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TURBOCHARGER WITH REMOVABLE WHEEL SHROUDS
AND/OR REMOVABLE SEALS

BACKGROUND OF THE INVENTION
The present invention relates to turbochargers. -

Turbochargers are used in a .variety of zipplications for boosting the performance
of internal combustion en gines, including 1C engines of substantial power and size such
as marine engines used for powering maritime vessels. In these higher-power
app]ications, the turbochargers can be quite large and heavy, as well as expensive. The
relatively high cost of such large turbochargers provides an economic incentive to service

(e.g. reparr and/or replace) mdrvrdua] components of the turbocharger as opposed to

_replacmg the entire turbocharger when it detenorates or fatls

.- The substar’rtial size and _weight of the turbochargers, however, tend to make them
difficult to service. For instance, a common type of turbocharger design includes
removable compressor and turbine end housrngs surrollndrng the compresssor and turbine
wheels. If one of the wheels requires replacing, for exaniple as a result Of foreign object -

damage or fatigue, it is necessary to ﬁrst unbolt the corresponding end h ousing from the

: rest of the turbocharger housing and remove it, before the wheel can be Accessed and

removed The end housing in many cases is too large and heavy for an i mdividual worker
to handle, and hence an overhead hoist or the like is required. However, the cramped.
quarters in which many of these turbochargers are installed can make the use of such

equipment awkward or impossible. Furthermore, the removal of the hea vy end housing

~can pose a risk of causing further damage to components of the turbocharger.

An additional unfavorable aspect of many existing turbocharger designs relates to .
the seals that isolate the interior of the center housing, in which the bear:mg assembly 1s

contained, from the ‘compressor and turbme flow paths.
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* For example, in some turbochargers the turbine seal is an integral machined part of the

- center housing.

When the turbine seal fails, the entire center housing must be replaced, at substantial cost.

This operation furthermore necessitates the use of a hoist or the liké,l with the attendant

difﬁcu]ties already mentioned.
BRIEF SUMMARY OF THE INVENTION .

The present invention in a firs-; aspect addresses the above needsand achieves
other advantages, by providing a thrbocharger that allows either_ or both» of the
compressor and turbine wheels to be removed without having io remove the respective
end housings. In accordance with one embodiment of the invention, the turbocharger - .
comprises: » '

‘a centrifugal compressor comprising a compressor wheel having an outermost
peripheral su'rface.defﬁning a maximum outer diameter of the c'omp.r.essor wheel, the
compressor wheel including a plurality of arcuate compressor b]ades each extending
generally radlal]y outward from a root to a tip of the blade;

a cenmfugal turbme comprising a turbine wheel havmg an outermost pcrxpheral
surface defining a maximum outer dlam_eter of the turbine wheel, the turbine whoel :
including a plurality of arcuate turbine blades each extending generally radially outward
from a root to a tip of the blade; | |

‘a rotatable’ shaft havmg a first end on which the.compressor wheel is mounted and
an opposite second end on which the turbme wheel is mounted, the shaft bemg supported
ina bearmg assembly; and '

a housing containing lhe bearing assembly and the compressor and turbine

wheels, the housing including a compressor end housing defining a volute surrounding

the compressor wheel for reoeiving air compressed by the compressor wheel, the

compressor end housing having a radially inner surface defining a minimum inside
diameter of the compressor end housing, said minimum inside diameter being greater

than the maximum outer diameter of the compressor wheel, and the housing further

-2_
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comprising a compressor shroud portion removably fastened by an fastening arrangement

~ to the compressor end housing and defining an inner shroud surface proximate the tips of

" the compressor‘blades The compressor shroud portion is configured to be removable.

upon release of the fastening arrangement such that the compressor wheel i is removable

~ from the housmg while the compressor end housmg 1s stxll in place.

In another embodiment of the invention, the turbocharger includes a turbine end
housing defining'a volute surrounding the turbine wheel for receiving exhaust gas and
supplying the exhaust gas to the turbine wheel, the turbine end housing having a radially .‘
inner surface defining a minimum inside diameter of the turbine end housing, said
minimum inside diameter being greater than the maximum outer diameter of the turbine

wheel, and the housmg further compnsmg a turbme shroud portion removably' fastened

by a fastening arran gement to the turbine end housmg and defining an inner shroud

surface prox1mate the tips of the turbine blades. The turbine shroud portion is configured
to bé removable upon release of the fastening arrangem'ent such that the turbine wheel is.

removable from the housing while the turbine end hcusing is still in place.

