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Coupling device, valve system and method for assembling a coupling device or a valve

system

The invention relates to a coupling device for connecting a drive shaft of an actuator to
a driven shaft of an exhaust-gas valve. The invention also relates to a valve system
comprising an actuator with a drive shaft, an exhaust-gas valve with a driven shaft and
a coupling device. The invention further relates to a method for assembling a coupling

device and to a method for assembling a valve system.

Exhaust line valves are commonly provided with coupling devices to connect them with
the actuators for their manipulation. Although a driven shaft of an exhaust-gas valve
could in theory be directly coupled to the drive shaft of an actuator, such as an electric
motor, a coupling device is usually employed as an intermediary component connecting
the driven shaft and the drive shaft. The coupling device serves the general task of
compensating tolerances due to manufacturing error or thermal expansion. Manufac-
turing errors can cause a drive shaft of the valve actuator and the driven shaft of the
exhaust-gas valve to be misaligned in either one or several of an axial direction, a radial
direction and/or an angular orientation. Furthermore, because the valve member of the
exhaust-gas is subjected to temperatures of usually several 100°C whereas the valve
actuator requires an ambient temperature well below 100°C to work properly for ex-
tended periods of time, the driven shaft is subjected to significant thermal stress be-

cause of the temperature gradient.

Exhaust systems for increased performance characteristics oftentimes include exhaust-
gas valve to improve sound emission characteristics and engine power characteristics.
Most systems comprise only two settings in accordance with a closed or fully opened
valve flap position. In many cases, when the valve is closed, the sound volume is quieter

whereas an opened valve leads to an increased sound volume. Many car enthusiasts
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prefer louder sound volume. However, exhaust-gas valve systems are required to be
compliant with increasingly strict homologation rules. In order to optimize perfor-
mance while ensuring compliance, exhaust-gas valve systems are demanded that can be
controlled precisely to meet both the desired noise emission and engine performance

criteria.

US 10,060,360 B2 suggests the use of a coupling device comprising an elastic member
axially compressed between a driven member and a driven member, wherein the elastic
member urges the driven member into rotation by employing a torsional spring. The
driving member and the driven member are connected exclusively via the elastic mem-
ber that can expand and contract axially as well as in a circumferential direction. When
the torque is exerted from the driving member towards the driven member exceeding
the resistance of the elastic member, a driving tab of the driving member can engage
either a first or a second edge of the driven member directly. The driving member and
the respective driving shaft and driven shaft attached there too, respectively, are there-
fore rotatable relative to one another by the angular play between the driving tab and
the opposing end portions of the raised edges. This play prohibits a precise positioning
of the valve member or flap in a specific desired position during operation. Further-
more, whenever the direction of movement of the driving shaft is reversed, an unavoid-

able impingement sound is caused which can lead to a rattling noise.

In EP 2 180 167 B1, a coupling device is suggested that consists of an elastic spring di-
rectly coupling the drive shaft to the driven shaft. Especially under high thermal loads,
however, it has been shown to work unreliably, because the springs’ structural integrity
is compromised so that valve positioning can become unreliable. Overheating can even
cause the torsional spring to fail in case the admissible axial load is exceeded due to
thermal stress. Furthermore, as the proposed valve using a coupling device is designed
to bias the valve flap in its closed position against the valve seat, the valve flap can be-
come damaged when used repeatedly due to the biasing force acting in addition to the
closing force and in addition to thermal stress onto the circumference of the valve flap.

Especially in performance exhaust systems which experience rapid pulses of exhaust
gas exiting the cylinders of a performance combustion engine, the pulses impact the

valve member so that it starts to rattle due to the elasticity of spring connecting the
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drive shaft with the driven shaft or, in a worst case scenario, even resonate with the

exhaust gas pulses.

Another valve coupling device is proposed in DE 10 2019 120 959 A1. The coupling de-
vice is proposed as a bushing cooperating with a coil spring provided with rectilinear
sections at the opposing ends of the spring. The rectilinear spring sections engage cor-
responding recesses of the bushing allowing rotational and translation degrees of free-
dom of the spring relative to the bushing. DE 10 2019 120 959 A1 seeks to avoid rattling
noise when the direction of movement of the valve flap is changed by biasing the
spring, however, rattling noise nevertheless occurs when rapid changes in movement or
position are performed. The valve drive design of DE 10 2019 120 959 A1 is quite bulky
and too large for some exhaust system design configurations. Due to bulkiness, the
valve coupling device may cause valve drive to fail prematurely due to the large mass of
the valve coupling device and because during prolonged operation, too much heat is

transferred from the valve flap to the drive actuator.

It is an object of the invention to overcome the disadvantages of the prior art and par-
ticularly to provide a valve system and a coupling device therefore with improved relia-
bility particularly in regard to spatial requirement, resistance to thermal loads, im-

proved positioning, and decreased unwanted noise impact.

This object is solved by the subject matter of the independent claims.

Accordingly, a coupling device is provided for connecting a drive shaft of an actuator to
a driven shaft of an exhaust-gas valve. The actuator may in particular comprise an elec-
tric motor, such as a stepper motor, a servomotor, a brushed DC motor, an electrically
excited DC motor, a permanent magnet DC motor, a brushless DC motor, a switched
reluctance motor, a torque motor, a synchronous motor or the like. Preferably, the ac-
tuator is a server motor or stepper motor. The driven shaft of the actuator transfers
movement from the actuator towards driven components including an exhaust-gas
valve. The drive shaft is preferably coupled directly to an electromagnetic component of
the electric motor or coupled to an electromagnetic component of the motor via a re-

duction gear transmission.
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The exhaust-gas valve comprises a valve member, such as a flap, attached to a driven
shaft. The driven shaft is configured to receive a rotary motion and/or torque from the
drive shaft of the actuator to transfer a torque and/or rotary motion towards the valve
member. Preferably, the valve member, in particular the valve flap, and the driven shaft
are non-rotatably connected to one another; in other words, the driven shaft and the
valve member are connected in a torque-proof manner. For instance, the valve member
can be welded to the driven shaft, or the valve member and driven shaft may be forged
as a single-piece unit. The valve member of the exhaust-gas valve is in particular con-
figured to be movable within a preferably tubular section of an exhaust tract for selec-
tively opening or closing the section of the exhaust tract for the transmission of the ex-
haust-gas and/or sound. In particular, the exhaust-gas valve may comprise a tubular
section of an exhaust system in which a flap is arranged, wherein the flap is dimen-
sioned so that it can close the cube. The shape of the flap may correspond to the shape
of the interior cross section of the tubular section. The driven shaft is preferably ar-
ranged perpendicular to the orientation of the tubular section. The driven shaft may be
guided into the tubular section through an opening provided with a seal. The driven
shaft defines a shaft axis around which the valve member can be rotated. The drive
shaft defines a drive axis. In a preferred embodiment of a valve system, the drive axis
and the valve axis are coaxially aligned. Alternatively, the valve axis may be offset rela-
tive to the drive axis, in particular angularly offset and/or offset in the radial direction
relative to the drive axis. A valve axis offset both radially and angularly in relation to

the drive axis may be described as being skew in relation to the drive axis.

