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TORUS SHAPES FOR TORQUE
CONVERTERS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 60/791,865,
filed Apr. 13, 2006, which application is incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to a torque converter, in particular, a
torque converter with a torus shape that is sheared.

BACKGROUND OF THE INVENTION

Torque converters have been known since 1905 (DE 22 14
22 and DE 23 88 04). The inventor, Fottinger, installed a
pump and a turbine between two halves of a shell which were
joined together in a fluid-tight connection after assembly. In a
further refinement of the invention, a stator is also positioned.
In the pump, the turbine and the stator there are vanes that
extend essentially radially. Filling the housing with a fluid,
preferably oil, brings about a transfer of force and torque from
the pump to the turbine. The introduction of force into the
torque converter in a motor vehicle occurs by having the
housing of the converter attached to the crankshaft of a com-
bustion engine in a rotationally fixed connection. The output
takes place through the turbine, with the transmission input
shaft of the subsequent transmission being connected,
directly or indirectly, to the hub of the turbine in a rotationally
fixed connection.

Through the rotation of the housing, and hence of the
pump, the oil is thrown outward by the effect of centrifugal
force. The oil flows in an arc within the pump. In the radially
outer area of the pumyp the oil stream is diverted in the axial
direction and then flows into the turbine. The power that the
oil must deliver slows the oil flow, so that the flow cross
section in the turbine must expand increasingly in the direc-
tion of flow. Since the oil must be directed again to the inflow
area of the pump, the outer wall of the turbine is curved
toward the inflow area of the pump. Before the stream of oil
coming from the turbine can again reach the inflow openings
of the pump, the oil also flows through the stator. The stream
of oil undergoes another change of direction in the stator, so
that the flow against the pump vanes is optimized maximally.
The oil circulation can then begin again. As long as the cir-
culation is maintained, and as long as the turbine rotates at a
lower speed than the pump, torque can be transmitted. How-
ever, the closer the turbine speed approaches the pump speed,
the poorer the efficiency becomes.

The pump, the turbine and the stator together form the torus
of a torque converter. The corresponding flow is then a toroi-
dal flow. The concept is derived from mathematics, since the
rotating ring of oil at the same time rotates around the rota-
tional axis of the torque converter with its axis offset.

Since the invention of the torque converter, additional
important components have been invented and added to the
torque converter. The bridging clutch, for example, represents
an important improvement, since it can be actuated when
efficiency is low. As a result, the power flows, directly or
indirectly, into the transmission shaft. Another known
improvement provides for a torsion vibration damper, called
a damper for short, to be installed in the power path, so that
inconsistencies in the rotation of the crankshaft do not reach
the transmission input shaft.
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Also, many shapes for the torus have been invented in the
last hundred years, in order to improve the efficiency of the
torque converter. But in recent years a standard shape has
evolved for the motor vehicle, which has now been adapted
essentially only to the power requirement and to the possi-
bilities for installation in the transmission.

BRIEF SUMMARY OF THE INVENTION

The object of the invention was therefore to search for
possibilities which improve the efficiency of the torus.

In a first embodiment of the invention the torus shape varies
from the state of the art in such a manner that it undergoes
shearing. This shearing is to be understood in the context of
the theory of strength of materials, however, when shaping
the torus it is not shear stresses that are of significance, but the
deformation itself. For further clarification we here refer to
the description of the figures given below.

In another embodiment of the invention, lengthening the
outlet, or output, openings of the turbine in the direction of the
rotational axis of the torque converter while retaining the
dimensions of the flow-through openings of the stator results
inan improvement in the efficiency. This result is unexpected.
That is, according to the knowledge available in the art at the
time, there was no expectation that the improvement would
occur. This improvement occurs even if the inflow openings
of the pump are lengthened in the direction of the rotational
axis of the torque converter. The two measures can also be
combined. A simulation by means of a special program, com-
putational fluid dynamics (CFD), found an efficiency
improvement of 2 to 3 percent for the two combined mea-
sures.

Accordingto the state of the art, in the radially outer area of
the torus an outflow of the oil from the pump occurs that is
substantially parallel to the axis of rotation of the torque
converter. This is important so that an axial flow against the
turbine can again occur. Because the shell in which the vanes
of the turbine are located must be at a distance from the
housing of the torque converter so that no contact with the
housing occurs, and because the outer flow surface in the
pump is formed by the housing itself, a ring-shaped step must
be stamped into the housing at the transition from the pump to
the turbine, so that the outer diameter of the pump is at the
level of the outer diameter of the turbine. However as a result,
the outside diameter of the pump is always somewhat smaller
than the adjacent diameter of the converter. Since the fifth
power of the diameter of the pump enters into the formula for
the efficiency and the output of a torque converter, it is desir-
able to maximize the diameter of the pump. According to
another embodiment of the invention, a form of the housing,
and hence of the torus, is proposed without a step. The shape
of the housing is described in further detail below in connec-
tion with the description of the figures.

