wo 20147209852 A1 |1 N0F V00O O 0 0O

(43) International Publication Date
31 December 2014 (31.12.2014)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2014/209852 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
F02B 39/00 (2006.01) F16J 15/16 (2006.01)
FO01D 11/00 (2006.01)

International Application Number:
PCT/US2014/043605

International Filing Date:
23 June 2014 (23.06.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/840,725 28 June 2013 (28.06.2013) US

Applicant: BORGWARNER INC. [US/US]; Patent De-
partment, 3850 Hamlin Road, Auburn Hills, Michigan
48326 (US).

Inventors: KELLY, Allan; 115 Classic Oaks Circle,
Hendersonville, North Carolina 28792 (US). PETER, Jo-
hannes; Vogesort 9, 30457 Hannover (DE).

Agents: ASHER, Robin W. et al.; Miller, Canfield, Pad-
dock and Stone, P.L.C., 150 West Jefferson, Suite 2500,
Detroit, Michigan 48226 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: TURBOCHARGER COMPRESSOR-END CARBON FACE SEAL

(57) Abstract: A passive, progressively-applied contact face seal assembly (163) is used to address blowby between the rotating as -
sembly (104, 108, 114, 124) and housing (110) of a turbocharger (100). The seal assembly (163) is configured to avoid seal contact
at low rotational speeds, resulting in less friction at start-up and improved turbocharger (100) transient response. In addition, the seal
assembly (163) is configured to provide increasing seal contact with increasing rotational speeds, whereby a full seal is applied un-
der high speed, high pressure conditions when blow-by potential is maximum. The seal assembly (163) is used along with a clear -
ance seal (162).



WO 20147209852 A1 WAL 00 T 000 0 00 00O A

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




10

15

20

25

30

WO 2014/209852 PCT/US2014/043605
TURBOCHARGER COMPRESSOR-END CARBON FACE SEAL

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to and all benefits of U.S. Provisional Application No.
61/840,725 filed on June 28, 2013, and entitled “Turbocharger Compressor-End Carbon Faced
Seal.”

BACKGROUND
1. Field of the Invention
This invention addresses the need for an improved shaft sealing design for the dynamic

fluid joint between a turbocharger rotating assembly and the bearing housing in which it resides.

2. Description of Related Art

Turbochargers are a type of forced induction system. They deliver air, at greater density
than would be possible in the normally aspirated configuration, to the engine intake, allowing
more fuel to be combusted, thus boosting the engine's horsepower without significantly
increasing engine weight. Alternatively, use of turbochargers allow engine manufacturers to
provide engines having reduced displacement in order to increase fuel economy and reduce CO02
emissions, while maintaining the same engine power level and vehicle performance.

Referring to Fig. 1, an exhaust gas turbocharger 5 uses the exhaust flow from the engine
exhaust manifold to drive a turbine wheel 10 located in the turbine housing 2. The turbine wheel
10 drives a compressor wheel 9 located in the compressor housing 30 via a shaft 3 that extends
between the turbine and compressor housings 2, 30. The shaft 3 is rotatably supported in a
bearing housing 20 disposed between the turbine and compressor housings 2, 30. Air
compressed within the compressor housing 30 is then provided to the engine intake as described
above. Unwanted flow of gas between the bearing housing 20 and either end housing 2, 30 is
known as “blowby”. Compressor-end as well as turbine-end oil passage is to be avoided as both
can result in poisoning of the catalysts and unwanted emissions. With ever more stringent
emissions standards, coupled with the more common use of closed crankcase ventilation, the
propensity for gas and/or oil passage across the piston ring seal is becoming a greater issue.

Various types of passive seals are used in turbochargers to address blowby. However,
some conventional passive seals are associated with rapid wear, generation of heat which must
be removed by increased oil flow, and high power loss due to parasitic drag. There is a need for

a passive design for enhancing the seal between bearing housing and section housings 2, 30,
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thereby minimizing the passage of exhaust gas, oil and/or particulates across the seal ring(s) for
turbochargers.

