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TURBOCHARGER BEARING HOUSING WITH CAST- IN PIPES

BACKGROUND OF THE INVENTION
Field of the Invention
This imvention relates to turbochargers, and in particular provides a bearing housing
with the oil, water and air galleries formed by casting the bearing housing casting material

around pre-staged pipes.

Description of the Related Art

Turbochargers extract energy from a vehicle exhaust to drive a compressor to deliver
air at high density to the engine intake, allowing more fuel to be combusted, thus boosting the
engine's horsepower. The rotating assembly of the turbocharger, comprising turbine wheel,
compressor wheel, and shaft, may rotate at 80,000 RPM to 300,000 RPM. The shaft rotates
on a hydrodynamic bearing system. Oil is fed, under pressure, to an oil fitting in top of the
bearing housing, from which it travels in oil bores to the journal bearings (33, 34) and the
thrust bearing (35).

Conventionally, a bearing housing is cast without oil bores. The bores are
subsequently machined into the bearing housing by drilling along a straight line. Typically a
drill guide is used to support a drill or boring tool, and drilling access for this drill guide (94,
95) can only be through the axially open ends of the relatively small-diameter journal bearing
bore (65) of the bearing housing. This is a very awkward machining feat often requiring
mtricate tooling as the drill must first start, at a very shallow angle, at the correct place in the
journal bearing bore, and then break through the as-cast oil delivery bore. Due to limited
access for the drilling tool, the resulting bore for delivering oil to the journal bearing is at an
angle to the journal bearing bore and located close to the end of the bearing housing.

The thrust bearing oil feed bore (69) is also a straight line bore that typically must
mtersect not only the two journal bearing oil feed bores (67, 68), but also the feed bore (62)
from the oil inlet. The resultant of these geometry of these bores is typically that the breakout
of the thrust bearing oil feed bore (69) in the thrust bearing mounting face (85) is at a larger
offset from the centerline than is desirable, i particular because this results in the canal of
the thrust bearing being at a larger radius from the turbocharger centerline than desired, as a
result of which the thrust bearing must be larger than desired, which elevates the material

cost.
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Most turbochargers mount to the engine via the turbine housing foot. In some cases,
instead of o1l being fed via a pressurized tube or pipe to a fitting on top of the bearing
housing, the turbochargers are mounted to an engine mount via a foot which extends from the
bottom of the bearing housing and includes a connection through which pressurized engine
oil is fed to the bearing housing and a connection for draining the bearing housing to a cavity
within the engine component. Connections may also be provided for water-cooling the
bearing housing.

A problem with such configurations is that the oil feed must travel vertically up from
the bearing housing foot (70), across to a point above each journal bearing, and then
vertically down into the journal bearings. With the current state of the art, several drillings
are required to describe the oil flow path. This also means that some oil bore drillings have to
be drilled from outside the bearing housing to intersect other bores; and then the unused part
of the bore must be sealed off with plugs to complete the oil flow circuit. Such a
manufacturing method also means that corners in the flow path are sharp with no radius to
very little radius, which is not conducive to good fluid flow with low losses.

Further, potentially damaging metal burrs are produced by this metal-removing
manufacturing method, and also as a result from the break-through of the bores into one
another. Once machined, the areas in which the minor machined o1l delivery bores breakout
into the major gallery must be completely deburred to prevent metal burrs from entering the
o1l flow into tightly toleranced bearing clearances. Failure to deburr these areas well could
result in a metal burr entering the bearing and destroying it. These bores are thus time
consuming to fabricate, and there always exists the potential for a plug to fall out and thus
release engine oil, at pressure, into the very hot environment around the engine and
turbocharger.

So it can be seen that there exists the need for a better way of providing oil feed bores

m a turbocharger to minimize the complex and difficult machining operations.

SUMMARY OF THE INVENTION
The present invention solves the above problems by pre-staging a collection of pipes
which will define one or more of oil, air and water galleries, and then casting a bearing
housing around the pipes.
Not only are the problems associated with straight-line machining of features mto the

bearing housing subsequent to the casting process avoided, but the present invention for the
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first time provides almost unlimited freedom in shaping and locating the oil bores and other

features.