The valve member can be arranged within the tube section in a multitude of different
positions in which the valve member fully closes the inner cross-section of the cube
section or a position in which the obstruction caused by the valve member to exhaust-
gas flowing through the tubular section is minimized. The valve member may be orient-
ed within the tubular section in alignment with the middle-line of the tubular section so
as to minimize the flow resistance caused by the valve member, particularly the flap, to
the exhaust-gas. The valve member can be positioned in a multitude of different posi-
tions particularly between 0° relative to the middle line of the tube section and 90° rel-

ative to the middle line of the tube section. In the preferred embodiment, the position
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of the valve member relative to the tube section of the exhaust-gas valve may be con-

tinuously variable, particularly in a stepless manner.

The coupling device is provided to transfer motion and/or torque from the drive shaft
to the driven shaft. The coupling device itself defines a rotational axis. The coupling
device further comprises a coupling rod received in the slot for translational movement
of the rod relative to the retainer in the direction of the rotational axis. The coupling
rod may move in the slot parallel to the rotational axis. The coupling rod is received in
the slot in a play-free manner in a direction circumferential relative to the rotational
axis. Furthermore, the coupling device comprises an elastic element, in particular a
spring, biasing the coupling rod in the direction of the rotational axis and having an
attachment section fixed to the retainer. The elastic element may have a first end firmly
attached to the retainer at the attachment section of the elastic element. The attach-
ment section of the elastic element may be a terminal end of a spring. The fixed at-
tachment of the elastic element to the retainer may be provided for example by welding,
soldering, moulding, forging, gluing or the like. The coupling rod is biased by the elastic
element in the direction of its translational movability within the slot. Any displace-
ment of the coupling rod within the slot into a first, compression direction and/or sec-
ond, tension direction parallel to the rotational axis is counteracted by a biasing force of
the elastic element. The coupling rod may be a second terminal end of the elastic ele-
ment, such as spring. The rotational axis of the coupling device is the axis around which
its component rotates for transferring rotational movement from the drive shaft to the
driven shaft. The rotational axis of the coupling device is preferably oriented either co-
axially aligned with both the drive axis and the valve axis or angularly offset but radially
aligned (crossing) both the drive axis and the valve axis. The coupling device compen-
sates for any misalignment of the drive axis of the drive shaft in relation to the valve

axis of the driven shaft.

The coupling device according to the disclosure comprises a torsionally rigid retainer
having an axially extending slot. It shall be clear that the retainer provides sufficient
rigidity such that no deformation of the retainer is caused by the operation of the ex-
haust-gas valve. Any torque transferred from the drive shaft to the driven shaft via the

retainer causes virtually no deformation of the retainer. The maximum force of the ac-
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tuator drive exerted upon the torsionally rigid retainer causes less than 1%, in particu-
lar less than 0,5%, preferably less than 0,1% deformation to the retainer in relation to
its rotational axis. The retainer can be manufactured using one or several different

manufacturing methods including turning, milling and/or sheet metal bending.

The retainer and the coupling rod are non-rotatably connected. The coupling rod pref-
erably has no rotational play in the corresponding slot. Any translational movement of
the rigid member is performed identically by the connection rod and vice versa. The
coupling device according to the disclosure is configured such that any movement of
the coupling rod around the rotational axis is accompanied by an identical rotary
movement of the retainer around the rotational axis. Coupling rod and retainer rotate
around the rotational axis as one. In particular, when the coupling device is connected
to the exhaust-gas valve and the actuator, when the drive shaft causes the retainer to
rotate about the rotational axis, the coupling rod is caused to perform the same rotary
motion about the rotational axis as the retainer so that the coupling device may transfer
rotary motion to the driven shaft. In one preferred embodiment, the retainer is at-
tached to the drive shaft and the coupling rod is attachable to the driven shaft. Alterna-
tively, the retainer is attachable, to the driven shaft and the coupling rod is attachable
to the drive shaft. In case of misalignment of the drive shaft in relation to the driven
shaft, a coupling device may preferably be configured to act as a cardan joint for con-

necting the drive shaft to the driven shaft.

A non-rotatable connection of the coupling rod to the retainer allows for directly trans-
ferring any change in rotary motion or position from the drive shaft to the driven shaft
even in case of rapid change of direction thus allowing for rapid and precise positioning
of the valve while avoiding any rattling noise. Separation into coupling rod and retainer
also allows the coupling device to thermally decouple the hot exhaust-gas valve from

the cool actuator while tolerating thermal expansion of the driven shaft.

Preferably the elastic element is compressible in the axial direction. Alternatively or
additionally, the elastic element is stretchable in the axial direction. The elastic element
may include a particularly rod-like attachment section at its first axial end and the cou-

pling rod at its second axial end.
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In particular, the coupling device may consist of the elastic element, the coupling rod
and the retainer. A rod-shaped attachment section or attachment rod may be oriented
at an angle, preferably perpendicular in relation to the coupling rod. In relation to the
rotational axis of the coupling device, the coupling rod may be oriented in a first cross-
wise direction and the attachment rod may be oriented in a second crosswise direction.
By arranging the attachment rod and the coupling rod at an angle relative to one anoth-

er, a cardanic function of the coupling device may be enabled.

In an embodiment of the coupling device, the slot has edges opposite one another, in
particular opposite one another in a circumferential direction relative to the rotational
axis of the coupling device, and extending in parallel to the rotational axis of the cou-
pling device for guiding the coupling rod translationally and for transferring torque
from the coupling rod to the retainer. The edges of the slot are configured for transfer-
ring torque from the retainer to the coupling rod as well. It is preferred that the oppo-
site parallel edges of the slot are distanced apart from another by a distance that essen-
tially corresponds to the exterior width diameter, preferably of the coupling rod. By
providing the slot with guiding edges opposite one another about a distance apart from
another in accordance with the width or diameter of the coupling rod, the position of
the valve member may be controlled precisely by the actuator. The actuator may not
only reach an opened and/or closed end position of the valve but also in any intermedia
reposition of the valve member. The edges of the slot may act as a sliding bearing guid-

ing the coupling rod.

The width of the edges may be as broad as the width or diameter of the coupling rod or
larger. Preferably, the width of the edges is at least 0.2 times as large as, in particular at
least 0.5 times as large as, preferably at least 0.8 times as large as the width of the cou-
pling rod. Alternatively or additionally, the width of the edges is no more than 5 times
as large as, in particular no more than 2 times as large as, preferably no more than 1.5

times as large as the width of the coupling rod.

According to one embodiment of a coupling device, the elastic element attached to the

retainer is free of torque and/or free of axial bias. The retainer and the elastic element
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are preferably adapted to each other such that they do not exert any torque, compres-
sion or tensile force onto one another in a resting state of the coupling element. In par-
ticular, the coupling rod is received within the slot and/or the attachment section is
fixed to the retainer such that no torque and/or no axial force from the elastic element
is entered into the retainer in a resting state of the coupling device. The resting state
may in particular refer to a state in which the fully assembled coupling device is not
attached to a driving shaft and/or not attached to a driven shaft of a valve assembly.
The retainer and the elastic element may be form-fit to on another so that no torque,
compression or tension bias is caused by the coupling device assembly. Alternatively,
the retainer and the elastic element may be adapted to one another to exert a biasing
force, such as a tensile force or a compression force, in the axial direction into one an-

other but no torque.

