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EXHAUST-GAS TURBOCHARGER AND METHOD FOR PRODUCING A
FLOW HOUSING OF AN EXHAUST-GAS TURBOCHARGER

DESCRIPTION

The invention relates to an exhaust-gas turbocharger according to the preamble
of claim 1 and to a method for producing a flow housing of an exhaust-gas
turbocharger, as per claim 4.

The flow housings of an exhaust-gas turbocharger are the compressor housing
and the turbine housing. Said flow housings are normally produced as cast parts and
respectively comprise a compressor spiral and turbine spiral which surround the
compressor wheel and the turbine wheel respectively and end at a tongue.

In already-known exhaust-gas turbochargers, reworking of the internal flow-
guiding spiral surface of the compressor housing or turbine housing is performed by
turning only in exceptional cases, if the compressor wheel or the turbine wheel are
damaged, the aim of said reworking being to increase the distance between the tongue
and the wheel.

It is an object of the present invention to provide an exhaust-gas turbocharger
of the type specified in the preamble of claim 1, the efficiency of which can be
increased.

This object is achieved by the features of claim 1.

By virtue of the internal flow-guiding spiral surface of the compressor spiral
and/or of the turbine spiral being machined for example by milling, the original
tolerance range of the tongue spacing is reduced by approximately 80%. Here, by
contrast to reworking by turning, it is advantageously the case that no imperfections
are generated. The narrower (milling) tolerance range is in this case shifted into the
minus range of the original (casting position) tolerance range. The efficiency of the
exhaust-gas turbocharger is thus increased.

The dependent claims contain advantageous further developments of the
exhaust-gas turbocharger according to the invention.

Tests carried out within the context of the invention have shown that the
internal flow-guiding spiral surface has a coarse influence on the performance of the
turbine or of the compressor owing to its roughness generated by the casting process.
Here, it is in particular the final circumferential quarter of the compressor spiral and/or

of the turbine spiral that is of crucial significance. It is therefore preferable for said
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final circumferential quarter to be subjected to a material-removing machining process,
in particular a milling machining process, wherein it is basically also possible for the
compressor spiral and/or the turbine spiral to be subjected to such machining over its
entire length.

Said material-removing machining, in particular the milling machining, yields
the already-discussed increase in efficiency, and additionally a reduction in efficiency
variance, by providing an improved surface condition.

Further tests carried out within the context of the invention have shown that the
tongue spacing between the tongue and wheel of the turbine and/or of the compressor
has a decisive influence on the following:

a) the flow housing performance, the throughput and the efficiency; and

b) the HCF excitation of the turbine wheel and/or compressor wheel,
wherein a smaller spacing leads to a more intense excitation.

The tongue spacing is set according to the invention based on the compromise
between the two stated conditions a) and b). In practice however, said tongue spacing
is not fixed but rather varies owing to the casting position tolerances in the flow
housing. This means that:

In particular, the turbine performance and the HCF excitation of the turbine
wheel fluctuate with the tolerance range of the tongue spacing, and superposed with
the surface quality of the spiral (of the flow duct).

In particular, if the final circumferential quarter of the spiral is now milled, the
tolerance range is reduced by 80%, and the surface quality is much higher than without
milling machining. This yields the following advantages:

— The differences in efficiency of the individual series-produced flow
housings are reduced by 80% as regards influences arising from the tongue spacing. At
the same time, the series HCF performance is maintained.

- The average efficiency of the turbine and/or of the compressor in the
series-produced turbine and/or series-produced compressor can be increased:

. if, for example, a turbine housing lies in the middle/upper casting
tolerance range, this reduces the efficiency;

o if the milling tolerance is placed into the lower casting tolerance
range, this increases the exhaust-gas turbocharger efficiency in the series process,

without the original series HCF limit being undershot. That is to say, the increase in
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performance is greater the smaller the flow housing is.

- If the tongue is milled, the surface quality is simultancously also
increased, because significant imperfections can be milled away. The HCF strength is
thus increased significantly. However, if only the original series HCF strength is
required, it is possible according to the invention to correspondingly reduce the tongue
spacing. A reduction of the tongue spacing by for example 2.5% results in a 1%
increase in efficiency.

Claims 8 to 14 define a method according to the invention for producing a flow
housing of an exhaust-gas turbocharger. According thereto, the flow housing is firstly
cast, and material-removing machining, in particular milling machining, of the internal
flow-guiding spiral surfaces is subsequently performed.

In accordance with the results of the tests carried out according to the
invention, material-removing machining, in particular milling machining, is performed
in particular on the final circumferential quarter up to the end of the tongue of the
respective spiral of the flow housing.

It is preferably possible for a disk milling cutter to be used for carrying out the
milling process.

Furthermore, in relation to known flow housings, it is possible for the lateral
connection radii of the tongue to be enlarged and for the tongue to be formed with a
machining allowance.

