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DESCRIPTION

Exhaust gas valve device

The invention relates to an exhaust gas valve device.

Exhaust gas valve devices can be used e.g. for selective recirculating of

the exhaust gases of an internal combustion engine.

From the state of the art, for instance, exhaust gas valve devices are
known which are operative to selectively guide exhaust gases to an
exhaust gas cooler or to an air inlet of the internal combustion engine,
optionally with an intermediate exhaust gas return valve. The exhaust
gases may be redirected to bypass the exhaust gas cooler e.g. during
warm-up of the internal combustion engine. An exhaust gas valve device
for an internal combustion engine that is formed as butterfly flap is
known e.g. from JP 2009-156115 A. The butterfly flap known from this
document has the disadvantage that, e.g. in the position in which the
bypass duct is closed, the second vane of the butterfly flap will largely
project into the opened cooling duct and thus cause a high flow

resistance.

It is an object of the invention to provide an exhaust gas valve device for
selective recirculating of the exhaust gases of an internal combustion
engine wherein said exhaust gas valve device shall have a reduced flow

resistance and less leakage in its closed position.

According to the invention, the above object is achieved by the features

defined in claim 1.
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The exhaust gas valve device for selective recirculating of the exhaust
gases of an internal combustion engine as provided according to the
invention comprises an exhaust gas feed opening and first and second
exhaust gas discharge openings. Via the exhaust gas feed opening, the
exhaust gas valve device can be connected to an internal combustion
engine on the exhaust side. The first exhaust gas discharge opening can
be connected e.g. to an exhaust gas cooler while the second exhaust gas
discharge opening can be connected to the air inlet of an internal
combustion engine, optionally with interconnection of an exhaust gas

return valve.

For selective recirculating of the exhaust gases, the exhaust gas valve
device comprises an exhaust gas valve, formed as a butterfly flap, which
with the aid of a drive means can be pivoted about a pivot axis in such a
manner that, in the first flap position, the exhaust gas feed opening is
connected to the first exhaust gas discharge opening and, in the second
flap position, the exhaust gas feed opening is connected to the second
exhaust gas discharge opening. Preferably, said pivot axis is arranged
centrally relative to the two vanes of the butterfly flap. The two vanes of

the butterfly flap can have the same length.

According to the invention, the butterfly flap is of an ellipsoidal shape.

Further according to the invention, the butterfly flap in the area of its two
main apices along at least a part of its periphery comprises a respective

sealing edge.

Said sealing edges can have the largest width on the two main apices
and can become smaller, particularly in a continuous manner, starting
from the two main apices toward the two secondary apices at the pivot

axis of the butterfly flap. The sealing edges are preferably built
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monolithically with the butterfly flap, meaning that they are made of the

same material and are not a separate part.

According to the invention, in the area of the two secondary apices, the
ellipsoidal butterfly flap does not comprise a sealing edge because,
starting from its largest width at the two main apices, the sealing edge
has become narrower to such an extent that it has a width of O at the
two secondary apices and preferably in an area around the two

secondary apices.

By the ellipsoidal shape of the butterfly flap it is rendered possible to fully
close an exhaust gas conduit of e.g. circular-cylindrical cross section
while the butterfly flap does not need to be arranged at a right angle to
the flow direction of the exhaust gases (i.e. to the longitudinal direction
of the exhaust gas conduit). Instead, in the first and second flap position,
it is possible to arrange the butterfly flap obliquely in the circular-
cylindrical exhaust gas conduit and, at the same time, to achieve a good
sealing effect on the edges of the ellipsoidal butterfly flap which rest on
the inner wall of the exhaust gas conduit. It is preferred that, along its
entire periphery, the butterfly flap, when in its first and second flap
position (i.e. at its respective maximum angle) is in full abutment on the

inner wall of the exhaust gas conduit.

By the oblique arrangement of the butterfly flap in the exhaust gas
conduit in the first flap position and in the second flap position, there can
be achieved a particularly flow-effective redirection of the exhaust gases
of the internal combustion engine to the first and second exhaust gas
discharge opening. In this manner, it is possible to select the ellipsoidal
shape to the effect that the butterfly flap is arranged in such a manner
within the exhaust gas conduit that, in the first flap position, the exhaust

gases will already be guided by the butterfly flap in the direction of the
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first exhaust gas discharge opening. In the second flap position, in a
similar manner, the exhaust gases can be guided by the butterfly flap in

the direction of the second exhaust gas discharge opening.