In an embodiment of the coupling device, the elastic member comprises, particularly
consists of, a coil spring, in particular a conical coil spring preferably having a narrow
end fixed to the coupling rod and/or a wide end fixed to the attachment section, prefer-
ably the attachment rod. A retainer and a particularly conical coil spring can be coupled
to each other in a space-saving manner. The shape of the coil spring may be preferred
by a first particularly outer diameter at a first axial end of the coil spring, a second par-
ticularly inner diameter at a second axial end of the coil spring opposite to the first end,
an axial extension of the coil spring, and a width, in particular a thread thickness, of the
coil spring. In particular, the constant and/or maximum outer diameter of the coil
spring is at least 20 mm, at least 25 mm or at least 3omm. Additionally or alternatively,
the constant and/or maximum outer diameter of the coil spring is at most 60 mm, at
most 50 mm or at most 40 mm. In one embodiment, the constant and/or maximum
outer diameter of the coil spring may be 36 mm + 1 mm. The width of the spring, in
particular a thread thickness, of the coil spring may particularly be constant. The width
of the spring is particularly at least 1 mm, at least 1.5 mm or at least 2 mm. The width of
the spring is particularly at most 3.5 mm, at most 3 mm or at most 2.5 mm. In particu-
lar, the width of the spring may be 2.5 mm +0,1 mm. A cylindrical coil spring may be
configured with an axial height of at most 30 mm, particularly at most 25 mm or at
most 15 mm. A cylindrical coil spring may be configured with an axial height of at least

7.5 mm, particularly at least 10 mm or at least 12 mm. The cylindrical coil spring ma
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have a pitch of at least 1.5 and/or at most 5, in particular 2-4. Advantageously, coil
springs have relatively small second moment of area when moved around their rota-
tional axis and may act as a thermal insulation in their axial direction to thermally sep-
arate the actuator from the exhaust-gas valve. Coil springs are also advantageous in
that they can be designed to have little unbalance around the rotational axis. Prefera-
bly, the coil spring circumferentially surrounds the retainer in relation to the rotational

axis of the coupling device.

In a preferred further development, the coil spring may be a conical coil spring having
narrow end fixed to the attachment section, particularly the attachment rod, and a wide
end fixed to the coupling rod. A conical coil spring is defined having a conical shape
wherein one first end of the coil spring is wider than the second end of the coil spring.
The maximum outer diameter of a conical coil spring may particularly correspond to
the above-mentioned dimensions of a generic coil spring. The minimum inner diameter
of a conical coil spring may particularly be arranged at the opposite axial end in regard
to the springs end realizing the maximum outer diameter. The minimum inner diame-
ter of a conical coil spring is smaller than the maximum outer diameter minus the
spring width. In particular, the minimum inner diameter of a conical coil spring is at
least 10 mm, or at least 15 mm. Alternatively or additionally, the minimum inner diam-
eter of a conical coil spring is no more than 30 mm, no more than 25 mm or no more
than 20 mm. In particular, the minimum inner diameter of the conical coils spring is
approximately 16 mm +1 mm. A conical coil spring may be configured with an axial
height of at most 30 mm, particularly at most 25 mm or at most 22.5 mm. A conical coil
spring may be configured with an axial height of at least 10 mm, particularly at least 15
mm or at least 20 mm. The conical coil spring ma have a pitch of at least 2 and/or at

most 10, in particular 4-6.

In a further development of the coupling device that may be combined with the afore-
mentioned embodiments, the elastic element, particularly a coil spring and the cou-
pling rod, are formed in a one-piece manner, in particular as a thread, preferably of a
constant diameter. The coupling rod and the remaining elastic element, in particular
coil spring, can have a constant thread diameter along the entire extension of the

thread. A coupling device having an elastic element comprising an attachment rod as its
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attachment end may have the same, constant thread diameter of the coupling rod also
at the attachment rod. It may be preferred that the elastic element including the at-
tachment rod and the coupling rod is formed a one-piece manner. In particular, the
thread section forming the rectilinear coupling rod and the thread section forming the
rectilinear attachment rod are arranged across one another, particularly at an angle of
90°. A coupling rod and the attachment rod may alternatively be arranged in parallel to
one another. Preferably, the angle between the coupling rod and the attachment rod is
smaller than 60°, particularly smaller than 30°, most preferably smaller than 10°. Such
a coupling device may particularly consist of the coil spring including the coupling rod

and the rigid retainer.

In accordance with an embodiment of the coupling device that may be combined with
previous embodiments, the retainer comprises, particularly consists of, a sheet metal
part having a central section and two folds bend towards a first direction relative to the
central section, preferably a first direction parallel to the axis of rotation, wherein two
folds form the slot for holding the coupling rod. Using singular sheet metal part for
providing the retainer of the coupling device has been shown to provide the most tor-
sional rigidly at the least weight. The central element of the sheet metal retainer may be
flat and cross the rotational axis of the coupling device. The fold or folds of the retainer
may preferably extend in parallel to the axis of rotation and diametrically opposite one
another in a radial direction relative to the rotational axis. The axially extending slots
may thus be formed in the axially extending flaps. The coupling device may be provided
with void spaces in the circumferential direction between the flaps so as to avoid un-
necessary weight and to improve thermal insulation. The flaps extending from the cen-
tral part of the rigid retainer may act as pairs of guiding posts surrounding respective
slots in which the connection rod is guided. The flaps forming the edges of a slot may
act as guide rails for the sled like coupling rod arranged therebetween. It is preferred
that the retainer has two diametrically opposite slots for receiving one coupling rod,
wherein the slots are arranged diametrically opposite of one another in relation to the
rotational axis so that no unbalance is caused rotating the coupling rod around the ro-
tational axis. In such an embodiment, the flaps of the retainer may be positioned dia-
metrically opposite one another in relation to the rotational axis to avoid unbalance,

too. Preferably, the retainer has two opposing folds each including one respective slot

10
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for receiving the same coupling rod. The retainer may comprise one or more void spac-
es arranged along the retainer’s circumference next to one or more folds. A void space
between circumferentially adjacent folds may be have a circumferential extension at
least as long or larger than one respective adjacent fold. Preferably, at least 50%, at
least 60 % or at least 75 % of the circumferential extension of the retainer in a plane
perpendicular to the rotational axis A is realized by one or more void spaces between

adjacent folds.