In accordance with a second aspect of the invention, a turbocharger is provided, at
one or both of the compressor and turbine ends of the shaft, with a seal plate removably
fastened to a center housing of the turbocharger and supporting a seal. Removal of the or

each seal plate allows the seal(s) to be replaced without having to replace the costly

center housing.

The invention also encompasses turbochargers combmmg the ﬁrst and second

: aspects in various ways.

BRIEF DESCRIPTION.OF THE SEVERAL VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms, reference will now be made

to the accompanyin g drawings, which are not necessarily drawn to scale, and wherein:

FIG. 1 lS a sectxoned 51de VICW of a turbocharoer in accordance with one

embodlmem of the 1nvenuon

PCT/US2005/044632
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~ DETAILED DESCRIPTION OF THE INVENTION

‘The present inventions now will be described more fully hereinafter with
reference to the accompanying drawihgs, in which some but not all cmbodiments of the
Ainv'entions are shown. Indéed, these inventions' may be embodied in many different
‘forms and shouid not be cohstruéd as Jimited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will satisfy app]icab]e legal -

requirements. Like numbers refer to like elements throughout. '

With reference to FIG. 1, a turbécharger 10 repfesenting an exhbodiment
combining the above-noted first and second aspects of the invention is schematically
illustrated. The turbocharger 10 in'cludes a centrifugal corhp'ressor 12 having a |
compressor wheel 14 that supports a plurality of compressor blades 16 each of which
extends generally radially outwardly from a root 18 to a tip 20 of the blade. Each blade
has a leading edge 22 that is encountered by inlet air (indicated by arrow 24) that flows in
a generally axial diréction (i.e., generally parallel to the longitudinal axis 26 of the |
turbocharger). Each blade has a trailing edge 28 that is located proxirﬁate to, and in some
embodiment definés, a maximuml outer diameter Dcw of the co’mpréssor wheel 14. - The |
rotation of the éOmp_ressor whevel‘causes the blades 16 to compress the air flowing

between the blades and the compressed air is discharged in a generally radially outward

~ direction into a diffuser passage 30.

‘The diffuser passage 30 diffuses the flow of compressed air and leads the air into
a volute 32 that surrounds the 'cqmpressér wheel. The volute 32 is definéed by a - |
compréssor end housing 34. The compressor end housfng 34is joinedto a backplat_e 35

that, in the illustrated embodiment, is integrally formed on one end .of a center housing 36

of thé turbbcharger. The compressor end housihg 34 can comprise a separate pie;cé from
'ihe backplate and be fastened to the backplate by a suitable fastening arrangement 38 as

shown. The diffuser passage 30 in the illustrated embodiment is defined b'etw_een the
-.compressor end housing 34 and a.surface. 40 of the backpja;e 35. A guide vane assembly
42 resid‘es‘ in the diffuser pasSagé 30 and functions to vfacilitagé the diffusion of the air -

(and, in some caées, can also remove swirl from the flow) before it enters the volute 32.

-4‘_
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The compressor end housing 34 has a minimum inside diameter Dcy that is slightly
greater than the maximum outer diamet‘er Dcw of the compressor Wheel 14, for reasor)s
expla‘ilned helow. A]though the backplate 35 is shown as being integral with the center
housing 36, alternatively the backplate 35 can be separateiy formed from the center -

housing and can be affixed to the center housing in any suitable fashion.

The turbocharger a]s'o includes a compressor shroud portion 44 that is removably
fastened by a fastemng arrangement 46 10 the compressor end housing 34. The
compressor shroud portion 44 is a generally ring-shaped structure havmg a radlally inner.
shroud surface 48 that i is proximate the tips 20 of the compressor blades 16. The
compressor flow path is defined between the shroud.surface 48 and the hub of the
compreSSOr whee] 14. In the iliustrated embodiment, the compressor shroud portion_44
defines a generally radially 0utward]y cXtending flange 50 and the COmpressor end
housing'34v has éponion configured to abut the flange 50. TheAﬂange and the end
housing have ho}esthat’ receive threaded fasteners of the fastening arrarngemem 46to

attach the shroud portion to the end housing. The shroud portion 44 also can include a

tubular portion 52 at its upstream end (relative to the generally axial direction of flow 24)
‘that defines an inlet into the compressor. -Any suitable fastening arrangement that is

- releasable can be used for fasl'ening“the compressor shroud porfion 44 to the end hOusing,

including threaded fasteners as shown, a c]ampmg mechanism for clamping together |
respective poruons of the shroud portion and end housing, or other types of releasable

fastening arrangements.

