Office de la Propriete Canadian

CA 2352021 C 2003/12/23

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 352 021
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(22) Date de depot/Filing Date: 2001/07/03

(41) Mise a la disp. pub./Open to Public Insp.: 2003/01/03

(45) Date de deéelivrance/lssue Date: 2003/12/23

(51) Cl.Int.”/Int.CI.Y FO2B 39/00, FO2F 11/00

(72) Inventeurs/Inventors:
MEYERKORD, DANIEL J., US;
SVIHLA, GARY R., US

(73) Proprietaire/Owner:
GENERAL MOTORS CORPORATION, US

(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : DISPOSITIF D'ETANCHEITE A DOUBLE PHASE POUR ARBRE DE TURBOCOMPRESSEUR
(54) Title: TURBOCHARGER SHAFT DUAL PHASE SEAL

44 - 32 10
24 ‘//
28
30 26
R K h 48
| f 46
!‘ 4 :!“ 12
\ | N 120
o0 12— [N
114 e |
! 50 Ol
118
20 | :_T'l__ 18
N 1 NN T I
~ : | %0 N 1g
= e 1
116 P : 1
7.7 Lr / . ’}."_/////' ' 1 l 94
90 S B
.7 y
Tyt
| ) 40
! B! 36
.'X | ¥ ‘ \‘.\.
.\ F N \"-\
‘! 3 l! ‘,) \'..
o fald —!J ﬁ "\'. Lo
£l ) 35 B
14— A 42 34
(57) Abrége/Abstract:

A seal system for a four cycle engine turbocharger includes dual phase seals for limiting leakage from lubricated rotor support
bearings to a turbine and/or compressor wheel of a rotor operational over an extended speed range. The dual phase seal
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(57) Abréege(suite)/Abstract(continued):

combines features of a labyrinth seal, effective in a higher portion of the turbocharger rotor speed range, with features of an
auger seal, found to be effective in a lower portion of the rotor speed range. The dual phase seals each include an outer cylinder
on the rotor between a bearing and an associated wheel, an inner cylinder carried by a rotor support and surrounding the outer
cylinder with close clearance, auger seal grooving formed In one of the cylinders on a portion thereof toward the bearing,
labyrinth seal grooving formed in one of the cylinders on a portion thereof toward the wheel, and a pressure air supply to the
labyrinth seal at a pressure which is reduced at rotor speeds In a lower portion of the speed range. Air pressure Is supplied from
an output of the compressor wheel to the labyrinth seal grooving for both the turbine and compressor ends of the rotor shaft. The
dual phase seals operate without wear and provide cost effective and dependable rotor sealing at all rotor speeds without fragile
or wearing parts, fallure of which could cause damage to other components.
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ABSTRACT

A seal system for a four cycle engine turbocharger includes
dual phase seals for limiting leakage from lubricated rotor support bearings to
a turbine and/or compressor wheel of a rotor operational over an extended
speed range. The dual phase seal combines features of a labyrinth seal,
ettective in a higher portion of the turbocharger rotor speed range, with
features of an auger seal, found to be effective in a lower portion of the rotor
speed range. The dual phase seals each include an outer cylinder on the rotor
between a bearing and an associated wheel, an inner cylinder carried by a
rotor support and surrounding the outer cylinder with close clearance, auger
seal grooving formed in one of the cylinders on a portion thereof toward the
bearing, labyrinth seal grooving formed in one of the cylinders on a portion
thereotf toward the wheel, and a pressure air supply to the labyrinth seal at a
pressure which 1s reduced at rotor speeds in a lower portion of the speed
range. Air pressure 1S supplied from an output of the compressor wheel to the
labyrinth seal grooving for both the turbine and compressor ends of the rotor
shaft. The dual phase seals operate without wear and provide cost effective
and dependable rotor sealing at all rotor speeds without fragile or wearing

parts, failure of which could cause damage to other components.
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TURBOCHARGER SHAFT DUAL PHASE SEAL

TECHNICAL FIELD

This invention relates to compressor and turbine wheel shaft
seals, particularly for use in engine turbochargers and the hke. More
particularly, the invention relates to a shaft seal system especially applicable to

four cycle engine turbochargers.

BACKGROUND OF THE INVENTION

Well known turbocharged two cycle diesel engines have been
used in railway locomotives and other applications for many years. Because
two cycle engines are not self scavenged, a turbocharger has been developed
which uses a mechanical drive train to drive a turbine/compressor rotor to
provide adequate scavenging and charging air pressure at engine idle and in
the lower speed and power settings of the associated engine. The
turbocharger is provided with turbine and compressor rotor shaft seals
employing labyrinth seal grooves fed with pressure air from the output of the
compressor wheel. The developed labyrinth seal system has proved to be
extremely reliable and functionally effective, as well as cost effective for use
in two cycle engine applications. The labyrinth seal grooves are preferably
formed in an inner cylinder surrounding the rotor shaft, although they could
alternatively be formed in an outer cylinder rotating with the shaft.

