outer end of the bore, said outer end of the bore
being adjacent said hub of the turbine wheel;
an outer seat disposed proximate to the outer end of the
bore at an outer seat radius for an outer seal ring, and

an inner seat disposed axially between the outer seat and
the inner end of the bore at an inner seat radius for an
inner seal ring,

wherein

the bore comprises axially inward of an inner end of the
outer seat and proximate to the inner seat a chamfer
extending radially inwardly over an inward axial dis-
tance to an inner chamfer plateau radius.

2. The assembly of claim 1, the bore further comprising
axially between the outer seat and the inner seat an interme-
diate seat at an intermediate seat radius for an intermediate
seal ring and axially inward of the inner end of the outer seat
and proximate to the intermediate seat a chamfer extending
radially inwardly over an inward axial distance to an inter-
mediate chamfer plateau radius.

3. The assembly of claim 1, wherein the inner seat radius
exceeds the inner chamfer plateau radius and wherein the
inner seat comprises a chamfer at the outer end extending
radially inwardly over an outward axial distance to the inner
chamfer plateau radius.

4. The assembly of claim 1, further comprising a radial
inwardly facing annular groove disposed axially outward of
the inner seat.

5. The assembly of claim 4, wherein said annular groove is
connected to a drain channel.
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6. The assembly of claim 1, the bore comprising:

a plurality of seats disposed between said inner and said
outer end of the bore at different seat radius for a plural-
ity of seal rings, wherein of each pair of adjacent seats
the seat radius of the outward seat exceeds the seat radius
of the inward seat,

characterized in, that the bore comprises for each pair of
adjacent seats axially inward of an inner end of the
outward seat and proximate to the inward seat a chamfer
extending radially inwardly over an inward axial dis-
tance.

7. The assembly of claim 6, wherein the innermost seat
comprises a chamfer at the outer end extending radially
inwardly over an outward axial distance to an inner chamfer
plateau radius.

8. The assembly of claim 6, wherein the bore comprises
axially outward of an outer end of the outer seat a chamfer
extending radially outward over an outward axial distance
from an outer chamfer plateau radius.

9. A system for a turbomachine, the system comprising:

a sealing assembly according to claim 1;

a rotatable shaft, insertably positionable in the bore and
comprising at least two radially outwardly opened slots;
and

seal rings, positionable on the shaft, capable of being
received by the slots and capable of being seated in the
seats of the bore.

10. The system of claim 9, wherein at least one of the seal

rings comprises a step gap with a stop element.

11. The system of claim 9, wherein the shaft comprises a
bush, and wherein said radially outwardly opened slots are
disposed in said bush.

12. A turbocharger comprising:

a compressor, comprising a compressor housing and a

compressor wheel mounted in the compressor housing;
aturbine, comprising a turbine housing and a turbine wheel
mounted in the turbine housing;
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a shaft connecting the compressor wheel to the turbine
wheel,

a bearing housing disposed between the compressor and
the turbine housings, the bearing housing defining a bore
that receives the shaft therethrough according to the
sealing assembly of claim 1.

13. The assembly of claim 5, the bore comprising:

a plurality of seats disposed between said inner and said
outer end of the bore at different seat radius for a plural-
ity of seal rings, wherein of each pair of adjacent seats
the seat radius of the outward seat exceeds the seat radius
of the inward seat,

characterized in, that the bore comprises for each pair of
adjacent seats axially inward of an inner end of the
outward seat and proximate to the inward seat a chamfer
extending radially inwardly over an inward axial dis-
tance.

14. A system for a turbomachine, the system comprising:

a sealing assembly according to claim 8;

a rotatable shaft, insertably positionable in the bore and
comprising at least two radially outwardly opened slots;
and

seal rings, positionable on the shaft, capable of being
received by the slots and capable of being seated in the
seats of the bore.

15. A turbocharger comprising:

a compressor, comprising a compressor housing and a
compressor wheel mounted in the compressor housing;

aturbine, comprising a turbine housing and a turbine wheel
mounted in the turbine housing;

a shaft connecting the compressor wheel to the turbine
wheel,

a bearing housing disposed between the compressor and
the turbine housings, the bearing housing defining a bore
that receives the shaft therethrough according to the
sealing assembly of claim 8.
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