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 depicts a section of a typical turbocharger bearing housing assembly;
Fig. 2 depicts a section view of a typical turbocharger journal bearing oil feed

boring scheme;

Figs. 3A,B depicts two half section views showing the inventive cast-in pipes;

Fig. 4 depicts a view of the pipe bundle; and

Figs. SAB depict section views showing the pipe scheme for a bottom-fed bearing
housing.

DETAILED DESCRIPTION OF THE INVENTION

In a first embodiment of the invention, a pre-fabricated bundle of pipes is staged in a
mold and the bearing housing (60) is cast around these pipes, thus providing smooth bore,
curved internal oil galleries without the need for the complicated, difficult, expensive
machining of the typical bearing housing oil delivery bores. This also means that pressure
drops due to acute changes in flow direction and sharp edges are kept to a minimum.

Pipes may be joined (typically cast or welded) together to form the “pipe bundle”.
The joints must be sufficiently robust so as to stay together through the casting process when
the molten cast iron is introduced into the mold so that the pieces are not dislodged from one
another; and the joint must be tight enough that the molten cast iron does not leak into the
inside of the pipe bundle.

The pipes may be made of any metal that does not melt through during the iron
casting process, and is preferably steel. The steel used in the pipe bundle should be low
carbon (<0.1%), which makes it sufficiently ductile and quite malleable, so it is easy to
manipulate into the pipe bundle architecture with gentle curves. Similar to the manner in
which chaplets are used in the cast iron casting process, the pipe bundle must be oxidation
free and may be coated with a thin layer of a foundry dressing, tin, or copper to ensure
maximum fusion with the incoming cast iron. Because the pipe bundle is full of air (since it is

fabricated simply of pipe, which has an outer casing but air in the middle) the bundle must be
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securely constrained in the cores for the bearing housing so that it does not float in the molten
iron into an undesirable position.

The melting point of grey iron is from 1150°C to 1200°C, and the melting point of
ductile cast iron 1s 1148°C. The melting point of low carbon steel is from 1371°C to 1410°C,
so low carbon steel makes a good fusion, or welded, joint when molten grey or ductile ron is
introduced around it. To produce good fusion, the melting point of the pipe bundle must be
greater than that of the incoming cast iron, so, by using low carbon steel for the pipes and cast
iron for the bearing housing base metal, these conditions are met.

In a first embodiment of the invention, as depicted in Figs. 1, 3A and 3B, pipes (74,
77) shaped to fluidly connect the turbine-end journal bearing (33) and the compressor-end
journal bearing (34) with the o1l inlet (71) are fabricated and joined together. A pipe shaped
to fluidly connect the thrust bearing (35) with the oil inlet (71) is also joined to the oil inlet.
In Fig. 4, a pipe bundle consisting of the aforementioned pipes is depicted as a single entity.
Each of the fluidly connecting pipes (71, 74, 77 and 78) has affixed to it a blanking and
positioning cap, respectively (101, 102, 103, 104). The function of the caps is to prevent any
molten cast iron from entering the pipe bundle and also to locate and constrain the pipe
bundle in the cores for the casting of the bearing housing. This assembly of pipes is
physically placed in the mold for a bearing housing, and molten cast iron is poured around
the pipe bundle, encapsulating it.

When the bearing housing is machined, the caps are machined off, leaving smooth-
bore oil galleries fluidly connecting the various bearings with the oil inlet.

In a variation to the first embodiment of the invention, as depicted in Figs.5A and 5B,
a bottom fed bearing housing has an oil pressure feed pipe (83) fluidly coupling the foot (70)
of the bottom of the bearing housing with a reservoir (82) near the top of the bearing housing.
The reservoir (82) is fluidly coupled to the turbine-end journal bearing (33), the compressor-
end journal bearing (34), and the thrust bearing (35). Fig. 5B is a section along plane “B-B”,
cutting the vertical pipe from the lower surface (70) of the bearing housing through a
reservoir (82). This section (“B-B”) is depicted in Fig. SA. The function of the reservoir is
to retain some oil when the engine is shut off and to provide space for the various pipes to
mtersect. The system of a bottom fed bearing housing need not have the reservoir (82), in
which case it could have the feeder pipe (83), from the bottom of the bearing housing, fluidly
couple directly into one of the other pipes (74,77,78) as long as the feeder pipe (83) is still
fluidly coupled to the three bearings (33, 34, 35).