For instance, in the first flap position, the butterfly flap can be arranged
at an angle of 30° to 60° relative to the longitudinal direction of the

exhaust gas conduit in which the butterfly flap is situated.

In the second flap position, the butterfly flap can be similarly arranged at
an angle of 30° to 60° relative to the longitudinal direction of the exhaust

gas conduit.

The first flap position is understood to be that position in which the
butterfly flap, by both of its main apices and preferably by the entire rest
of its periphery, is in abutment on the inner wall of the exhaust gas
conduit and, thus, the exhaust gas feed opening is exclusively connected
to the first exhaust gas discharge opening and is sealed toward the
second exhaust gas discharge opening. In correspondence thereto, also
in the second flap position, the butterfly flap is by both of its main apices
and preferably by the entire rest of its periphery in abutment on the
inner wall of the exhaust gas conduit so that the exhaust gas feed
opening is exclusively connected to the second exhaust gas discharge

opening and is sealed toward the first exhaust gas discharge opening.

According to a preferred embodiment, the sealing edges have a
substantially triangular cross section, wherein, in the area of the two
main apices, the distal tips of the triangular sealing edges comprise an
angle <X°, preferably <Y°, wherein, in the area of the two main apices,
the cross section of the triangular sealing edges comprises an angle
between 60° and 120°.
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Further, it is preferred that, starting from the two main apices, the
sealing edges extend in the peripheral direction of the butterfly flap
toward the two secondary apices at angle of at least 75° - 85° in each

direction.

Further, by the described contour of the sealing edge of the butterfly flap
of the invention, there can be achieved a reduced wear and a longer
operating life of the exhaust gas valve device. By the ellipsoidal design of
the butterfly flap, there can further be reached an improved sealing

effect, particularly in case of higher temperatures.

Further, it is preferred that the drive means is an electric motor. Thus,
the exhaust gas valve device of the invention is not actuated by a
vacuum drive, thus allowing for a higher safeguarding against failure. As
compared to a vacuum drive, the omission of a vacuum pump and further

components makes it possible to reduce costs.

Further, it is preferred to provide an angle sensor for determining the
opening angle of the butterfly flap. The information of this sensor can be
used e.g. for the on-board diagnostics of a vehicle, and for testing the

functionality of the exhaust gas valve device.

As an angle sensor for determining the opening angle of the butterfly
flap, use can be made e.g. of a triaxial Hall sensor which is programmed
in such a manner that, for instance, an overall movement of the butterfly
flap from the first flap position to the second flap position by 70° will lead
to a voltage difference of 3V (with Uref = 5V).

For fail-safe operation, a spring can be provided by which, in case of
failure of the drive means, the butterfly flap will always be held in the

first flap position.
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In order to achieve a precise control of the opening angle of the butterfly

flap, a closed control circuit can be used.

Further, the use of an electric motor makes it possible to achieve a faster
reaction in comparison with a pneumatic actuator. Also, it is possible to
provide a higher moment of rotation for movement of the butterfly flap in

both directions.

The invention further relates to a method for selectively recirculating of
the exhaust gases of an internal combustion engine by using the
inventive exhaust gas valve device. The method comprises the following

steps:

The butterfly flap is controlled to an intermediate position in which both
of the first and second exhaust gas discharge openings are connected to
the exhaust gas feed opening. The ratio between the amount of gas
flowing from the exhaust gas feed opening to the first exhaust gas
discharge opening and the amount of gas flowing from the exhaust gas
feed opening to the second exhaust gas discharge opening is controlled

by the position of the butterfly flap.

This method allows to recirculate some part of the exhaust gas through
the exhaust gas cooler, and the remaining exhaust gas to bypass the
exhaust gas cooler directly to the intake of the engine. This function can
be used, for example, in order to achieve intermediate exhaust gas

temperatures at the intake of the combustion engine.

Hereunder, preferred embodiments of the invention will be explained with

reference to the Figures.
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The following is illustrated:

Figures 1a and 1b show a cross-sectional view of an embodiment of the
exhaust gas valve device of the invention in the first and second flap

positions.

Figure 2a shows an embodiment of the butterfly flap of the invention in

plan view.

Figure 2b shows an embodiment of the butterfly flap of the invention in

cross-sectional view.

Figure 2c shows an enlarged view of the portion marked in Figure 2b.

Figures 2d - 2f show further details of the butterfly flap.

Figure 3 is a sectional view of an embodiment of the exhaust gas valve

device of the invention.