In another embodiment of the invention, the stator is
designed as a diffuser. This means that the cross section
between the vanes of the stator expands from the inflow
opening in the direction of the outflow opening. This causes
the oil to be retarded in the stator. Since the expansion cannot
be extensive, because otherwise adjacent intermediate spaces
(which are formed by the neighboring vanes) would have to,
be smaller, the expansion occurs in the radial direction. CFD
simulations have shown that the reduction of the static pres-
sure in the pump results in more power from the torque
converter. To achieve a reduction of the static pressure in the
pump, the flow of oil in the pump must be accelerated from
the inlet opening to the outlet opening, for example, making
the input opening of the pump larger than the output opening
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of the pump. In the state of the art these two openings are the
same. To prepare the flow of oil for the flow cross-section of
the pump before it enters the pump, the stator is designed as a
diffuser.

In a final embodiment of the invention, the torus is shaped
so that the toroidal flow is almost circular. This is achieved by
making the inside diameter of the stator, i.e., the diameter of
the stator hub, 0.5 to 0.7 times the outside diameter of the

pump.
BRIEF DESCRIPTION OF THE DRAWINGS

The nature and mode of operation of the present invention
will now be more fully described in the following detailed
description of the invention taken with the accompanying
drawing figures, in which:

FIG. 1 is a partial cross-sectional view of a torus according
to the state of the art;

FIG. 2 is a partial cross-sectional view of a present inven-
tion torus with outflow and inflow openings of the turbine or
pump lengthened in the direction of the axis of rotation in
comparison to FIG. 1;

FIG. 3 is a partial cross-sectional view of'a torus according
to the state of the art;

FIG. 4 is a partial cross-sectional view of a present inven-
tiontorus with enlarged pump diameter in comparison to FIG.
3;

FIG. 5 is a partial cross-sectional view of a torus according
to the state of the art;

FIG. 6 is a partial cross-sectional view of a present inven-
tion torus that is sheared on the turbine side in comparison to
FIG. 5;

FIG. 7 is a partial cross-sectional view of a present inven-
tion torus that is sheared on the pump side in comparison to
FIG. 5;

FIG. 8 is a partial cross-sectional view of a torus according
to the state of the art;

FIG. 9 is a partial cross-sectional view of a present inven-
tion torus with a diffuser stator in comparison to FIG. 8;

FIG. 10 is a partial cross-sectional view of a torus accord-
ing to the state of the art; and,

FIG. 11 is a partial cross-sectional view of a present inven-
tion torus with a nearly circular cross section.

DETAILED DESCRIPTION OF THE INVENTION

It should be explained in advance that reference labels
which are not mentioned in the descriptive portion are to be
taken from the list of reference labels. Equivalent reference
labels represent an equivalent element.

At the outset, it should be appreciated that like drawing
numbers on different drawing views identify identical, or
functionally similar, structural elements of the invention.
While the present invention is described with respect to what
is presently considered to be the preferred aspects, it is to be
understood that the invention as claimed is not limited to the
disclosed aspects.

Furthermore, it is understood that this invention is not
limited to the particular methodology, materials and modifi-
cations described and as such may, of course, vary. It is also
understood that the terminology used herein s for the purpose
of describing particular aspects only, and is not intended to
limit the scope of the present invention, which is limited only
by the appended claims.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
to one of ordinary skill in the art to which this invention
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belongs. Although any methods, devices or materials similar
or equivalent to those described herein can be used in the
practice or testing of the invention, the preferred methods,
devices, and materials are now described.

FIG. 2 is best seen in connection with FIG. 1, because the
differences with the prior art are well illustrated by comparing
FIGS. 1 and 2. The cross section through the torus shown in
the figures consists essentially of a pump 1, a turbine 2 and a
stator 3. The outer contour of the pump 1 is formed by the
housing 4. The torus rotates around an axis of rotation 5,
which is identical to the axis of rotation of the crankshaft of a
combustion engine. Through the cross-sectional depiction it
is also possible to simultaneously see the outlines of the vanes
positioned in pump 1, turbine 2 and stator 3. The vanes are
curved in space, but that cannot be recognized here due to the
two-dimensional depiction.