4
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1. A method of manufacturing a turbocharger bearing housing, the method comprising:
preparing a pipe bundle (71, 74, 77, 78) including at least one pipe for defining at
least one oil gallery, and
casting the bearing housing (60) around the pipe bundle to form a bearing housing

with said pipe defining an oil gallery.

2. The method according to claim 1, wherein said oil gallery defined by said pipe is a

turbine-end journal bearing oil feed gallery.

3. The method according to claim 1, wherein said oil gallery defined by said pipe 1s a

compressor-end journal bearing oil feed gallery.

4. The method according to claim 1, wherein said oil gallery defined by said pipe is a

thrust bearing oil feed gallery.

5. The method according to claim 1, wherem said pipe bundle defines a turbine-end
journal bearing oil feed gallery, a compressor-end journal bearing oil feed gallery, and a

thrust bearing oil feed gallery.

6. The method according to claim 1, wherein said turbocharger bearing housing includes
bores for receiving compressor side and turbine side journal bearings and a foot adapted to
mating engagement with an engine mount, wherein said oil gallery defined by said pipe
extends from the foot to a connection point above the journal bearings bores, at which
connection point it is fluidly coupled to a turbine-end journal bearing oil feed gallery, a

compressor-end journal bearing oil feed gallery, and a thrust bearing oil feed gallery.

7. The method as in claim 6, wherein said connection point serves as an oil reservoir.

8. The method as in claim 6, further comprising a drain pipe for draining the bearing

housing through said foot.

9. The method according to claim 1, wherem at least one pipe of said pipe bundle

defines an air gallery or a water gallery.
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10.  The method according to claim 1, wherein at least one pipe of said pipe bundle

defines an air gallery or a water gallery.

1. A turbocharger bearing housing comprising:

a pipe bundle (71, 74, 77, 78) made of a first metal and including at least one pipe
defining at least one oil gallery, and

a bearing housing structure (60) comprised of a second metal cast around the pipe

bundle to form a bearing housing with cast-in oil pipes.

12. The turbocharger bearing housing according to claim 9, wherein said oil gallery

detined by said pipe is a turbine-end journal bearing oil feed gallery.

13. The turbocharger bearing housing according to claim 9, wherein said oil gallery

defined by said pipe is a compressor-end journal bearing oil feed gallery.

14.  The turbocharger bearing housing according to claim 9, wherein said oil gallery

defined by said pipe is a thrust bearing oil feed gallery

15.  The turbocharger bearing housing according to claim 9, wherein said pipe bundle
defines a turbine-end journal bearing oil feed gallery, a compressor-end journal bearing oil

feed gallery, and a thrust bearing oil feed gallery

16.  The turbocharger bearing housing according to claim 9, wherein said turbocharger
bearing housing includes a bore for receiving compressor side and turbine side journal
bearings and a foot adapted to mating engagement with an engine mount, wherein said ol
gallery defined by said pipe extends from the foot to a connection point above the journal
bearings bores, at which connection point it is fluidly coupled to a turbine-end journal
bearing oil feed gallery, a compressor-end journal bearing o1l feed gallery, and a thrust

bearing o1l feed gallery.

17. The method as in claim 9, wherein said connection point serves as an oil reservoir.
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18.  The method as in claim 9, further comprising a drain pipe for draining the bearing

housing through said foot.

19. The method according to claim 1, wherein at least one pipe of said pipe bundle

defines an air gallery.

20.  The method according to claim 1, wherein at least one pipe of said pipe bundle

defines a water gallery.
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Fig. 1 Prior Art
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