~ The compressor wheel 14 is mounted on one end of a shaft 54 that extends _
through the interior space of the center housing 36. The shaft is rotatably supported by a

bearing assembly 56 mounted in the center housing. The compressor wheel is mounted -

to the shaft by a mounting arrangement 58 in such a manner that the compressor wheel

~ canbe detached from the shaft 54 from the compressor side of the center housing. For

instance, the shaft can be attached to a threaded stud that passes through a center bore of
the compressor wheel and receives a threaded nut to secure the wheel to the stud;

however; alternative mounting arrangements for securing the wheel to the shaft can be
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uSed,"'and the invention is not limited in this respect. The important point is that by

releasing the mounting arran g'emem 58, the wheel can be detached from'the shaft.

3 Based on the above description, it will be understood that the provision of the

unjque compressor eudvhousing'3'4 and shroud portion 44 enables the compressor wheel

14 10 be removed without having to remove the end housing 34. More specifically,

releasing the fastening arrangement 46 allows the shroud portion 44 to be removed (to the
left'in FIG. 1). Then, releasing of the mounting arrangement 58 allows the compressor
wheel 14 to be removed from rhe turbocharger because the maximum diameter of the :
wheel Dcw is less than the minimum inside diameter D¢y of the compressor end housmg
34. Partlcularly in turbochargers of substantial size where the end housmg can be qulte
heavy, this ability of the turbocharger provides a srgmfrcant advantage in ease of

servicing of the turbocharger.

The turboc‘harger 10 élso includes a turbine 62 having a turbine wheel 64 that
Suppons a plurality of turbine blades 66 each of which extends generally radially ‘
outwardly from a root 68-t0 a up 70 of the blade. Each blade has a leadmg edge 72 lhat is .
encountered by inlet air flowing in a generally radially inward drrecnon (i.e., generally |
perpendicular to the longitudin.a]vaxis 26 of the turbocharger) and that is located
proximate to, and in some embodiment defines, a maximum outer diameter Drw of the

turbine wheel 64. Each blade has a trailing edge 74 that extends generally radially. .

A volute 76 that surrounds the turbine wheel and receives exhaust gas from the

: exﬁaust stream dischal'ged by an engine (not shown). The volute 76 is defined by a

turbine end housing 78. The turbine end housing 78 is joined to the opposite end of a .
center housing 36 from the compressor 12, and can comprise a separate piece from the
center housing and be fastened to the center housing by a suitable fastening arrangement ‘

80 as shown. The turbine end housing 78 has a minimum inside diameter Dry that is

, greaier than the maximum outer diameter Dyw of the turbine wheel 64, for rcasons

- explained below.

The turbocharger also includes a turbine shroud portion 82 that is removably B

fastened by a fastening arrangement 84 to the turbine end housing 78. The turbine shroud

-6_
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portion 82 is a generally ring-shaped structure having a radially inner shroud surface 86

that is proximate the tips 70 of the turbine blades 66. The turbine ﬂow path is deﬁned

" between the shroud surface 86 and the hub of the turbine wheel 64. In thevi‘]l‘ustrated

embodiment, the turbine shroud portion 82 defines a genefal]y radially outWardiy
extendmg ﬂange 88 and the turbme end housing 78 has a portion confxgured to abut the

flange 88. The flange and the end housing have holes that receive threaded fasteners to

" attach the shroud portion to the end h_ousmg.

The turbine also mc]udes a nozzle ring 90 that supports vanes 92 for regu]atmg
the exhaust gas. flow from the vo]ute 76 into the turbine wheel 64, and for more-
efficiently dlrectmg the exhaust gas flow into the turbine wheel relative toa nozz]eless
turbine stage. The nozzle ring essentially comprises a palr of axially spaced rings havmg »
the vanes 92 connected therebetween and spaced apart about the circumference of the
ring. The nozzle ring 90 is retained between the shroud poruon 82 and the turbine heat

shield 93. The heat shield can define a radially oulwardly facing step at a diameter '

- corresponding to an inside diameter of the nozzle ring such that the step locates the

nozzle ring coaxially with respect to the turbocharger axis 26. The nozzle ring is

removably connected to the turbine shroud portion 82 by a suitable arrangement 94. For .
example, as shown, the arrangement 94 can comprise a genera]lly tubular deformable |
e]emem 96 (e.g., a metal tube or eolllmn) that fits into an annular channel formedA inl the
shroud portion end that is 'axia]ly,compressed into the channel by advancing the nozzle
ring and shroud portion toward each other such that the element buckles in the channel.