In designing a turbocharger for a four cycle diesel locomotive
engine, the labyrinth seal system used in the two cycle engine turbocharger
has been found to be less effective. This is because, at idle and in operation at
light loads, the four cycle turbocharger does not provide sufficient air pressure
boost to supply adequate air pressure to the labyrinth seals. A suitable cost
effective and reliable seal system was therefore desired to effectively limit oil
leakage under the full operating range of the four cycle engine and

turbocharger.
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SUMMARY OF THE INVENTION

The present invention provides an improved seal system
including a dual phase seal for limiting leakage from lubricated rotor support
bearings to a turbine and/or compressor wheel of a rotor operational over an
extended speed range. The dual phase seal combines features of the
previously developed labyrinth seal, effective in a higher portion of the
turbocharger rotor speed range, with added features of a known auger seal,

found to be effective in a lower portion of the rotor speed range.

In general, the dual phase seal includes an outer cylinder on the
rotor between a bearing and an associated wheel, an inner cylinder carried by
a rotor support and surrounding the outer cylinder with close clearance, auger
seal grooving formed in one of the cylinders on a portion thereof toward the
bearing, labyrinth seal grooving formed in one of the cylinders on a portion
thereof toward the wheel, and a pressure air supply to the labyrinth seal at a
pressure which is reduced at rotor speeds in a lower portion of the speed

range.

The seal system for a turbocharger includes a pressure air
supply from an output of the compressor wheel to the labyrinth seal grooving
of bearing seals for both the turbine and compressor ends of the rotor shaft.
The auger groove portions of the dual phase seals provide effective sealing at
lower rotor speeds but lose effectiveness at higher speeds. The labyrinth
groove portions of the seals provide effective sealing at the higher rotor speeds
where the auger seal portions are less effective.

These and other features and advantages of the invention will be
more fully understood from the following description of certain specific

embodiments of the invention taken together with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a cross-sectional view of an engine turbocharger

having dual phase rotor seals in accordance with the invention;
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FIG. 2 is a side view of the rotor from the embodiment of FIG.
1 showing seal surfaces of the adapter and seal collar;

FIG. 3 is a cross-sectional view of the compressor seal
assembly with portions of the adapter broken away to show the seal bore
grooves; and

FIG. 4 is a cross-sectional view of the turbine seal assembly

with portions of the seal collar broken away to show the seal bore grooves.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings in detail, numeral 10 generally
indicates an exhaust driven turbocharger for an engine, such as a diesel engine
intended for use in railway locomotives or other applications of medium speed
diesel engines. Turbocharger 10 includes a rotor 12 carried by a rotor support
14 for rotation on a longitudinal axis 16 and including a turbine wheel 18 and
a compressor wheel 20. The compressor wheel is enclosed by a compressor
housing assembly 22 including components which are supported on an axially
facing first side 24 of the rotor support 14. An exhaust duct 26 has a
compressor end 28 that is mounted on a second side 30 of the rotor support 14
spaced axially from the first side 24.

The exhaust duct 26 is physically positioned between the rotor
support 14 and the turbine wheel 18 to receive exhaust gases passing through
the turbine wheel and carry them to an exhaust outlet 32. A turbine end 34 of
the exhaust duct 26 and an associated nozzle retainer assembly 35 are
separately supported by an exhaust duct support 36 that is connected with the
exhaust duct 26 at the turbine end 34. The exhaust duct support 36 also
supports a turbine inlet scroll 38 which receives exhaust gas from the
associated engine and directs it through a nozzle ring 40 to the turbine wheel
18 for transferring energy to drive the turbocharger compressor wheel 20.

The rotor support 14 includes a pair of laterally spaced
mounting feet 42 which are rigidly connected to an upstanding mounting

portion 44 of the rotor support 14 and are adapted to be mounted on a rigid
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base, not shown. The rotor support 14 further includes a tapering rotor
support portion 46 having bearings 48, 50 that rotatably support the rotor 12.
Bearing 48 is a combination sleeve and thrust bearing while bearing 50 1s
primarily a sleeve bearing.

Referring particularly to FIG. 2, the rotor 12 includes a shaft
52 connected with the turbine wheel 18 at one end and the compressor wheel
20 at the opposite end. The shaft 52 includes a pair of axially spaced bearing
journals 54, 56 respectively adjacent the compressor and turbine wheel ends of
the shaft. A flange, inboard of journal 54, carries a radial thrust reaction
surface 58. A second flange adjacent journal 56 carries a radial surface 60.
Journals 54, 56 are respectively supported in bearings 48, 50. Radial surface
58 carries thrust forces to the sleeve/thrust bearing 58 and radial surface 60
limits axial movement of the rotor.