The vanes of turbine 2 are arranged in a shell of the turbine,
which simultaneously represents the outer contour of the
turbine vanes. The curved inner contours of pump 1 and of
turbine 2 are also covered according to the state of the art by
ashell, known as the inner ring. This configuration guides the
toroidal oil flow between the outer shells, the inner shells and
the vanes. In FIG. 1, the inner diameters 12, 13, 14 of turbine
2, stator 3 and pump 1, respectively, are all at the same level.

In FIG. 2, an embodiment according to the invention, the
radially inner ends of turbine outlet, or output, opening 8 and
of pump inflow opening 11 have been placed further inside
from diameter 12. However, stator 3 remains unchanged in its
dimensions of the inlet and outlet openings 9, 10. Although
the inner diameters 12', 13' of turbine 2 and pump 1 are
smaller than that of stator 3, the result, according to a CFD
simulation, is nevertheless an improvement in efficiency.

In another embodiment of a torus according to FIG. 4, the
outer diameter 21 of pump 1 as shown in FIG. 3, has been
enlarged to a greater diameter 21'. FIG. 3 shows the state of
the art for comparison. In FIG. 3, a step is located in the
housing 4 of the converter in a transition zone 20, and the
outer diameter of turbine 2 corresponds to that of pump 1. The
enlarged pump outer diameter 21' became possible because
opening 20 (for the outflow of the oil from pump 1 into turbine
2) is located at approximately an 11 o’clock position in com-
parison to the 12 o’clock position shown for opening 20 in
FIG. 3. However, since the fifth power of the pump diameter
enters as a positive figure into the formula for the efficiency
and the output, the larger pump diameter 21' represents a clear
improvement in output and efficiency. In patent specification
DE 22 14 22 FIG. 6, in patent specification U.S. Pat. No.
1,199,360 FIG. 8, and on page 265 of the monograph “Vehicle
Transmissions” from the year 1994 by the authors Lechner
and Naunheimer, respective toruses are shown with respec-
tive separation lines between pump output opening 6 and
turbine input opening 7 at about the 11 o’clock position.
However, an overall oval housing is indicated in these refer-
ences, so that oil exiting from pump 1 necessarily must flow
into the turbine. The above references also fail to specify the
nature of the housing. For example, these references do not
teach an enlarged pump outer diameter 21'.

FIGS. 6 and 7 show another embodiment of the invention,
with FIG. § showing the state of the art. The housings are
portrayed more realistically here than in the earlier figures,
but the indicated axial connecting technology in the radially
outer area is atypical for series products. The illustrated con-
necting technology is used in the experimental realm, to
enable installed parts of the converter to be exchanged faster
and more easily. In the case of series products, the left and
right housing shells are welded together at the circumference.
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To clarify the presentation, the converter bridging clutch and
torsion vibration damper components are intentionally not
shown in these figures.

According to one aspect of the invention, the torus is
sheared in each case in FIGS. 6 and 7. In FIG. 6 there is
shearing in the direction of turbine 2. In FIG. 7 the torus is
sheared in the direction of the pump. To prevent misunder-
standings, it should be emphasized that the examples in FIGS.
6 and 7 do not show a tilted torus. If the torus were tilted
instead of sheared, then for example the lowest point of FIG.
5 (state of the art) between turbine output opening 8 and stator
input opening 9 in FIG. 6 would be lower than the intersection
of the vertical dashed-dotted line and the center line C. In
FIG. 7 the vertical line is positioned in the center of the inner
stator outlet diameter 14. This is illustrated by the intervals a,
b, which are both the same size. If one imagines an infinite
number of assumed axial sections through the torus, and if
they are shifted with an increased effective radius 15, increas-
ing axially in the direction of the pump, a sheared torus
results. At the level of the pump outer diameter 21, the value
S represents the total magnitude of the shearing.

The shearing has the advantage that in F1G. 6 there is more
space in the radially inner area for installed parts—for
example for a torsion vibration damper—and at the same time
the total length of the converter becomes shorter compared to
the existing art. The maximum available axial construction
space is increasingly a problem for the designers. With the
shearing according to FIG. 7, space has been created in the
radially outer area. This construction space can be used spe-
cifically for a damper, since a damper effects a larger spring
deflection with increasing effective diameter.

From the state of the art (DE 10081340 T1 FIG. 14and U.S.
Pat. No. 4,129,000 FIG. 1), torus forms are known that look
similar to the present invention, but either no parallelism of
the pump output opening 6 to the turbine input opening 7 is
revealed there, or the parallelism does in fact exist but this
transition point is of radial form and not sheared.