There is a demand to improve turbocharger effectiveness at low speed and/or the
transition time from low speed to medium speeds. This is historically known as turbo “lag” and
more recently termed transient response. Turbocharger manufacturers have improved output
over the turbo speed range by minimizing bearing system power losses, improved acrodynamic
efficiency and by staging small and large turbochargers to provide optimal boost for a wider
range of engine operating conditions. In the case of multiple stage turbochargers, blow-by
leakage is physically doubled but the leakage rate expectation remains at single turbo levels.
There is a need for bearing system seals that reduce blow-by without increasing low speed power

loss as contacting seals are applied.

SUMMARY

In some aspects, a turbocharger includes a housing; a rotating assembly mounted for
rotation within said housing and defining an axis of rotation, and a passive contact face seal
assembly provided in said housing. The contact face seal assembly is configured so that a
contact surface of the contact face seal assembly does not contact the rotating assembly when the
rotating assembly is at rest, and the contact surface contacts the rotating assembly with
increasing contact pressure as the rotational speed of the rotating assembly increases.

The turbocharger may include one or more of the following features: The contact surface
is configured to contact a seal-receiving surface of said rotating assembly, where the seal-
receiving surface of the rotating assembly is oriented perpendicular to the rotational axis. The
seal-receiving surface of said rotating assembly is located on a flinger. The contact face seal
assembly further comprises a device configured to progressively urge the contact surface axially
against a seal-receiving surface of said rotating assembly as the rotational speed of the rotating
assembly increases, where the seal-receiving surface of the rotating assembly is oriented
perpendicular to the rotational axis. The device is configured to be actuated by pneumatic
pressure supplied by a compressor stage of the turbocharger. The device comprises a mechanism
that is responsive to the rotational speed of the rotating assembly. The contact surface is
comprised of a carbon based seal material. A clearance seal is disposed between the rotating
assembly and the housing.

In some aspects, a turbocharger includes a housing; a rotating assembly mounted for
rotation within said housing and defining an axis of rotation and an annular contact face seal
assembly provided in said housing. The contact face seal assembly includes a contact surface

configured to contact a seal-receiving surface of one of a stationary member of the turbocharger
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and a member of the rotating assembly. The contact face seal assembly is further configured so
that the contact surface does not contact the seal-receiving surface when the rotating assembly is
at rest, and the contact surface contacts the seal-receiving surface (140) with increasing contact
pressure as the rotational speed of the rotating assembly increases.

The turbocharger may include one or more of the following features: The seal receiving
surface is formed on a flinger of the rotating assembly. The seal-receiving surface is formed on
an insert disposed between the flinger and the housing. The seal-receiving surface is oriented
perpendicular to the rotational axis. The contact face seal assembly further comprises a device
configured to progressively urge the contact surface axially against the seal-receiving surface of
the stationary member as the rotational speed of the rotating assembly increases, where the seal-
receiving surface of the stationary member is oriented perpendicular to the rotational axis. The
contact face seal assembly further comprises a device configured to progressively urge the
contact surface axially against the seal-receiving surface of the rotating assembly as the
rotational speed of the rotating assembly increases, where the seal-receiving surface of the
rotating assembly is oriented perpendicular to the rotational axis.

The invention is accomplished by supplementing a conventional clearance or labyrinth
seal with a progressively-applied, passive contact face seal. The progressively-applied, passive
contact face seal does not make contact with a rotating assembly that is stationary or rotating at
low rotational speeds. As a result, there is less friction at turbocharger start-up and thus transient
response is improved. As the rotational speed increases, the contact face seal is urged against the
flinger or thrust bearing. The contact pressure between the contact face seal and the rotating
assembly increases with increasing rotational speed. The progressively-applied, passive contact
face seal makes contact with a rotating assembly at high rotational speeds with highest contact
pressures at the highest rotational speeds, whereby a full seal is applied under high speed, high
pressure conditions when blow-by potential is maximum. The progressively-applied, passive
contact face seal advantageously improves low speed transient response and low speed efficiency
relative to some conventional non-progressive contact face seals that are in contact with the
rotating assembly at all speeds, and are associated with rapid wear, generation of heat which
must be removed by increased oil flow, and high power loss due to parasitic drag. The
progressively-applied, passive contact face seal is also advantageous relative to some
conventional lift off seals, since such lift off seals can be associated with high friction prior to
lift-off that may affect transient response of the turbocharger.