Illustrated in Figure la is an embodiment of the exhaust gas valve device
10 of the invention wherein the butterfly flap 18 is in the first flap
position. In this position, the exhaust gas feed opening 12 is exclusively
connected to the first exhaust gas discharge opening 14 and is sealed
toward the second exhaust gas discharge opening 16. For this purpose,
butterfly flap 18 is pivoted fully to the left about the pivot axis 22 and is
arranged at an angle of 35° relative to the longitudinal axis | of the
exhaust gas conduit 26. Preferably, pivot axis 22 is arranged centrally in

the exhaust gas conduit 26 which has a circular cross section.

In the first flap position, in the area of the second main apex S,, the edge

of the first vane 18a of butterfly flap 18 is in abutment on an area of the
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inner wall 28 of exhaust gas conduit 26 that is arranged above the first
exhaust gas discharge opening 14. At the same time, in the area of the
first main apex Si, the edge of the second vane 18b of butterfly flap 18 is
in abutment on an area of the inner wall 28 of exhaust gas conduit 26
that is arranged below the second exhaust gas discharge opening 16. In
these areas in which the butterfly flap is in abutment on the inner wall of
exhaust gas conduit 26, there is respectively arranged a sealing edge
24a, 24b by which a sealing effect toward the second exhaust gas

discharge opening 16 can be obtained.

In Figure 1b, the butterfly flap 18 is in the second flap position so that
the exhaust gas feed opening 12 is exclusively connected to the second
exhaust gas discharge opening 16 and is sealed toward the first exhaust
gas discharge opening 14. Also here, a sealing effect is provided by the
two sealing edges 24, 24b which are in abutment on the inner wall 28 of
exhaust gas conduit 26. By the preferably triangular design of the sealing
edges in cross section, a particularly good sealing effect can be
accomplished toward the inner wall 28 of exhaust gas conduit 26 because
the sealing edge is in abutment on inner wall 28 via a larger surface

area.

For achieving a lower flow resistance, it is preferred that the conduits
which respectively follow the exhaust gas discharge opening 14 and the
exhaust gas discharge opening 16, extend at an acute angle to the
longitudinal direction | of the exhaust gas conduit 26. Thus, it can be
accomplished that, in the first and respectively second flap position, the
exhaust gases do not need to be redirected fully, i.e. for instance by 90°,
but merely at an angle smaller than 90°. If the exhaust gas feed conduits
are e.g. arranged at an angle of 50° to the longitudinal direction I, the
exhaust gases have to be redirected only by 50° so that, in this manner,

an improved flow resistance can be achieved.
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Figure 2a shows an embodiment of the butterfly flap 18 of the invention
in plan view. In the Figure, it can be seen that the sealing edges 24a,
24b have their largest width at the first and second main apices Si, S>
and, starting from there, continuously decrease in width in the direction
of the secondary apices Ss, S4 and do not exist anymore at the secondary

apices.

In Figure 2b, the triangular cross-sectional shape of the sealing edges
24a, 24b can be seen. Thus, in the first and second flap position, a
particularly good sealing effect against the inner wall 28 of the exhaust

gas conduit 26 can be obtained.

In Figure 2c¢, the angle of the triangular cross section of the sealing edges
24a, 24b is shown. This angle can be in the range between 60° and 120°
and depends on the angle of the end position of the butterfly flap

compared to the inner wall 28 of the exhaust gas conduit 26.

Figures 2d, 2e and 2f show the construction of the sealing edge 24a, 24b
in more detail. As can be seen in figure 2d, in the area between the
secondary apex S3 and point A there is no sealing edge. This area
without sealing edge can extend for example over an angle of 15°.
Between point A and B there is a sealing zone in which the sealing edge
incrementally grows. However, in this sealing zone, the sealing edge does
not have a distal tip 25a, 25b which is shown for example in figure 2c.
The sealing zone in which the sealing edge has a distal tip extends from
point B to the main apex S1. Of course, the same features will be present
in the other three quarters of the butterfly flap which are not further

described in figure 2d.
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The area between the two points A is shown in more detail in Figure 2f

which shows part F of figure 2e.

By these features, it can be achieved that the sealing edge does not
obstruct the rotation of the butterfly flap in the area close to the

secondary apices S3 and S4.