One end of the deformable element 96 projects out from the shroud portion and fits into a

- groove 98 in the nozzle ring. The element 96 exerts a biasing force axially against the

nozzle ring to load the nozzle ring against the heat shield 93, prévehting or at least

substantially reducing any tendency of the nozzie ring to experience looseness or

- vibration.

The turbine wheel 64 is mounted on the opposite end of the shaft 54 from the
compress'or wheel, and can be either éeparate]y formed from and then joined to the shaft
(e.g., by a fastener or by weldmg or the hke) or can be mtegrally formed with the shaft as

one piece. When the mounting arrangement 58 securing the compressor wheel to the -

-7-
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shaft is released, the turbine wheel 64 and shaft 54 are free to be withdrawn from the

turbocharger housing as a unit. -

. Based on the above descriptioh, it will be understood that the provision of the

4uniqu'e turbine end housing 78 and shroud poni.on 82 enables the thbine_wheél 64 to be

‘removed without having to remove the end housing 78. More specifically, releasing the

fastening arrangement 84 allows the shro.ud' ponion 82 to be removed (to the right in FIG.
1). Then, .releasiﬁg of t‘he mounting arrangement 58 securing the compressor whcel to the
sﬁaft allows the turbine wheel 64 and shaft 54 to be removed from the turbochargér v
because the maximum diameter of the wheel Drw is less than the minimum inside

diameter Dy of the turbine end housing 78. Particularly in turbochargers of substantial

size wh_eré the end housing can be quite heavy, this ability of the turbocharger provides a

significant advantage in-ease of servicing of the turbocharger.

Next, the second aspéct of the invention will be explained. Generally, there is a

need 1o seal the interior of the center housing 36, where the bearing assembly 56 resides,

~ from the compressor and turbine flow path‘s. _To this end, the turbocharger 10-includes

" seal arrangcments that advamdoeously are removable and replaceable at modest cost.

More particularly, on the compressor side, the turbocharger includes a compressor seal
plate 100 that is disposed between the compressor wheel 14 and the center housing 36,
and is fastened to the center housing in a removable fashion by a suitable fastening
arrangement 102 such as threaded fasteners or the like. The corhpressor seal plate 100 is
a generally annular structure defining a radially inner surface encircling and coaxial with
the turbocharger longithdina] éxis‘ 26, and the radially inner surface bears égainst a seal
ring 104 such as a piston ring or thellike. The seal ring 104 bears against arotating -
surface of the compressor rotor assembly as shown, thus substantially isoiating the

compressor flow path from the interior of the center housing.

Advantageously, once the compressor wheel 14 has been removed as previously
descnbed the seal plate 100 can be removed by releasing the fastemng arranoemem 102,

and the seal ring 104 can be rep]aced with a new one if necessary.
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A similar removable. seal arrangement is provided on the turbine side. More
specificélly, the turbocharger inéludes a turbine seal plate 106 that is disposed betweerl
the turbine wheel 64 and the center housing 36, and is fastened to-the center housmg ina
removable fashlon by a suitable fastemng arrangément 108 such as threaded fasteners or
the like. The turbine seal plate 106 is a generally annu]ar structure’ defmmg a radral]y

inner surface encrrclmg and coaxra] with the turbocharger ]ongltudmal axis 26, and the

: radral]y inner surface bears aoamst a seal ring 110 suchas a plston rmg or the like. The

seal ring 110 bears against a.rotating surface of the turbine rotor assembly as shown, thus s

substantially isolating the turbine flow path from the interior of the center housing.

Advamageously, once the turbine wheel 64 has beerr removed.as preVio’Us]y
described, the seal plate 106 can be removed by releasing the fastening arrangcmcm 108

and the seal ring 110 can be replaced with a new one if necessary.