As used herein, references to relative rotational speeds (e.g., low speeds and high speeds)
are understood to depend on the particular application. For example, when used in a commercial

diesel vehicle, a turbocharger is considered to be operating at high speeds for rotating assembly
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rotational speeds in a range of about 120,000 rpm to 180,000 rpm, and operating at low speeds

for rotating assembly rotational speeds in a range of about 30,000 rpm to 50,000 rpm. The
rotating assembly rotational speeds are much lower than 30,000 rpm at diesel engine idle. When
used in a passenger automobile, a turbocharger is considered to be operating at high speeds for
rotating assembly rotational speeds in a range of about 220,000 rpm to 300,000 rpm, and
operating at low speeds for rotating assembly rotational speeds in a range of about 110,000 rpm
to 150,000 rpm. The rotating assembly rotational speeds are much lower than 150,000 rpm at
engine idle.

Further advantageously, use of a main seal and an auxiliary seal provides redundancy.
For example, if one of the seals becomes less effective due to wear, the other of the seals will
continue to reduce or eliminate blowby.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in the accompanying
drawings in which like reference numbers indicate similar parts, and in which:

Fig. 1 is a cross sectional view of a conventional turbocharger;

Fig. 2 is a cross sectional view of a turbocharger including a progressively-applied,
passive contact face seal;

Fig. 3 is a cross-sectional view of a compressor-end of a bearing housing including the
progressively-applied, passive contact face seal of Fig. 2; and

Fig. 4 is a cross-sectional view of a compressor-end of a bearing housing including

another embodiment progressively-applied, passive contact face seal.

DETAILED DESCRIPTION

Referring to Fig. 2, an exhaust gas turbocharger 100 includes a turbine section 102, a
compressor section 106, and a center bearing housing 110 disposed between, and connecting, the
compressor section 106 to the turbine section 102. The turbine section 102 includes a turbine
housing 103 and a turbine wheel 104 disposed in the turbine housing 103. The compressor
section 106 includes a compressor housing 107 and a compressor wheel 108 disposed in the
compressor housing 107. The turbine wheel 104 is connected to the compressor wheel 108 via a
shaft 114. The shaft 114 is supported for rotation about a rotational axis 116 via a pair of axially
spaced journal bearings 118, 120 within in a bore 112 formed in the bearing housing 110. In
addition, a thrust bearing assembly 128 is disposed in the bearing housing 110 so as to provide
axial support for the shaft 114.

The shaft 114 is reduced in diameter on the compressor side of the compressor-side

journal bearing 118, and a shoulder 115 is formed at the transition between diameters. The
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compressor wheel 108 and the thrust bearing assembly 128, including a thrust bearing 122, a
thrust washer assembly 123, and an oil flinger 124, are all disposed about the shaft 114 in the
reduced diameter portion. The terminal end 114a of the shaft 114 extends axially beyond the
compressor wheel 108 and includes an external thread. A nut 130 engages the thread, and is
tightened sufficiently to clamp the compressor wheel 108 and the flinger 124 against the
shoulder 115. A stationary insert 132 and the thrust bearing 122 are clamped against the bearing
housing 110 by a snap ring. In addition, the turbocharger 100 includes a seal assembly 160 for
addressing compressor-end blowby that combines a main seal 162 such as a clearance seal or
labyrinth seal in combination with a passive auxiliary seal assembly 163. In particular, the
passive auxiliary seal assembly 163 includes a contact face seal 164 that is configured to be
applied progressively, as discussed further below.