If pump output opening 6 and turbine input opening 7 are
not parallel, efficiency is lost. The decisive advantage of this
inventive embodiment is that the torus form can be produced
through axial shaping processes. This is especially advanta-
geous in the case of the stator 3, which according to the state
ofthe art is produced by aluminum die casting, because costly
slide tools are made superfluious by the axial shaping
employed there.

FIG. 9 shows an additional invention, with FIG. 8 showing
the state of the art. In this embodiment of the invention stator
3 is provided with a diffuser effect; i.e., the oil is retarded as
it flows through. This is achieved by having the stator output
openings 10 designed longer than the stator input openings 9.
Since an expansion of the cross section between the vanes is
not permitted in the circumferential direction, and since then
the cross sections between the adjacent vanes would be
reduced, the cross section is expanded in the radial direction.
For that reason the input height 17 is smaller than the output
height 16. This design has the advantage that when the stator
3 is produced by means of die casting it is possible to use axial
deformation. The expansion can be accomplished either by,
having only the outer ring-shaped boundary surface 19 open
radially outwardly, or by having only the inner radial bound-
ary surface 18 open radially inwardly, or by having both
ring-shaped surfaces expand toward the pump. As already
explained earlier, the design of stator 3 as a diffuser also has
hydrokinetic benefits. In another embodiment of the diffuser,
the outer ring—which is provided on the inside with the outer
ring-shaped boundary surface 19—can be designed as a sepa-
ratering. This ring can then be pressed onto the outer diameter
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of the stator vanes by pressing. In additional embodiments
this ring can also be secured on the stator vanes by means of
a step, a groove, or by staking.

From the state of the art, for example, in patent specifica-
tion U.S. Pat. No. 2,737,827, a converter is known that also
has a diffuser-type stator. However, the converter depicted
there is a converter that has more than three torus sections. In
the claimed invention on the other hand, there are a maximum
of only the three torus sections, namely pump, turbine and
stator. In addition, in the state of the art the stator cannot be
produced by means of an axial deformation, because this
results in an undercut due to the curvature in the radially outer
area of the inflow end. It would not be possible then to pull a
core out to the right.

FIG. 11 shows an embodiment of the invention, with FIG.
10 showing the state of the art for direct comparison. The
shaded narrow areas in pump 1, turbine 2 and stator 3 come
about because the vanes are also drawn in here, and they are
also cut in part by the sectional plane. The horizontal lines are
intended for better comparison of the construction sizes. It is
conspicuous that stator 3 in FIG. 11 has been pushed into the
torus to a certain extent. The formerly oval torus of FIG. 10
has become an almost circular torus in FIG. 11. The inside
stator diameter 14 is shifted radially to the stator diameter 14'.
In the same way, the outer stator diameter 22 is shifted radi-
ally outward to the outer stator diameter 22'. The inner stator
passage diameter 14' is preferably 0.5 to 0.7 times the outer
diameter 21 of the pump.

Converter output data are typically depicted in a diagram of
“MP 2000(Nm)” over “speed ratio.” Here “MP 2000” is the
input torque of the pump in Newton meters at 2000 revolu-
tions per minute. The “speed ratio” is the ratio of the rota-
tional speed of the turbine to the rotational speed ofthe pump.
Since the rotational speed of the turbine without a converter
bridging clutch is always lower than the rotational speed of
the pump, with a disengaged converter bridging clutch this
value is also always less than 1. In such a diagram (not shown)
for the present invention of FIG. 11, the pump torques for
small speed ratios (<0.5) are lower than the values for the
existing art. This is especially beneficial when a combustion
engine is first to be disengaged in its lower speed range, i.e.,
is not yet to be loaded to the full extent by driving power. This
is especially important for diesel engines.

The present invention performs differently however at an
upper speed ratio (>0.5). Here the pump torques are greater
than those of the state of the art. This is also advantageous if
the efficiency worsens as the speed ratio approaches 1 (or 0.8,
the possible clutch point), but the turbine power can never-
theless be increased in this speed range by the invention. The
turbine power is the power that is ultimately forwarded to the
transmission.

Thus, it is seen that the objects of the present invention are
efficiently obtained, although modifications and changes to
the invention should be readily apparent to those having ordi-
nary skill in the art, which modifications are intended to be
within the spirit and scope of the invention as claimed. It also
is understood that the foregoing description is illustrative of
the present invention and should not be considered as limit-
ing. Therefore, other embodiments of the present invention
are possible without departing from the spirit and scope of the
present invention.

REFERENCE NUMBERS

1 pump
2 turbine
3 stator