Figure 3 shows an exemplary design of an embodiment of the exhaust
gas valve device 10 of the invention. The pivot axis 22 is driven by an
electric motor 20. For determining the opening angle of butterfly flap 18,
an angle sensor 30 in the form of a Hall sensor is provided. Between
electric motor 20 and pivot axis 22, a planetary gear 32 can be provided.
Above and below butterfly flap 18, the pivot axis 22 is supported in two
bearings 34a, 34b.

In a second function mode, the butterfly flap can be controlled to
intermediate positions between the first and second gas discharge
opening 14, 16. Thereby it is possible to selectively control the flow rate
ratio through each exhaust conduit. This allows to direct a part of the
exhaust gas through the exhaust gas cooler and the remaining exhaust
gas to bypass the exhaust gas cooler directly to the intake of the engine.
This function can be used in case intermediate exhaust gas temperatures

have to be achieved at the intake of the combustion engine.
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CLAIMS

5 1. An exhaust gas valve device (10) for selective recirculating of the
exhaust gases of an internal combustion engine, comprising
an exhaust gas feed opening (12),
a first and a second exhaust gas discharge opening (14, 16),
an exhaust gas valve formed as a butterfly flap, which with the aid
10 of a drive means (20) can be pivoted about a pivot axis (22)
between a first and a second flap position in such a manner that, in
the first flap position, the exhaust gas feed opening (12) is
connected to the first exhaust gas discharge opening (14) and, in
the second flap position, the exhaust gas feed opening (12) is

15 connected to the second exhaust gas discharge opening (16),

characterized in that

the butterfly flap (18) is of an ellipsoidal design,

20
the butterfly flap (18) in the area of its two main apices Sy, S>
comprises a respective sealing edge (24a, 24b) along a part of its

periphery,

25 whereby the sealing edges (24a, 24b) have the largest width on the
two main apices S;, S, and become continuously smaller starting
from the two main apices Si, S> toward the two secondary apices Ss,
S, at the pivot axis (22) of the butterfly flap.

30 2. The exhaust gas valve device (10) according to claim 1,

characterized in that
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the sealing edges (24a, 24b) have a substantially triangular cross
section and, in the area of the two main apices Si, S, the distal tip
of the triangular sealing edges comprises an angle, depending on the
maximum rotation of the butterfly flap (18) between the inner wall
(28) of the exhaust gas conduit (26).

The exhaust gas valve device (10) according to claim 2,
characterized in that

the angle of the triangular sealing edge has its minimum at the two
main apices Si, S; and is continuously increased starting from the
two main apices Si, S; towards the two secondary apices Ss, S4, SO
that at the two secondary apices Ss, S4, the butterfly flap (18) does

not comprise a sealing edge.

The exhaust gas valve device (10) according to claim 3,
characterized in that
the minimum angle of the triangular sealing edge at the two main

apices S4, S is between 60° and 120°.

The exhaust gas valve device (10) according to any one of claims 1
to 4,

characterized in that,

starting from the two main apices S; , S;, the sealing edges (24a,
24b) extend in the peripheral direction of the butterfly flap (18)
toward the two secondary apieces S3, S4 at an angle of at least 75°

- 85° in each direction.

The exhaust gas valve device (10) according to any one of claims 1
to4,
characterized in that

the drive means (20) is an electric motor.
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13

The exhaust gas valve device (10) according to any one of claims 1
to 6,

characterized by

a mechanical lever connection (36) between the pivot axis (22) of
the butterfly flap (18) and the planetary gear (32) of the electrical

actuator with a return spring (38) function.

The exhaust gas valve device (10) according to any one of claims 1
to7,

characterized by

an angle sensor for determining the angular position of the butterfly

flap (18) between the open and closed position.

The exhaust gas valve device (10) according to any one of claims 1
to 8,

characterized by

an integrated cooling circuit (40) inside the housing for thermal
management to protect the electrical actuator system (20, 30 and
32) from overheating as well as maintaining an acceptable
temperature range for the bearing system (34a and 34b) and

housing (42) of the exhaust gas valve device (10).

Method for selectively recirculating of exhaust gases of an internal
combustion engine by using an exhaust gas valve device (10)
according to any one of the claims 1 to 9,

characterized by the steps:

controlling the butterfly flap (18) to an intermediate position, such
that both the first and second exhaust gas discharge opening (14,
16) are connected to the exhaust gas feed opening (12), whereby

the ratio of exhaust gas flowing from the exhaust gas feed opening
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(12) to the first exhaust gas discharge opening (14) compared to the
gas flowing from the exhaust gas feed opening (12) to the second
exhaust gas discharge opening (16) is controlled by the position of
the butterfly flap (18).
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