In use, the turbine wheel 104 in the turbine housing 103 is rotatably driven by an inflow
of exhaust gas supplied from the exhaust manifold of an engine (not shown). Since the shaft 114
connects the turbine wheel 104 to the compressor wheel 108 in the compressor housing 107, the
rotation of the turbine wheel 104 causes rotation of the compressor wheel 108. As the
compressor wheel 108 rotates, it increases the air mass flow rate, airflow density and air pressure
delivered to the engine’s cylinders via an outflow from the compressor section 106, which is
connected to the engine’s air intake manifold.

Referring to Fig. 3, the flinger 124 is fixed to the shaft 114, and includes a cylinder
portion 124a that faces the compressor wheel 108, and a flange portion 124b that runs against a
compressor-facing side of the thrust bearing 122. An insert 132 is disposed in the bore 112
between the compressor wheel 108 and the thrust bearing 122, and is also disposed radially
outwardly of the flinger cylinder portion 124a. The seal assembly 160 is disposed between the
flinger 124 and the insert 132. In particular, the main seal (e.g., a clearance seal) 126 is
positioned between the rotating cylinder portion 124a of the flinger 124 and the stationary
bearing housing bore 112. In the illustrated embodiment, a set of piston rings 146, 147 serve as
the main seal 162. The piston rings 146, 147 are supported on a radially-inward facing surface
of the insert 132, and are received within grooves formed in a radially-outward facing surface of
the flinger cylinder portion 124a.

In addition, the auxiliary seal assembly 163 is supported for axial movement in a vacancy
134 formed in a turbine-facing side of the insert 132. The auxiliary seal assembly 163 includes
an annular contact face seal 164, a pair of flip seals 165a, 165b disposed between radial-side
surfaces of the contact face scal 164 and the insert 132, a retainer 167 that is secured to the
turbine-facing side of the insert 132, and a spring 166 disposed between the retainer and the

contact face seal 164. The contact face seal 164 is urged axially toward the compressor-end via
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the spring 166 so that when the shaft 114 is not rotating or is rotating at low speeds, a contact
surface 164a of the contact face seal 164 is axially-spaced apart from the flinger flange portion
124b. As the shaft 114 rotates at higher speeds, the rotation of the compressor wheel 108 causes
the air pressure in the vicinity of the compressor wheel backwall 108a to increase. An air
passageway 136 formed in the insert 132 directs the pressurized air (e.g., P2 pressure) to the
vacancy 134 on the compressor-facing side of the contact face seal 164. At sufficient rotational
speeds, the pressure on the compressor-facing side of the contact face seal 164 is sufficient to
overcome the spring force of the spring 166, whereby the contact surface 164a of the contact
face seal 164 is urged against the flinger flange portion 124b. Moreover, the contact pressure
between the contact face seal 164 and the flinger flange portion 124b increases with increasing
rotational speed, whereby the force applied by the contact face seal 164 can be considered to be
progressively-applied. When using the progressively-applied contact face seal 164 in
combination with the piston rings 146, 147, compressor-end blowby is minimized or eliminated.
Since the blow-by gas pressure is reduced by the piston rings 146, 147, only minimal pressure is
necessary for the progressively-applied contact face seal 164 to form an effective seal.

Since boost pressure P2 typically increases as the turbocharger speed increases, the force
exerted on the contact face seal 164 also will increase with increased turbocharger speed,
providing a more positive sealing interface at higher P2 pressures. Compressor-end blowby past
the clearance seal 162 typically increases at higher speeds. The efficacy of the seal assembly
160, including the auxiliary seal assembly 160, improves at increased speed, countering the
potential for increased blowby past the main seal piston rings (146, 147) at higher speeds and
pressures, thus maintaining the sealing efficacy.