Connecting means of any suitable type may be provided for
aligning and connecting the compressor and turbine wheels on their respective
ends of the shaft 52. The aluminum alloy compressor wheel 20 includes an
axially aligned cylindrical stub 62 on which is fixed an adapter 64 including an
outer seal surface 65. For the compressor wheel 18, the connecting means
comprise a pair of non-locking cones including an external cone 66 extending
axially from the adapter 64 and engaging an internal cone 68 formed in the
compressor end of the shaft 52.

For the turbine wheel 18, the connecting means include non-
locking cones including an external cone 70 integral with and extending
axially from the turbine wheel to engagement with an internal cone 72 formed
in the turbine end of the shaft 52. A seal collar 74 fixed on the turbine wheel
adjacent the cone 70 includes an outer seal surface 76. The rotor elements are
secured together by fastener means including a nut 78 and a long stud 79 that
extends through the compressor wheel 20 and shaft 52 to engage a threaded
opening 80 in the external cone 70 of the turbine wheel 18. The stud and nut
hold the non-locking cones in engagement to maintain the compressor and

turbine wheels in axial alignment on the shaft 52. Mechanical stops 84, 86 are
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preferably provided between the shaft and wheel elements of the rotor to
provide angular orientation and allow reassembly of the elements in
predetermined angular relation. Any suitable forms of stops may be used.

In accordance with the invention, as best shown in FIGS. 2-4,
the outer seal surface 65 of adapter 64 is an outer cylinder located between the
compressor wheel 20 and bearing journal 54, which is supported by oil
lubricated bearing 48 (FIG. 1). The outer cylinder 635 1s surrounded by an
inner cylinder 88, formed by a bore in a compressor seal 90 fixed to the rotor
support 14 at the compressor end of the support portion 46. Similarly, the
outer seal surface 76 of seal collar 74 is an outer cylinder located between the
turbine wheel 18 and bearing journal 56, which is supported by oil lubricated
bearing 50. The outer cylinder 76 is surrounded by an inner cylinder 92,
formed by a bore in a turbine seal 94 fixed to the rotor support 14 at the
compressor end of the support portion 46. The outer cylinders 65, 76 are
centered within the inner cylinders 88, 92 with a predetermined close
clearance selected to enhance sealing action of the dual phase seals partially
defined by opposing cylinders 65, 88 and 76, 92.

The outer cylinders 65, 76 are each provided with auger seal
grooving 96 consisting of a multi-start helical thread cut into the outer
cylinders 65, 76. The threads extend over about the inner halves of the
respective outer cylinders, that is, the ends toward their adjacent bearings, and
lie opposite smooth bore portions 98 of the associated inner cylinders 88, 92
(FIGS. 3 and 4). The threads have helix angles turning in opposite directions,
chosen so that rotation of the rotor causes a viscous pumping action of the
threads against the smooth bores 98 that forces oil entering the clearance back
toward the associated bearings.

The inner cylinders 88, 92 are each provided with labyrinth seal
grooving 100 (FIGS 3 and 4) consisting of spaced circumferential lands and
grooves cut into the inner cylinders 88, 92. The labyrinth seal grooving 100
extends over about the outer halves of the respective inner cylinders, that is,

the ends toward their adjacent wheels 20, 18, and lies opposite smooth
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surfaced portions 102 of the associated outer cylinders 65, 76. A wider
central groove in the grooving 100 receives air pressure through passages 104,
106 in the compressor seal 90 and passages 108, 110 in the turbine seal 94.
The air pressure is received from an annular groove 112 in the turbocharger
rotor support mounting portion 44 (FIG. 1) behind the back face 114 of the
compressor wheel near its outer periphery. Air pressure is received at the
groove 112 from the air output at the circumference of the compressor wheel
and is conducted through internal passages in the rotor support 12 to the
passages 106, 110 of the compressor and turbine seals 90, 94 for delivery to
the labyrinth seal grooving 100. The air pressure in grooving 100 is
distributed across the clearance from the smooth surfaced portions 102 of the
outer cylinders 65, 76 and partially flows back through the clearance toward
the adjacent bearings 48, 50, further preventing the passage of o1l through the
clearance toward the compressor and turbine wheels.

The turbocharger rotor operates over a relatively large speed
range, in which it is beyond the ability of the auger seal grooving to be fully
effective. Thus, the auger seal portion is made to provide effective o1l sealing
primarily in the lower portion of the rotor operating speed range and its
effectiveness drops off in the higher portion of the speed range. Conversely,
the air pressure fed to the annular groove 112 from the compressor wheel
output is relatively low at low rotor speeds and inadequate to provide effective
labyrinth oil sealing. However, in the higher portion of the rotor speed range
the air pressure is adequate to provide effective sealing by the labyrinth seal
portions.