In a further embodiment of a coupling device the retainer comprises, preferably con-
sists of, a sheet metal part having a central section and two seams bent towards a sec-
ond direction, preferably a second direction parallel to the axial direction, relative to
the central section, wherein the seams form at least one recess for holding the attach-
ment section. It may be preferred that the retainer has a central section from which two
folds extend into a first direction and from which two seams extend towards a second
direction different from the first direction, preferably opposite to the first direction.
The central section can be designated as saddle section. The first direction may for ease
of reference be called “downwards”, whereas the second direction can be designated as
“upwards”. It shall be clear, that a coupling device having seams does not require in all
cases any protrusions on the upper side first side or of the central section such as folds.
In case of an attachment rod forming the attachment section, the recess may be de-
signed to hold the attachment rod. The attachment section is preferably firmly fixed to
the seams of the retainer, for example by welding, moulding or gluing. The recess may
be a U-shaped opening, extending opposite-wise in relation to the slots of the retainer.
Alternatively, at least one or all recesses of the retainer may form a closed circular (O-
shaped) opening open only in one direction crosswise relative to the rotational axis so
that any relative movement of the attachment section, preferably the attachment rod, in
a direction in parallel to the rotation axis or circumferentially relative to the rotational
axis is prohibited by the form-fitting engagement of the at least one recess and the at-
tachment section. The retainer may comprise one or more void spaces arranged along
the retainer’s circumference next to one or more seams. A void space between circum-
ferentially adjacent seams may be have a circumferential extension at least as long or

larger than one respective adjacent seam. Preferably, at least 50%, at least 60 % or at

11
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least 75 % of the circumferential extension of the retainer in a plane perpendicular to

the rotational axis A is realized by one or more void spaces between adjacent seams.

In accordance with an alternative embodiment of a coupling device devoid of seams,
which may be compatible with one of the previously mentioned embodiments, the re-
tainer has a central plate section between the folds wherein the central plate section is
connected directly to the attachment section. Providing a central plate section to the
retainer which preferably crosses the rotational axis, allows for the attachment section,
in particular the attachment rod, to be attached to the central plate section on the rota-
tional axis or in close proximity thereto, for example by welding, moulding or gluing.
The central plate section of the retainer may be provided with a preferably rectilinear
attachment bridge that can be arranged in accordance with the attachment section,
particularly the attachment rod, to allow, for a mutual engagement of the attachment
section and the attachment bridge to a corresponding engagement portion of the drive

shaft or driven shatft.

In an alternative embodiment, the retainer may comprise or consist of a hollow cylin-
drical body in particular a cylindrical body having a constant diameter or a cylindrical
body having a stage diameter comprising at least a middle section including a recess
and a wide section including the slot. A hollow cylindrical body may be easy to manu-
facture from a tubular body and can provide a high amount of torsional rigidity with
relatively little wall thickness while, at the same time having only a small second mo-
ment of area. The hollow cylindrical body may be of circular cylindrical shape. Alterna-
tively, the hollow cylindrical body may have at least two staged sections, one having a
narrow diameter and one having a wide diameter, in relation to one another, wherein
the narrow section includes the at least one recess for holding the attachment section of
the elastic element and wherein the wide section includes the slot for receiving the cou-
pling rod. In particular, in combination with an elastic element formed as a conical coil
spring, a retainer having a staged cylindrical body allows to minimize the required
space of the coupling element. A staged cylindrical body can have one or more interme-
diary stages between the narrow diameter section and the wide diameter section. The
wall strength of the hollow cylindrical body is preferably constant in all stages. A staged

hollow cylindrical body may have a conical shape tapering from the narrow section to
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the wide section. A hollow cylindrical body can be sleeve-shaped with two opposite
open ends and a through bare there between, or it may be cup- or can-shaped with sec-
tions closing either end or both ends. The retainer may comprise one or more void
spaces arranged along the retainer’s circumference in the cylindrical body. A void space
between circumferentially adjacent recesses and /or slots may be have a circumferen-
tial extension at least as long or larger than one, two or more adjacent cylindrical body
sections. Preferably, at least 50%, at least 60 % or at least 75 % of the circumferential
extension of the retainer in a plane perpendicular to the rotational axis A is realized by

one or more void spaces between adjacent cylindrical body sections.

In particular, the wall thickness of a sheet metal retainer and/or of a retainer having a
cylindrical body is at least 0.5 mm, at least 0.75 mm or at least 1 mm. The wall thick-
ness of the retainer is particularly at most 3 mm, at most 2.5 mm or at most 2 mm. In

particular, the wall thickness may be 1.5 mm +0,1 mm.

In a particular embodiment of a coupling device, the retainer includes at least one void
space or more void spaces extending along the direction of the rotational axis. In par-
ticular, one or more void spaces may extend between cylindrical body sections of the
hollow cylindrical body. Alternatively, one or more void spaces may extend between
adjacent folds and/or seams. Preferably, a void space between circumferentially adja-
cent folds, seams or body sections may be have a circumferential extension at least as
long or larger than one respective adjacent fold, seam or body section. A void space
serves as a cooling element and/or to decrease the thermal mass of the retainer so as to

improve thermal insulation between the coupling rod and the attachment section.

Another aspect of the invention relates to a valve system comprising an actuator with a
drive shaft, an exhaust-gas valve with a driven shaft and a coupling device connecting
the driven shaft to the drive shaft with axial clearance. The coupling device may in par-
ticular be configured as described above. The coupling device may provide axial clear-
ance, radial clearance and/or angular clearance, but no rotational clearance due to the
connection between the driven shaft and the drive shaft, thus transferring any rotary
motion of the drive shaft around the drive axis into a corresponding rotational move-

ment of the driven shaft around the valve axis. Preferably, the magnitude of the rota-
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tional movement of the drive shaft is transferred into a corresponding, preferably equal
rotational movement of the driven shaft. The coupling member may act as a cardan
joint between the driven shaft and the drive shaft, thus transferring rotational move-
ment of the drive shaft into rotational movement of the driven shaft around the valve
axis in accordance with a predetermined motion function known to the person skilled
in the art. The coupling device provides a torque-proof or rotationally rigid joint be-
tween the drive shaft of the actuator and the driven shaft of the exhaust-gas valve,
thereby allowing a precise positioning of the exhaust-gas valve member by the actuator

and avoids rattling noise.

In a further development of the valve system, the attachment section of the elastic ele-
ment and/or the section of the retainer fixed to the attachment section is connected
with the drive shaft. In an embodiment in which the retainer comprises a central plate
section including an attachment bridge, both the attachment bridge and the attachment
section can be engaged by an engagement portion of the drive shaft, so as to transfer
rotary motion from the drive shaft directly to the attachment bridge and attachment
section for joint movement of the retainer and the elastic element free of rotational play
therebetween. By connecting the attachment section of the elastic element or at least a
correspondence section of the retainer directly coupled thereto to the drive shaft, the

rotary motion of the drive shaft can be directly transferred to the coupling device.

In a further development of the valve system, that can be combined with the previously
mentioned one, the system comprises an adapter for form-fittingly engaging the drive
shaft or driven shaft, in particular an engagement portion of the drive shaft or of the
driven shaft, wherein the adapter surrounds the attachment section of the elastic ele-
ment. The adapter may fully circumferentially or partially circumferentially surround
the attachment section, preferably an attachment rod. The adapter may be an annular
sleeve or U-shaped bushing for providing a form-fitting engagement to both the at-
tachment section and the drive shaft or driven shaft. As the actuator may be a mass-
produced electric motor, the engagement section of the drive shaft may be formed cor-
responding to electromotor manufacturer standards wherein different actuators from
different manufacturers may have different dimensions. A correspondingly shaped

adapter may aid to adapt the size of the attachment section, particularly the attachment
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rod, which may be defined by the thread diameter of a spring coil to a corresponding
reception on the drive shaft. By providing an adapter between the attachment section
and the engagement section of the drive shaft or driven shaft, a true torque transfer,
free of play, may be provided in a simple manner. Alternatively or additionally, a cou-
pling adapter may be provided to the coupling rod and a corresponding engagement

section of the driven shaft or driving shaft.