The flow housing may either be in the form of a compressor housing or in the
form of a turbine housing. In the case of an exhaust-gas turbocharger according to the
invention, however, it is possible, as defined in claim 1, for milling machining to be
performed either only on the compressor housing or only on the turbine housing or on
both flow housings.

The method according to the invention can basically be implemented as
follows:

A) Emergency remedy in ongoing series production in the event of
individual blade damage (HCF performance): The previous approach of turning
machining of the tongue generates both an imperfection at the machining engagement
location and also a greater efficiency loss, because in the case of turning machining,
the tongue radius can only be kept constant. The efficiency loss will be noticeably

lower with the implementation of the method according to the invention, which
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provides milling machining, for example, than with the previously known turning.
Furthermore, in the case of milling, no imperfection is generated, which likewise has a
positive effect on efficiency.

B) Improvement in efficiency in new housing constructions: The spiral is
preferably structurally adapted such that, in its final quarter, its cross-sectional width is
less than or equal to the turbine wheel inlet width or diffuser outlet width, and in which
the cross-sectional depth decreases to approximately zero.

Further details, advantages and features of the present invention emerge from
the following description of exemplary embodiments with reference to the drawing, in
which:

Figure 1 shows a perspective sectional illustration of one possible
embodiment of an exhaust-gas turbocharger according to the invention;

Figure 2 shows one possible embodiment of a flow housing according to
the invention of the exhaust-gas turbocharger, said flow housing being a turbine
housing in the example illustrated;

Figure 3 shows a sectional illustration through an embodiment of a
turbine housing according to the invention;

Figure 4 shows a sectional illustration, corresponding to figure 3, of a
further embodiment of the turbine housing according to the invention; and

Figure 5 shows graphs illustrating tolerance ranges for the tongue spacing
without milling (casting) and with milling machining.

Figure 1 illustrates an exhaust-gas turbocharger 1 according to the invention
which has a turbine housing 2 and a compressor housing 3.

The turbine housing 2 has a turbine spiral 16 which is the flow duct which
surrounds a turbine wheel 5 which is arranged in the turbine housing 2.

Correspondingly, the compressor housing 3 has a compressor spiral 17 which is
the flow duct which surrounds a compressor wheel 7 of the compressor housing 3.

The turbine spiral 16 has an internal spiral surface 18, and the compressor
spiral 17 has an internal spiral surface 19, which according to the invention is
subjected, for example, to milling machining. As explained in the introduction, it is
possible according to the invention for either both spiral surfaces 18 and 19 or in each
case only one of said spiral surfaces 18 or 19 to be subjected to milling machining,

wherein a milled turbine-side internal flow-guiding spiral surface 18 is preferred.
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Figure 1 shows merely an exemplary embodiment of an exhaust-gas
turbocharger 1 which may be designed according to the invention. It is self-evident
that, in principle, any other conceivable embodiments of such exhaust-gas
turbochargers may conceivably be provided so as to be configured according to the
invention. Since the further elements of the exhaust-gas turbocharger 1 that are visible
in Figure 1, and which are denoted by the reference numerals 8 to 15, are not required
for the explanation of the principles of the present invention, said elements are merely
listed in the following list of reference numerals.

Figure 2 shows one conceivable embodiment of a turbine housing 2 as a
representative of a flow housing of an exhaust-gas turbocharger 1. Also with regard to
the embodiment of the turbine housing 2 shown in Figure 2, it is pointed out that this is
merely an exemplary embodiment, and any other design of a turbine housing 2 may
likewise have the features according to the invention. Furthermore, it is pointed out
that the features that are explained below and visible in Figure 2 also apply in principle
to the compressor housing 3 of the exhaust-gas turbocharger 1.

Figure 2 illustrates again that the turbine housing 2 has a turbine spiral 16 with
an internal flow-guiding spiral surface 18, which leads from a housing inlet 8 to the
end 21 of a tongue 22. According to the invention, said internal flow-guiding spiral
surface 18 is subjected, for example, to milling machining, wherein in particular the
final circumferential quarter 20 to the end 21 of the tongue 22 is subjected to milling
machining, because said final circumferential quarter 20 has a particularly crucial
influence on the increase in efficiency.

As is also shown in Figure 2, the tongue 22 may, in the region of the end 21 of
the tongue, comprise lateral connection radii R; and R, which are of enlarged form in
relation to standard housings. This yields a reduced risk of cracking.

Furthermore, it is possible according to the invention for a thickening 24 of the
tongue 22 to be provided in the final circumferential quarter 20 for the material-
removing machining, in particular in the case of new constructions.

The resulting tongue spacing Z is also plotted in Figure 2.

Finally, Figure 2 shows, by means of the arrow PF, that the path of the milling
axis is oriented to the profile of the tongue 22 and the A/R profile thereof.

Figure 3 shows a cross-sectional area, that can be realized for example by

means of milling machining, in the final circumferential quarter of 20 of the spiral 16
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and/or 17. The A/R profile over the circumference of the spiral continues to correspond
to the conventional construction and is controlled only by means of the engagement of
the milling cutter. The milling regions in the case of a new construction of said type are
indicated by the six points P.