In the embodiment of the invention shown in Fig. 3, the pressurized air delivered to the
vacancy 134 forces the contact face seal 164 to move as depicted by the directional arrows,
towards a compressor-facing axial surface of the flinger flange portion 124b. As used here, the
term “axial surface” refers to a surface that is perpendicular to the axis of rotation 116. The
contact surface 164a of the contact face seal 164 is configured to make contact with an axial
seal-receiving surface 140 of the rotating assembly in order to maintain a reliable seal in the
context of use in a turbocharger, in which the shaft 114 typically experiences large excursions in
the radial direction. However, in some embodiments, the auxiliary seal assembly 163 can be
configured so that the contact surface 164a comes into contact with a radially, or generally-
radially extending seal-receiving surface of the rotating assembly to provide a self-centering
conical seal.

In some embodiments, only the contact surface 164a of the contact face seal 164 is

formed of carbon. For example, the contact face seal 164 can be manufactured with a non-

6



10

15

20

25

30

35

WO 2014/209852 PCT/US2014/043605

carbon backing and a carbon facing so that the seal interface with the flinger 124 or thrust
bearing 122 is always carbon-on-metal. In other embodiments, the contact face seal 164 is fully
manufactured (e.g, substantially the entire contact face seal 164 is manufactured) from carbon or
a carbon based material, such as amorphous carbon or crystalline graphite.

For contact surfaces, carbon graphite strengthened by high temperature thermoplastic
resins such as PEEK (Polyether ether ketone), PAEK (Polyaryletherketone), polyimide, or PTFE
(polytetrafluoroethylene) are currently established to provide strength, temperature resistance
and lubricity needed for intermittent sliding contact, such as occurs in the contact seal 164.
Carbon creates a protective layer that resists further wear. It is also possible to sinter or over
mold the carbon graphite feature onto a lower cost steel substrate.

The rotating member is typically a low-alloy carbon steel hardened and ground to a very
low surface roughness. Material and coating advances may make other material couples possible
in the future to increase service life of such intermittent contact seals.

Factors to be considered in selecting seal material include coefficient of friction between
the two faces, which is responsible for heat generation and thermal expansion, as well as flatness
and finish. In some embodiments, the contact surface 164a is lapped and polished to achieve a
high degree of flatness. In some embodiments, both the contact surface 164a and the seal-
receiving surface 140 are lapped and polished to achieve a high degree of flatness. Surface
finish plays an important role in the film thickness between the seal faces and in the interfacial
heat generation.

The seal assembly 160, including the contact face seal 164, provides improved sealing
without the expected power losses, which are mathematically rolled into the turbine stage power
and are typically measured as a component of turbine stage efficiency. Power losses due to, i.¢.,
friction in the bearing systems, range from approximately 10% of the total turbine stage power at
low speed to 2% at high speed; whereas turbine acrodynamic efficiency ranges from 40% at low
speed to greater than 50% at high speed. As a consequence, the total actual efficiency of the
turbine stage at low speed is more affected by the bearing system power losses than it is at high
speed. In the interest of maximizing low speed turbocharger efficiency and the resulting
improved transient response which accompanies it, the low speed bearing mechanical losses
should be kept to a minimum. By applying low force to the contact face seal 164 only at low
turbocharger speed changes and high force to the contact face seal 164 when turbocharger speeds
are high, the low speed losses due to the contact face seal 164 are kept to a minimum and the
resultant turbine stage efficiency is maximized.

Referring to Fig. 4, an alternative embodiment seal assembly 260 is included in the

turbocharger 100. The seal assembly 260 includes the main seal 162 in combination with a
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passive auxiliary seal assembly 263, and is disposed between the flinger 224 and the insert 232.

As in the previous embodiment, the main seal (e.g., a clearance seal) 162 is in sealing
engagement between the rotating cylinder portion 224a of the flinger 224 and the stationary
bearing housing bore 112. A set of piston rings 146, 147 serve as the main seal 162. The piston
rings 146, 147 are supported on a radially-inward facing surface of the insert 232, and are
received within grooves formed in a radially-outward facing surface of the flinger cylinder
portion 224a.