According to one embodiment of the valve system, the drive shaft and/or the driven
shaft realizes one single or two respective contact lines with the corresponding en-
gagement portion of the coupling device, in particular the coupling rod, the attachment
section or the section of the retainer fixed to the attachment section. The drive shaft or
the driven shaft may particularly realize one single contact line with the corresponding
portion of the coupling device, particularly a preferably thread-shaped rod section of
the coupling rod or the attachment section. In one preferred embodiment, the upper
contact with the drive shaft is realized by one single contact line preferably with the
attachment section and the lower contact with the driven shaft is realized by one single
contact line with the coupling rod. Alternatively or additionally, the drive shaft or the
driven shaft may particularly realize two radially opposite contact lines with the section
of the retainer fixed to the attachment section. Preferably, the upper contact of the cou-

pling device with the drive shaft is realized by two contact lines.

According to one embodiment of the valve system torque is transferred from the drive
shaft to the driven shaft through the rigid retainer. Preferably, torque is exclusively
transferred from the drive shaft to the driven shaft through the rigid retainer. In partic-
ular, even in case of torque transfer from the drive shaft to the driven shaft, the elastic
element remains free from torque due to the torque transmission through the rigid re-
tainer. In particular, a helical section of a coil spring may be free from torque. For ex-
ample, torque received at the coupling rod or the attachment section is transferred into
the retainer and through the retainer to the other one of attachment section or coupling
rod, thereby relieving the elastic element from experiencing torque. The elastic element
may in particular be tensioned in the direction of the rotational axis when attached to

the shafts alongside the torque transmitting rigid retainer. Alternatively, in the mount-
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ed state of the valve system, the elastic element may remain free of tension, in particu-

lar free of compression bias and/or ductile bias.

The invention also relates to a method for assembling a coupling device such as the

coupling device described above. The assembly method comprises steps

(a) providing retainer, comprising a slot and a recess;

(b)  providing a coil spring comprising a coupling rod and an attachment section;

(© fitting the coupling rod into the slot of the retainer; and

(d) fitting the attachment section into the recess of the retainer.

Unlike prior art assembly methods which are quite complicated in the burdensome, the
design of the above mentioned coupling device allows for a particularly simple and fast
attachment of the coupling device. It is advantageous that the assembly according to
the above mentioned method can alternatively include the performance step (c) before
step (d) or the performance of step (d) before step (c). The assembly method can be
performed by fitting the coupling rod into the slot of the retainer first and thereafter
fitting the attachment section into the recess of the retainer. Alternatively, the assem-
bling method can be performed by fitting the attachment section into the recess of the
retainer first and thereafter fitting the coupling rod into the slot of the retainer. It may
be advantageous to first fit and possibly secure either the coupling rod or the attach-
ment section of the coil spring to the slot or recess of the retainer so that the possibility
of the coil spring to move in relation to the retainer is limited that the coil spring and
the retainer become easier to manipulate in relation to each other, for example in order
to exert a tensioning force onto the spring to elongate the spring or to compress the
spring, thereby making it easier to fit the other part, i. e. the attachment section or cou-

pling rod, into the respective receptacle, the recess or slot, or the retainer.

In one embodiment, the retainer is rotated within the coil spring between step (¢) and

step (d). It shall be clear that the rotation of the retainer within the coil can occur either
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after step (c) and before step (d) or after step (d) and before step (c). Preferably, the
retainer may be rotated from a first axial alignment within the coil spring to a second
axial alignment within the coil spring. An axial alignment of the coil spring and the re-
tainer occurs for example when the rotary axis of the retainer and a symmetry axis of
the coil spring align, preferably coaxially. By providing the retainer within the coil
spring the overall second momentum of area of the coupling device is reduced by bring-
ing the relatively solid massive retainer closer to the axis of rotation of the coupling
device. At the same time, arranging the coil spring outside of the retainer surrounding
the retainer allows for more flexibility of the coil spring for elongation in the axial di-
rection as well as for contracting in the radial direction or, for example in case of a
cone-shaped coil spring, as subsequent windings of the coil spring can be received radi-
ally within one another in a spiral-shaped manner to allow the coil spring for larger
range of elastic deformation in the axial direction in relation to the overall size of the
coupling device. The provision of the retainer within the coil spring allows the coupling

device to be made in a generally, light weight and compact design.

According to a further development of an assembly method, the retainer is moved
translationally along its axis along the attachment section or along the coupling rod at
least once before, during and/or after the rotation. The assembling method may make
use of the circumstance that the slot receiving the coupling rod and/or the recess re-
ceiving the attachment section may be provided with an opening which extends longi-
tudinally in the axial direction of the retainer. The coupling rod and slot may experi-
ence a translational relative motion relative to one another in the axial direction of the
retainer. Alternatively or additionally, during the assembly process, the attachment
section and the recess max experience a translational movement relative to one another
along the axis of the retainer. The relative movement in the axial direction of the re-
tainer may occur completely or in part during the rotation of the retainer within the coil
spring, before the beginning of the rotation or after the completion of the rotation. It
may be preferred that a translationally rotational movement of the retainer in relation
to the coil spring occurs wherein the translational movement along the axis of the re-
tainer and the rotational movement preferably within the coil spring preferably around
the attachment section or around the coupling rod are performed simultaneously. In

particular, the coil spring may be extended during the rotation, preferably for the entire
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duration of the rotation or during a portion of the time which it takes for the retainer to
be rotated within the coil spring. By allowing the retainer to move along its axis in rela-
tion to the coil spring it becomes possible to fit and rotate a relatively large retainer
within the coil so as to be able to provide a retainer structure with a relatively large
amount of rigidity for the torsionally rigid transmission from the driven shaft to the
drive shaft.

The invention furthermore relates to a method for assembly of a valve system such as
described above. The valve system assembly method particularly comprises the cou-
pling device assembly method as described above. During the valve system assembly
method, the elastic element is preferably compression-biased in the axial direction
when attaching the coupling device to the actuator and to the exhaust-gas valve. The
coupling device shall be prepared before it is mounted to the actuator or the exhaust-
gas valve. It may be preferable to attach the finished coupling device first to the actua-
tor and thereafter to the exhaust-gas valve or vice versa. After the coupling device is
attached to either one of the actuator or the exhaust-gas valve, it will be compressed
before attaching it to the other one of the exhaust-gas valve or the actuator. In one em-
bodiment, the elastic element of the coupling device may remain compression-biased
after the coupling device has been attached to both the actuator and the exhaust-gas
valve. In another preferred embodiment, after having been attached to both the actua-
tor and the exhaust-gas valve, the elastic element of the coupling device is allowed to
decompress such that no compression-bias or substantially no compression-bias of less

than 10% compression-bias, preferably less than 1% compression-bias remains.
Further embodiments, features and technical aspects are described in the sub-claims.
Further details of the preferred embodiments of the invention are shown in the en-

closed figures in which

Figure 1 shows an example of a valve system according to the invention includ-

ing an actuator, an exhaust-gas valve and a coupling device;

Figures 2a-c show different views of a first embodiment of a coupling device ac-

cording to the invention;
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Figures 3a-3f

Figure 4a

Figures 5a-5¢

Figures 6a-6b

Figures 7a-7f

Figure 8a

Figure 8b

Figure 8c

Figures 9a, 9b

Figure 10

show a sequence of figures illustrating the assembly of the coupling

device according figures 2a-2c;

shows a view of a second embodiment of the coupling device accord-

ing to the invention;

show a third embodiment of a coupling device according to the inven-

tion;

show a fourth embodiment of a coupling device in accordance with

the invention;

show a sequence of assembly of the coupling device according to fig-

ures 6a through 6b;

shows a coupling device with an adapter;

shows the adapter used in figure 8a;

shows an alternative adapter;

show a valve device with a coupling device according to figure 5a; and

shows a schematic sectional view of a valve assembly with a coupling

device as shown in figure 2a.