Figure 4 shows a turbine housing with material removal regions P' in the case
of an emergency remedy as explained above.

Finally, figure 5 shows graphs illustrating tolerance ranges for the tongue
section without milling (casting) and with milling machining.

Here, the curve K1 shows the tolerance range with milling machining, wherein
the tongue spacing is reduced.

The curve K2 shows the tolerance range in the case of milling machining
without a reduced tongue spacing, and the curve K3 shows the tolerance range without
machining (for example in the case of the casting position tolerances in the case of
steel casting). It must also be pointed out that the term "HCF configuration" is to be
understood to mean a configuration which places the emphasis on a high one-time
load, that is to say does not focus on load alternation. The abbreviation "HCF" refers
here to "High Cycle Fatigue".

The expression "A/R profile" is to be understood to mean an area profile of a
spiral which is characterized as a dimensionless ratio of cross-sectional area at a certain
circumferential point and the associated centroid radius.

In addition to the above written description of the invention, reference is hereby
explicitly made, for additional disclosure thercof, to the diagrammatic illustration of

the invention in figures 1 to 5.
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Internal spiral surface of the compressor housing 3

Final circumferential quarter

End of the tongue

Tongue

PCT/US2014/013321

Region of the rectangular shape in the final circumferential quarter 20

Thickening



10

15

20

25

30

WO 2014/123720 PCT/US2014/013321

CLAIMS

1. An exhaust-gas turbocharger (1)

- having a turbine housing (2) which has a turbine spiral (16);

- having a compressor housing (3) which has a compressor spiral (17),

wherein

- at least a part of the internal flow-guiding spiral surface (18 or 19
respectively) of the turbine spiral (16) and/or of the compressor spiral (17) is machined

in a material-removing process.

2. The exhaust-gas turbocharger as claimed in claim 1, wherein the internal
flow-guiding spiral surface (18 or 19 respectively) is machined in a material-removing
process in the final circumferential quarter (20) of the turbine spiral (16) and/or of the
compressor spiral (17) in the tongue region (22), in particular at the end (21) of the

tongue.

3. The exhaust-gas turbocharger as claimed in claim 1, wherein at least a
part of the internal flow-guiding spiral surface (18 or 19 respectively) of the turbine

spiral (16) and/or of the compressor spiral (17) is machined by milling.

4. The exhaust-gas turbocharger as claimed in claim 3, wherein the internal
flow-guiding spiral surface (18 or 19 respectively) of the turbine spiral (16) and/or of
the compressor spiral (17) is machined by milling in the final circumferential quarter

(20) in the tongue region (22), in particular at the end (21) of the tongue.

5. The exhaust-gas turbocharger as claimed in claim 1, wherein at least a
part of the internal flow-guiding spiral surface (18 or 19 respectively) of the turbine

spiral (16) and/or of the compressor spiral (17) is machined by interpolation turning.

6. The exhaust-gas turbocharger as claimed in claim 5, wherein the internal
flow-guiding spiral surface (18 or 19 respectively) is machined by interpolation turning
in the final circumferential quarter (20) of the turbine spiral (16) and/or of the
compressor spiral (17) in the tongue region (22), in particular at the end (21) of the

tongue.
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7. The exhaust-gas turbocharger as claimed in claim 1, wherein the cross-
sectional width at at least a part of the internal flow-guiding spiral surface (18 or 19
respectively) of the turbine spiral (16) and/or of the compressor spiral (17) is enlarged

no further proceeding from the turbine wheel inlet or diffuser outlet respectively.

8. A method for producing a flow housing (2; 3) of an exhaust-gas
turbocharger (1), having the following method steps:

- casting the flow housing (2; 3); and

- machining at least a part of the internal flow-guiding spiral surface (18

or 19 respectively) of the flow housing (2; 3) in a material-removing process.

9. The method as claimed in claim 8, wherein the internal flow-guiding
spiral surface (18 or 19 respectively) is machined in a material-removing process in the
final circumferential quarter (20) of the turbine spiral (16) and/or of the compressor

spiral (17) in the tongue region (22), in particular at the end (21) of a tongue.

10. The method as claimed in either of claims & and 9, wherein the turbine
spiral (16) and/or the compressor spiral (17) are, in the final circumferential quarter
(20), designed such that the cross-sectional width is enlarged no further proceeding

from the turbine wheel inlet or diffuser outlet respectively.

11. The method as claimed in one of claims & to 10, wherein lateral
connection radii (Ry; Ry) of the tongue (22) are of enlarged form at the end (21) of the

tongue.

12.  The method as claimed in one of claims 8 to 11, wherein the tongue (22)

is at least partially thickened in the final circumferential quarter (20).

13.  The method as claimed in one of claims 8 to 10, wherein the milling

machining is performed by means of a disk milling cutter.

14. The method as claimed in one of claims 8 to 10, wherein the flow

housing is in the form of a turbine housing (2) and/or a compressor housing (3).

9
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