As noted, although the turbocharger 10 as il]ustrated incorporates both the first
aspect of the invention relating to the removable shroud portions 44, 82, as well as the
second aspect of the invention relating to the removable seal plates 100, 106 and seals

104, 110, in alternative embodiments (not il]ustrated), a turbocharger can include only the

- turbine end or compressor end removable shrouds of the first aspect, or only turbine end

or compressor end seals of the second aspect.

The invention in its various aspects facilitates maintenance and service work on
turbochargers by making it easier and less-costly to remove and replace the compressor

and/or turbine wheels, and to remove and replace the compressor and/or turbine seals.

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 modifications and other embodiments are intended to be
included within the scope of the ‘appended claims. Although specific terms are employed

herein, they are used in a generrc and descrrptrve sense only and not for purposes of

- limitation.
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WHAT IS CLAIMED IS:

‘1., A turbocharger, comprising:

a centrifugal compressor comprising a compressor wheel having a maximum

outer diameter, the Compressor wheel including a plurality of compressor b]ades each

extending generally radially outward from aroot to a up of the blade;

a centrifugal turbine compnsmg a turbine wheel having a max1mum outer
dlameter the turbine wheel including a plurality of turbine blades each extendmg
general]y radlal]y outward from a root to a tip of the blade;

a rotatable shaft having a first end on which the compressor wheel is mounted and

an opposite second end on: which the turbine wheel is mounted, the shaft being supported

ina bearing assembly; and

a housing containing the beariﬁg assembly and the compfeséor and turbine
wheels, the housing including a compressor end hbusing defining a volute surrounding .
the compressor wheel for rec.ei;/ing air compressed by the compressor Wheel, the
compressor end housing having a radially iﬁner surface d‘efining a minimum inside
diameter of the co’mﬁressbr end housing, said minimum inside diameter being greater
lhan the maxnnum outer diameter of the compressor wheel, and the housing further

compnsmg a compressor, shroud pomon removably fastened by an fastening arrangement

to the eompresso: end housing and defining an inner shroud surface proximate the tips of

the eompressor blades, the compressor shroud portion being configured to be removable

upon release of the fastemng arrangement such that the compressor wheel is removable

: from the housmg whﬂe the compressor end housing is still in place

2. The turbocharger of claim 1, WhErein the housing includes a center housing
that defines a cavity containing the bearing assembly, and further comprising a
compressor seal plate that seals against a removable compressor seal that seals against a_

rotating surface to substantially isolate the cavity of the center housing from the

.compressor, wherein the compressor seal plate is removably fastened to the center

' housing by a fastening arrangement, whereby the compressor seal plate and removable

compressor seal are removable and replaceable.

"],O'
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3. The turbocharger of claim 1, wherein the housing includes a turbine end
housingAdeﬁnin g a volute surrounding the turbine wheel for recéiving exhaust gas and
suup]ying the exhaust gas to the turbine wheel, the turbine end housing haVing a radially
inner surface ‘deﬁning a'minimum inside diameter of the turbine end housing, said
minimum inside diameter being great.er than the maximum outer diameter of the turbine

wheel, and the housing further conlprising a turbine shroud ponion'remc'wably fastened

" by a fastening arrangement to the turbine end housing and defining an inner shroud

surface proximate the tips of the turbine blades, the turbine shroud ponion being
configured to be removable upon release of the fastening arrangement such that the
turbine wheel is removable from the housing while the turbine end housmg is sull in.

place.

4. The turbocharger of claim 3; wherein the housing includes a center housing
that defines a cavity containing the bearing assembly, and further comprising a turbine
seal plate that sea]s against a removable turbine seal that seals against a rotating surface |
to substantially 1solale the cavity of the center housmg from the turbine, wherein the

turbine seal plate is removably fastened to the center housing by a fastening arrangement, -

~ whereby the turbine seal plate and removable turbine seal are removable and replaceable.

5. The turbocharger of claim 3, wherein the housing includes a center housing.

containing the bearing assembly, and wherein the turbine end housing is separately

formed from the center housmg and is fastened to the center housing by a re]easable

fastening arrangement

6. The turbocharger of claim 1, wherein the huusing includes a center housing
containing the bearing assembly, and wherein the compressor end housing is separately.

formed from the center housing and is fastened to the centerhousing by areleasable

- fastening afrangement.

*7.. The turbocharger of claim 1, wherein the housing inc]udes a center housing to
which the compressor end housing is joined such that a diffuser passage is defined

between the center housing and the compr,essor' end housing, the diffuser passage leading .