In the following illustration of preferred embodiments of a valve system or coupling

device in accordance with the invention, the same or similar reference numerals are

used to designate the same or similar components.

A coupling device according to the invention is generally designated with reference

numeral 1. The coupling device 1 comprises as its main constituents a torsional rigid

retainer 2 and an elastic element 4. The valve system according to the invention is gen-
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erally designated with the reference numeral 7. The valve system comprises as its main

constituents an actuator 3, an exhaust-gas valve 5 and a coupling device 1.

In the exemplary embodiment shown in figure 1, the valve system 7 comprises the cou-
pling device 1 interposed between an actuator 3 and an exhaust-gas valve 5 for transfer-
ring rotary motion from the actuator 3 to the exhaust-gas valve 5. The actuator 3 has a
drive shaft 31. The exhaust-gas valve 5 has a driven shaft 51. The coupling device 1 con-
nects the drive shaft 31 to the driven shaft 51 to transfer force and/or motion from the

actuator 3 to the exhaust-gas valve 5.

The coupling device 1 provides an axial clearance to allow for thermal expansion or the
like of the exhaust-gas valve. The coupling device 1 may be configured particularly as
cardanic element to compensate any radial offset between the axis A3 of rotation of the
drive shaft 31 and the axis A5 of rotation of the driven shaft 51. That is, in case the axis
A3 of the actuator 3 is not coaxially aligned with the axis A5 of the exhaust-gas valve 5,
but offset in radial direction such a radial offset may be compensated by the coupling

device 1.

Alternatively or additionally, the valve coupling device 1 may be configured to compen-
sate an angular offset between the axis A3 of rotation of the actuator 3 and the axis A5
of rotation of the exhaust-gas valve 5. For example, if the valve’s axis A5 of rotation is
tilted or skewed in relation to the actuators 5 axis A5, the coupling device 1 compen-
sates for the misalignment and connects the valve 5 to the actuator 3 in a preferably

non-rotational manner.

A non-rotational connection between two components, such as the drive axis 31 and the
driven axis 51 causes the two non-rotatable connected components to rotate de-
pendently of one another preferably without any rotational play. When one of several
none-rotatably coupled components rotates in relation to a reference object, the other
components non-rotatably coupled also perform a forced rotational movement in rela-

tion to the reference object.
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When the drive shaft 31 and the driven shaft 51 are non-rotatably coupled to one an-
other, any and all rotation of the drive shaft 31 causes a corresponding rotational
movement of the driven shaft 51 and vice versa. The skilled person is aware that in case
of a significantly skewed misalignment of the actuators’ axis A3 in relation to the valve’s
5 axis Aj, the corresponding rotary motion of the shafts 31, 51 is determined by the
properties of the cardanic connection therebetween. As the non-rotatable connection is
free of play it prohibits any rattling noise due to looseness of the exhaust-gas valve’s 5

flap.

A first embodiment of a coupling device 1 is shown in a sectional view in figure 2a and
in two different perspective views in figures 2b and 2c¢. In this embodiment, the elastic
element 4 of the coupling device 1 is realized as a hollow cylindrical coil spring 41. The
coil spring 41 has a first terminal end realizing the attachment section 42. The second

terminal end of the coil spring 41 realizes the coupling rod 45.

The torsional rigid retainer 2 is coupled to the elastic element 4. The retainer 2 consists
of a hollow cylindrical body 28 having a staged diameter. In the present embodiment,
the cylindrical retainer in a body 28 has a narrow section 81 and a wide section 83. The
wall thickness of the cylindrical body 28 is essentially constant. The inner diameter d1
of the narrow section 81 is smaller than the inner diameter d3 of the wide section 83.
The cylindrical body 82 comprises a conical step section 82 connecting the narrow sec-
tion 81 to the wide section 83. The wide section 83 has a larger axial extension along
the rotational axis A of the retainer 2 than the narrow section 81 and than the conical
section 82, preferably at least as large as the complete axial extension of the narrow
section 81 and the conical section 82 combined. The cylindrical body 28 may be provid-
ed with one or more void sections, for example in the cylinder body sections forming
the wide section 83 and/or in the cylinder body sections forming the narrow section 81

(not shown).

The narrow section 81 includes a circular recess 24 which may circumferentially com-
pletely surround the attachment section 42 received therein. Optionally, the retainer 2
may additionally comprise a U-shaped axially open recess 24’. The open recess 24’ may

be arranged diametrically opposite to the recess 24. The attachment section 42 of the
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elastic element 4 may be fixed to the retainer 2 by welding. The attachment section 42
is inserted into the recess 24 of the retainer 2 and the elastic element 4 is fixed to the
retainer 2 and the position of the recess 24 receiving the attachment section 42 to pro-
hibits relative movement of the elastic elements ‘4 attachment section 42 in relation to

the retainer 2.

Once the attachment section 42 of the elastic element 4 is fixed to the retainer 2, only

the coupling rod 45 remains movable in relation to the retainer 2.

As indicated with arrows m, the coupling rod 45 of the elastic element 4 can move in
parallel to the axial direction A of the coupling device 1 defined by the retainer 2. How-
ever, in the circumferential direction relative to the rotational axis A of the coupling
device 1, the coupling rod 45 is prohibited from rotational movement in relation to the
retainer 2. The coupling rod 45 is received within a slot 25 of the retainer such that the
rod 45 can only move relative to the retainer 2 in the direction parallel to the rotational
axis A. In case torque is exerted onto the coupling rod, the coupling rod 45 transfers the
torque to the edges 27 of the slot 25. The edges 27 of the slot 25 are arranged opposite
one another in the circumferential direction regarding to the axis A of rotation and are
distanced apart from one another in a distance corresponding to the width of the cou-
pling rod 45. The coupling rod 45 is guided by the edges 27 of the slot 25 so that the
coupling rod 45 is movable in the direction of the rotational axis A but not in a direction
circumferentially in relation to the rotational axis A. The edges 27 of the slot 25 may act

as a sliding bearing for the coupling rod 45.