In addition, the passive auxiliary seal assembly 263 is supported for axial movement
within in an annular vacancy 226 formed in a compressor-facing side of the flinger flange
portion 224b. The auxiliary seal assembly 263 includes an annular contact face seal 264, a pair
of flip seals 265a, 265b disposed between radial-side surfaces of the contact face seal 264 and
the flinger 224, and centrifugal biasing device 268 disposed between a turbine-facing surface of
the contact face seal 264 and a compressor-facing surface of the flinger flange portion 124b.

The centrifugal biasing device 268 includes a mass 270 that is connected via a first
pivotable link 272 to the turbine-facing side of the contact face seal 264 and via a second
pivotable link 274 to the compressor-facing side of the flinger flange portion 224b. In use, the
mass 270 creates a radial centrifugal force proportional to the square of the shaft rotational
speed. In addition, the links 272, 274 provide a spring force opposing the centrifugal force, and
serve to convert the radial displacement of the mass 270 into an axial displacement of the contact
face seal 264.

When the shaft 114 is not rotating or is rotating at low speeds, a contact surface 264a of
the contact face seal 264 is urged axially toward the turbine-end via centrifugal biasing device
268 so that the contact surface 264a is axially-spaced apart from a turbine-facing, seal-receiving
surface 240 of the insert 232. As the shaft 114 rotates at higher speeds, the rotation of the flinger
224 causes mass 270 to move radially. As a result, the centrifugal biasing device 268 urges the
contact surface 264a to move axially against the seal-receiving surface 240 of the insert 232.
Moreover, the contact pressure between the contact surface 264a and the seal-receiving surface
240 increases with increasing rotational speed, whereby the force applied by the contact face seal
264 can be considered to be progressively-applied. When using the progressively-applied
contact face seal 264 in combination with the piston rings 146, 147, compressor-end blowby is
minimized or eliminated.

In the embodiment depicted in Fig. 4, the auxiliary seal assembly 263 is transposed from
the static side (i.c., from the insert 232) to the dynamic side (i.c., to the flinger 224) so that the
dynamic sealing face (e.g., the contact surface 264a) is now on the flinger 224, and the static

sealing face (e.g., the seal-receiving surface 240) is on the insert 232.
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Although the auxiliary seal assembly 163 described above with respect to Figs. 2 and 3

provides a pneumatically-actuated contact face seal 164 on the static side (i.c., is supported on
the insert 132), the auxiliary seal assembly 163 including the pneumatically-actuated contact face
seal 164 can be configured to be supported on the dynamic side (i.e., supported on the flinger
124 or thrust bearing 122). Likewise, the auxiliary seal assembly 263 described above with
respect to Fig. 4 provides a centrifugally-actuated contact face seal 164 on the dynamic side (i.e.,
is supported on the flinger 224), the auxiliary seal assembly 263 including the centrifugally-
actuated contact face seal 264 can be configured to be supported on the static side (i.e., supported
on the insert 232).

As in the previous embodiment, the low contact force at low turbocharger speed and the
high contact force at high turbocharger speeds act to maintain an effective sealing interface with

minimal effect on turbocharger efficiency.
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What 1s claimed:

1. A turbocharger (100) comprising
a housing (110);
a rotating assembly (104, 108, 114, 124) mounted for rotation (116) within said housing
(110) and defining an axis of rotation (116),
a passive contact face seal assembly (163) provided in said housing (110), the contact
face seal assembly (163) configured so that
a contact surface (164a) of the contact face seal assembly (163) does not contact
the rotating assembly (104, 108, 114, 124) when the rotating assembly (104, 108, 114,
124) is at rest, and
the contact surface (164a) contacts the rotating assembly (104, 108, 114, 124)
with increasing contact pressure as the rotational speed of the rotating assembly (104,

108, 114, 124) increases.