-11-



WO 2006/063236 PCT/US2005/044632

10

s

20

25

30

generally radially outwardly from the compressor wheel into the volute defined by the

compressor end housing.

8. A turbocharger, comprising:

a centrrfu gal compressor comprising a compressor wheel having a maxrmum

“outer drameter the compressor wheel including a plurality of compressor blades each

extending generally radially outward from a root toa tip of the blade; ‘

a centrifugal turbine comprising a turbine wheel having a maximum outer
drameter the turbine wheel mc]udmg a plurality of turbine blades each extendmg
general]y radially outward from a root to a tip of the blade;

a rotatable shaft havm ga frrst end on which the compressor ‘wheel is mounted and
an opposrte second end on which the turbine wheel is mounted the shaft being supported
in a bearing assemb]y, and ' 4

a housmg containing the bearing assembly and the compressor and turbine
wheels, the housing inc]uding a turbine end housing defining a volute surrounding the
turbine wheel for receiving exhaust gas and supplying the exhaust gas to the turbine -
wheel, the turbine end housing having a radially inner surface defining a minimum inside -
drameter of the turbine end housmg, said minimum inside diameter bein g greater than the |
maximum outer drameter of the turbine wheel, and the housing further comprising a
turbine shroud portion removably fastened by a fastenrng arrangement to the turbine end

housing and defining an inner shroud surface proximate the tips of the turbine blades, the

turbine shroud portion being configured to be 'removab]e_ upon release of the fastening

arrangement such that the turbine wheel is removable from the housing while the turbine

end housing is still in place.

'9. The turbocharger of clarm 8, wherem the housing includes a center housing
contarnrng the bearmg assembly and Jomed to the turbine end housmg, and further

comprrsmg a turbine seal plate that seals against a removable turbine seal that seals

-against a rotating surface to substantially isolate the cavity of the center housing from the

turbine, wherein the turbine seal plate is removably fastened to the center housing by a
fastening a'rrangement,'whereby the turbine seal p]ate and removable turbine seal are

removable and replaceable.
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10. The turbocharger of claim 9, the housing including a compressor end housing
defining a volute surroundmg the compressor wheel for receiving air compressed by the
compressor wheel, the compressor end housing having a radlally inner surface defining a
minimum mSJde diameter of the compressor end housmg, sald mlmmum inside diameter
being greater than a maximum outer diameter of the compressor wheel ‘and the housing

further comprising a compressor shroud portion removably fastened by an fastening

" arrangement to the compressor end housing and defmmg an inner shroud surface

proximate the tips of the compressor blades, the compressor shroud portion being
configured to be removable upon release of the fastening arrangement such that.the
COmpressor wheel is removable from the housing while the 'compressor end housingis

still in place.
11. The turbocharger of claim 8, wherein the turbine seal comprises a seal ring.

12.. A turbocharger, comprising: ‘

a centrrfugal COmpressor comprlsmg a compressor wheel mcludmg a plurality of
compressor blades; ' ‘

a centrifugal turbine comprising a turbine wheel including a plurality of turbine
blades; ' | - - ' o

a rotatable shaft having a first end on which the compressor wheel is mounted and
an opposite second end on which the turbine wheel is mounted, the sheft being supportedl
in a bearing assembly, and’ | |

a housing containing the compressor and turbine wheels and including a center

‘ ‘housing that deﬁnes a cavity containing the bearing assembly, and further comprising a

turbine seal plate that seals against a removable turbine seal that seals against a rotatmg

surface to substantially isolate the cavity of the center housmg from the turbine, wherein

“the turbme seal plate is removably fastened to the center housing by a fastemng

' arrangement whereby the turbme seal plate and removable turbine seal are removable

and replaceable.

13. The turbocharger of cl‘aim 12, wherein the turbine seal comprises a seal ring.

-13-
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14. Thg turbocharger of claim 12, further éomprising a compressor seal plate that
seals against a removable conﬁpressor seal that seals against a rotating surface to
substahtiélly isolate the cavity of the center houéing froni the compressor, Whérein the
compressor seal plate is removab]y fastened to the center hbusing by a fastening

~ arrangement, whereby lheb,ompfessor seal plate'and removable compressor seal are

removable and replaceable.

15. The turbocharger of claim 14, wherein the compressor seal comprises a seal -

ring.
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