As the elastic element is fixed at its attachment section 42 to the retainer 2, for example
by welding, gluing, over moulding or the like, and as the coupling rod 45 is received
within the slot 25 substantially without play, the elastic element 4 is non-rotatably con-
nected to the rigid retainer 2. Thus, any torque exerted upon the coupling rod 45 or the
attachment section 42 from an external influence is transferred to the torsional rigid
retainer. For example, when the torque is received by the coupling rod 45, the coupling
rod 45 transfers the torque through the edges 27 of the slot 25 and to the body of the
retainer 2. The retainer is designed so torsional rigid that at least during normal opera-

tion no torsional deformation of the retainer 2 occurs. It may be preferred that the re-
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tainer 2 is designed sufficiently torsional rigid that the maximal torque which the ac-
tuator 3 may provide via the drive shaft 31 to the coupling 1 causes a torsional defor-
mation of the retainer 2 of less than 0.1% or less than 0.01%. The torque received by the
retainer 2 from the coupling rod 45 may be transferred via the retainer’s body 28 to the

attachment section 42.

The slots 25 are arranged in the wide section 83 of the retainer 2. The axial extension of
the slot 25 within the cylindrical body 28 of the retainer 2 is larger than the axial width
of the coupling rod 45, preferably the diameter, in particular at least 1.5 times as large
as the axial width or at least 2 times as large as the axial width of the coupling rod 4s5.
The axial extension of the slot 25 within the cylindrical body 28 of the retainer 2 is less
than 10 times, preferably less than 5 times, more preferably less than 3 times the axial
width, preferably the diameter of the coupling rod 45. The axial extension of the slot 25
within the bottom of the retainer 2 is less than half the axial extension of the retainer 2.
In the assembled state of the coupling device 1, preferably the assembled state of the
valve system 7, the coupling rod 45 is completely received within the slot 24 in the di-
rection of the rotational axis A. It shall be clear that the terms “direction of the rota-

tional axis” and “axial direction” are used synonymously within this disclosure.

Figures 3a-3f illustrate a sequence for attaching the elastic element 4 to the retainer 2
thereby assembling the coupling device 1. Figure 3a shows the coupling devices indi-
vidual components, its torsional rigid retainer 2 and its elastic element 4 next to one

another before assembly.

The elastic element 4 in this embodiment is realized as a cylindrical coil spring 41 hav-
ing two terminal end sections which are end in relation to the helical spring body of the
coil spring 41 such that the terminal ends extend in a generally radial direction in rela-
tion to the axis of rotation A4 of the coil spring 41. The first terminal end of the coil
spring 41 forming the attachment section 42 extends inwardly from the helical spring
rod in a rectilinear, rod-like manner. The second terminal end realizing the coupling
rod 45 has sections extending radially inward in a rectilinear-rod-section-like fashion
48 and additionally an arc-section 47 realizing a curved portion between the rod sec-

tions 48.
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The rectilinear rod section 48 of the coupling rod 45 and the rectilinear rod portion
forming the attachment section 42 are arranged at a preferably orthogonal angle in
relation to one another. The rectilinear attachment section extends in a first radial di-
rection in relation to the rotational axis A and the rectilinear sections 48 of the coupling
rod 45 extend in a second radial direction in relation to the rotational axis A. Such an
arrangement of the coupling rod 45 in relation to the attachment section 42 is helpful

in allowing the coupling device 1 to act as cardanic joint.

Figure 3b shows the retainer 2 set on top of the coupling rod 45 of the elastic element 4
wherein the rectilinear sections 48 of the coupling rod 45 are received into slots 25 in
the wall of the cylindrical body 28 of retainer 2 diametrically opposite one another in
relation to the retainer’s axis of rotation A2. When the retainer 2 is set on top of the
elastic element 4 as shown in figure 3b, the rotational axis or axis of symmetry A4 of
the elastic element 4 and the retainers 2 rotational axis A2 may be coaxially aligned. At
this point during the assembly of the coupling device 1, the attachment section 42 is not

yet received within the recesses 24, 24’.

Figure 3¢ shows how the retainer 2 is being rotated around the coupling rod 45 within
the coil spring 41. The coil spring 41 has a constant outer diameter of approximately 36
mm. The hollow cylindrical body 28 of the retainer 2 having a staged diameter, raising
a narrow section 81, a cone-shaped section 82 and a wide section 83 has been described
above. During the rotation of the retainer 2 around the coupling rod 45 in the coil
spring 41, the arc section 47 secures the retainer from sliding off the coupling rod 45 in
the radial direction. The arc section 47 has an extension of essentially 180° around the
rotational axis A. The arc section 47 and the rod sections 48 are formed by the coil
spring thread and has the same thickness as the remaining coil spring 41 of approxi-

mately 1.5 mm. The outer diameter of the arc section is approximately 17 mm.

Figure 3d shows the retainer 2 having been rotated around the coupling rod 45 so that
the section of the retainer’s body 28, in this case the narrow section 81, which at first
pointed away from the attachment section 42 now points towards the attachment sec-

tion 42. While the retainer 2 in the stage shown in figure 3b was positioned predomi-
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nantly outside of the coil spring 41, it is in the stage shown in figure 3d arranged pre-
dominantly within the coil spring 41. In case the attachment section 42 is not inserted
into the corresponding recess 42 the spring 41 may be elongated in the direction of the

rotational axis A.

Figure 3e shows the elastic element 4 and the retainer 2 in essentially the same state as
figure 3d. The attachment section 42 is not completely inserted into the corresponding
recess 24 so that the axis A2 of the retainer is slightly tilted in relation to the axis of the
spring A4. In order to insert the attachment section 42 into the recess 24, the attach-
ment section may be biased towards the outside of the coil spring 41 so that the termi-
nal end of the coil spring 41 forming the attachment section 42 may thereafter slide into
the recess 24 in the radial direction. Thereafter, the attachment section 42 can be firmly

attached and thereby fixed to the retainer 2.

Figure 3f shows the final assembly state of the coupling device 1 in which the attach-
ment section 42 is received within the recesses 24, 24’ of the retainer 2 and wherein the
coupling rod 45 is arranged within the slots 25. In this state, the rotational axis A2 of
the retainer and the rotational axis A4 of the spring may be concentrically aligned to

realize the rotational axis A of the coupling device 1.

A different embodiment of a coupling device 1 is shown in a sectional view in figure 4a
and in two different perspective views in figures 4b and figure 4c. The assembly of the
coupling device 1 in accordance with figure 4a may be performed in the same manner
as the previously described assembly of the coupling device in accordance with figures
2a through 3f. Alternatively, in order to assemble the elastic element 4 and the retainer
2 of the coupling device 1 according to figure 4a to one another, the attachment section
thereof may first be put into a recess 24 and the retainer 2 may then be rotated within
the coil spring 43 such that, thereafter, the coupling rod 42 may be inserted into a re-
spective slot 25. Such an assembly method is described below regarding the coupling

device shown in figures 6a through 7e.

In the embodiment shown in figure 4a, the shapes of the retainer and the elastic ele-

ment 4 are somewhat different than those of the before mentioned embodiment but
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otherwise the function of the coupling device 1 according to figure 4a and the structure
thereof corresponds to that of the previously described embodiment. The cylindrical
body 29 is formed with a void space 64 extending in the axial direction A through the
cylindrical body 29 in addition to the recesses 24 and slots 25. The void space 64 sepa-
rates body sections of the cylindrical body 29 in the circumferential direction and acts
as a thermal barrier for heat insulation between the attachment section 42 which may
be attached to a hot valve and the coupling rod 45 which may be attached to a drive

actuator.