2. The turbocharger (100) of claim 1, wherein the contact surface (164a) is configured to
contact a seal-receiving surface (140) of said rotating assembly (104, 108, 114, 124), where the
seal-receiving surface (140) of the rotating assembly (104, 108, 114, 124) is oriented

perpendicular to the rotational axis (116).

3. The turbocharger (100) of claim 2, wherein the seal-receiving surface (140) of said
rotating assembly (104, 108, 114, 124) is located on a flinger (124).

4. The turbocharger (100) of claim 1, wherein the contact face seal (164) assembly further
comprises a device (164, 165, 166, 167) configured to progressively urge the contact surface
(164a) axially against a seal-receiving surface (140) of said rotating assembly (104, 108, 114,
124) as the rotational speed of the rotating assembly (104, 108, 114, 124) increases, where the
seal-receiving surface (140) of the rotating assembly (104, 108, 114, 124) is oriented

perpendicular to the rotational axis (116).

5. The turbocharger (100) of claim 4, wherein the device (164, 165, 166, 167) is configured

to be actuated by pneumatic pressure supplied by a compressor stage of the turbocharger (100).

6. The turbocharger (100) of claim 4, wherein the device (164, 165, 166, 167) comprises a
mechanism that is responsive to the rotational speed of the rotating assembly (104, 108, 114,

124).
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7. The turbocharger (100) of claim 1, wherein the contact surface (164a) is comprised of a

carbon based seal material.

8. The turbocharger (100) of claim 1, comprising a clearance seal (162) disposed between

the rotating assembly (104, 108, 114, 124) and said housing (110).

9. A turbocharger (100) comprising
a housing (110);
a rotating assembly (104, 108, 114, 124) mounted for rotation (116) within said housing
(110) and defining an axis of rotation (116), and
an annular contact face seal assembly (163, 263) provided in said housing (110), the
contact face seal assembly (163, 263) including a contact surface (164a, 264a) configured to
contact a seal-receiving surface (140, 240) of onec of a stationary member (232) of the
turbocharger (100) and a member of the rotating assembly (104, 108, 114, 124, 224), the contact
face seal assembly (163, 263) further configured so that
the contact surface (164a, 264a) does not contact the seal-receiving surface (140,
240) when the rotating assembly (104, 108, 114, 124, 224) is at rest, and
the contact surface (164a, 264a) contacts the seal-receiving surface (140) with
increasing contact pressure as the rotational speed of the rotating assembly (104, 108,

114, 124, 224) increases.

10. The turbocharger (100) of claim 9, wherein the seal receiving surface (140) is formed on a

flinger (124) of the rotating assembly (104, 108, 114, 124).

11. The turbocharger (100) of claim 9, wherein the seal-receiving surface (240) is formed on an

insert (232) disposed between the flinger (224) and the housing (110).

12. The turbocharger (100) of claim 9, wherein the seal-receiving surface (140, 240) is oriented

perpendicular to the rotational axis (116).

13. The turbocharger (100) of claim 9, wherein the contact face seal assembly (263) further
comprises a device (268) configured to progressively urge the contact surface (264a) axially

against the seal-receiving surface (240) of the stationary member (232) as the rotational speed of
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the rotating assembly (104, 108, 114, 224) increases, where the seal-receiving surface (240) of

the stationary member (232) is oriented perpendicular to the rotational axis (116).

14. The turbocharger (100) of claim 9, wherein the contact face seal assembly (163) further
comprises a device (164, 165, 166, 167) configured to progressively urge the contact surface
(164a) axially against the seal-receiving surface (140) of the rotating assembly (104, 108, 114,
124) as the rotational speed of the rotating assembly (104, 108, 114, 124) increases, where the
seal-receiving surface (140) of the rotating assembly (104, 108, 114, 124) is oriented

perpendicular to the rotational axis (116).

12
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