Thus the combined auger seal grooving 96 and labyrinth seal
grooving 100 together with pressure air supply thereto at higher turbine speeds
comprise dual phase seals 116, 118 that provide effective oil sealing over the
entire operating speed range of the turbocharger rotor 12. In the turbocharger
application, the dual phase seals comprise part of a seal system 120 that
supplies pressure air to the labyrinth seals from the output of the compressor

wheel, wherein the pressure is reduced in a lower portion of the rotor speed
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range. In this lower speed portion, the auger seal grooves are fully effective
to prevent oil leakage toward the wheels. At higher rotor speeds, higher air
pressures supplied by the compressor wheel make the labyrinth seal portions
fully effective to prevent oil leakage while the effectiveness of the auger seal
portions is reduced. Since positive clearance i1s provided between the inner
and outer cylinders of the dual phase seals, virtually no wear is experienced at
the seal surfaces during operation of the turbocharger. Further, if some
contact did occur, only minor wear would be experienced which would not
impair the sealing functions. Additionally, the dual seal assembly includes no
fragile components which can break and potentially damage the rotor. Thus
the dual phase seal system provides a cost effective as well as functionally
effective and reliable seal system for a turbocharger or other rotary machine
wherein a variable air pressure source 1s available.

While the invention has been described by reference to certain
preferred embodiments, it should be understood that numerous changes could
be made within the spirit and scope of the inventive concepts described.
Accordingly, it is intended that the invention not be limited to the disclosed
embodiments, but that it have the full scope permitted by the language of the
following claims.

-t e ——— e AN ———— " A ———
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A dual phase seal for limiting o1l leakage from a lubricated
bearing of a rotor support to a gas reacting wheel of a rotor operational over
an extended speed range, said seal comprising:

an outer cylinder on the rotor between the bearing and the

wheel;

an inner cylinder carried by the rotor support and surrounding
the outer cylinder with close clearance;
auger seal grooving formed 1n one of the cylinders on a portion

thereof toward the bearing;

labyrinth seal grooving formed in one of the cylinders on a
portion thereof toward the wheel; and

a pressure air supply for supplying air to the labyrinth seal
grooving at a pressure which 1s reduced at rotor speeds in a lower portion of

the rotor speed range.

2. A dual phase seal as in claim 1 wherein said wheel 1s an air

compressing impeller.

3. A dual phase seal as in claim 1 wherein said wheel is an

exhaust gas driven turbine.

4. A dual phase seal as in claim 1 wherein said air supply is an

output of an air compressing impeller mounted on said rotor.

5. A dual phase seal as in claim 1 wherein said auger seal

grooving 1s 1n the outer cylinder
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6. A dual phase seal as in claim 1 wherein said labyrinth seal

grooving is in the inner cylinder.

7. A seal system for a turbocharger having an exhaust gas
driven rotor including a turbine wheel connected by a shaft to a compressor
wheel, the shaft being supported in a rotor support by spaced turbine and
compressor end pressure lubricated bearings fixed respectively inwardly
adjacent the turbine and compressor wheels for rotation of the rotor on an axis
over an extended speed range, said seal system comprising

an outer cylinder on the rotor between each of the wheels and
their adjacent bearings;

an inner cylinder carried by the rotor support and surrounding
each of the outer cylinders with close clearance;

auger seal grooving formed in one of the inner and outer
cylinders adjacent each wheel on a portion of each of the respective cylinders
toward 1ts adjacent bearing;

labyrinth seal grooving formed in one of the inner and outer
cylinders adjacent each wheel on a portion of each of the respective cylinders
toward its adjacent wheel; and

a pressure air supply from an output from the compressor wheel
to supply air to the labyrinth seal grooving of each of the respective cylinders
at a pressure which is reduced at rotor speeds in a lower portion of the rotor
speed range;

sald auger seal portions of the associated cylinders being
etfective to limit o1l leakage toward their adjacent wheels in a lower portion of
the rotor operational speed range when the air pressure output from the
compressor wheel 1s low; and

said labyrinth seal portions of the associated cylinders being
effective to limit oil leakage toward their adjacent wheels in an upper portion

of the rotor operational speed range when the air pressure output from the

.....
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compressor wheel 1s increased and the effectiveness of the auger seal portions

1S reduced.

8. A seal system as 1n claim 7 wherein said auger seal

grooving 1s in the outer cylinders

9. A seal system as 1n claim 7 wherein said labyrinth seal

grooving 1s in the inner cylinders.

10. A seal system as in claim 7 wherein said air supply output

originates at a recess behind a back face of the compressor wheel.
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