The retainer 2 consists of a hollow cylindrical body having a continuous constant inner
and outer diameter. The width of the walls of the hollow cylindrical body 29 is approx-
imately the same as the width of the thread forming the coil spring 40. The wall
strength of the hollow cylindrical body 29 may be between 0.5 times as large as the
width of the threat of the coil spring 43 and 2.5 times the threat width.

The elastic element 4 according to the embodiment of a coupling device 1 shown in fig-
ure 4a is realized as a conically-shaped coil spring 43 sloping from a wide end, at which
the coil spring 43 terminates in the attachment section 42, towards a narrow end at
which the coil spring 43 terminates in the coupling rod 45. The wide end of the conical
coil spring 43 has an outer diameter of approximately 35.5 mm. The narrow and of the
conical coil spring 43 has an inner diameter of approximately 16.5 mm. The width or
diameter of the thread forming the coil spring 43 is approximately 1.5 mm. Both the
coupling rod 45 and the coupling section 42 of the elastic element 4 according to the
embodiment shown in figure 4a consist of rectilinear rod sections 48. The rod sections
48 forming on one hand the attachment section 42 and on the other hand the coupling
rod 45 extends perpendicular in relation to one another so that the coupling device 1

may act as a cardanic element.
Figure 5a shows a third embodiment of the coupling device 1. The elastic element 4 of

the coupling device 1 shown in figure 5a is essentially identical to the previously de-

scribed elastic element of the embodiment shown in figure 2a through 3f.
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The retainer 2 is realized as a bent sheet metal body comprising folds 23 bent in the
direction of the rotational axis A. The sheet metal part shown in figure 5a through 5c
has a first central section 20 extending in radial plane in relation to the rotational axis
A and two folded sections 23a protruding from the central section 20 in the direction of

the rotational axis A.

The coupling device 1 as shown in figure 5a has a retainer consisting of a sheet metal
part. The central section 20 is fixed to the attachment section 42 of the elastic element
4. The central section 20 can for example be welded, glued or otherwise firmly attached
to the attachment section 42 of the elastic element 4. In the exemplary embodiment as
shown in figure 5a, the elastic element is realized as a coil spring 41 of constant diame-
ter. The elastic element 4 and the attachment section 42 as well as the connection rod
45 thereof are made from a threat of constant diameter. The elastic element 4 of the
embodiment shown in figure 5a essentially corresponds to the elastic element of the

embodiment shown in figures 2a through 3f.

The central section 20 of the sheet metal retainer 2 has a bridge section 20a surround-
ed on the two opposing sides by apertures 21. The bridge section 20a of the central sec-
tion 20 crosses the rotary axis A and has a width corresponding to the width of the at-
tachment section 42. The apertures 21 on both sides of the bridge section 20a allow for
an engagement section of the drive shaft to for example, to engage through the aper-
tures 21 both of the bridge section 20a and the attachment section 42 of the elastic ele-
ment for transferring torque between the shaft and the coupling device 1 without caus-
ing torsional stress between the elastic elements attachment section 42 and the corre-
sponding section of the retainer 2, to which the attachment section 42 is fixed. In this
case, the bridge section 20a. As can be seen in figure 5¢, the rectilinear rod-like termi-
nal-end of the coil spring 41 forming the attachment section 42 is aligned in parallel

with the bridge section 20a extending radially in relation to the rotary axis A.
The sheet metal part has a thickness similar to the width of the threat of the coil spring

41. The width of the folded sections 23a of the sheet metal retainer 2 is no more than 10

times as wide, preferably no more than 5 times as wide as the width of the coupling rod
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45 in the circumferential direction surrounding the axis of rotation A, void spaces 65

are present between the opposite folded section 23a.

Figure 6a shows a sectional view of a further embodiment of a coupling device 1. The
coupling device 1 of figure 6a is shown in different views in figures 6b and assembly

steps for the coupling device 1 of figure 6a are shown in figures 7b through 7e.

The recess 24 of the retainer 2 shown in figure 6a is angularly surrounded by the sheet
metal body so that the attachment section 42 can come against opposing two opposing
limit stops in the direction of the rotary axis. The upper and/or lower limit stop may aid
in the assembly, in particular for the torque-proof fixing, of the attachment section 42

to the retainer 2.

The elastic element 4 in the coupling device 1 of figure 6a is realized as a conical coil
spring 43. The coil spring 43 of figure 6a is tapered from the terminal end realizing a
rod-shaped rectilinear terminal end 48 realizing the attachment section 42 towards a
rod-like rectilinear terminal end 48 realizing the coupling rod 45. In regard to the elas-
tic element 4, reference is therefore made to description regarding to the embodiment

shown in figure 4a.

The retainer 2 of the embodiment shown in figure 6a is realized as a sheet-metal part
having two folds 23b bent in a first, upwards direction and provided with slots 25 for
receiving the coupling rod. The sheet-metal part realizing the retainer 2 further com-
prises two seams 22b bent towards a second, downwards direction (opposite to the first
direction) in which recesses 24 are provided for receiving the attachment section 42 of
the elastic element. The skilled person may contemplate that the sheet-metal-part real-
ized in the retainer 2 might be shaped in a generally cross-like shape prior to bending,
wherein two diametrically opposite arms of the cross are bent in the first direction and
wherein the two remaining diametrically opposite arms are bent towards a second di-
rection. The retainer 2 has central section 20 from which the folds 23b extend upward

and from which the seams 226 extend downwards.
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The retainer is shown by itself next to the conical coil spring 43 in figure 7a. It may be
preferred that the diametrically opposite folds 23b are shaped mirror-symmetrically in
relation to one another, likewise or alternatively, the diametrically opposite seams 22b
of the retainer 2 may preferably be shaped mirror-symmetrically in relation to one an-
other. The symmetry of the retainer’s 2 folds 23b and/or seams 22b may be advanta-

geous reduce unbalance.

The folds 23b are each provided with a slot 25 for receiving the coupling rod 45. In fig-
ure 6a, the slots 25 are U-shaped and open in the direction of the rotary axis A so as to
allow the coupling rod 45 to be easily inserted into the retainer. The folds 23b form
edges 27 distanced apart from another corresponding to the width of the coupling rod
45. The edges 27 of the slot serve as a guide the coupling rod 45 in a purely translation-
al manner in relation to the retainers’ 2 sheet metal body. Thus, if torque is exerted
onto the coupling rod 45 for example from a corresponding coupling section of the
drive shaft 31 or driven shaft 51, the torque may be transferred directly without any

play from the coupling rod 45 to the retainer 2.

Figure 7a shows the retainer 2 next to the elastic element 4 in a pre-assembly state. As a
first assembly step, according to figure 7b, the rod-shape attachment section 42 of the
coil spring 43 may be inserted into the recesses 24 of the seams 22b. In the embodi-
ment shown in figures 6a through 7e, the recess 24 for receiving the attachment section
42 provides clearance for the attachment section 42 to move in the direction of the ro-
tary axis A during assembling. The recess 24 may also be dimensioned to include play
in the circumferential direction in regard to the axis of rotation of the retainer 2 during
assembly. In the direction of the axis a of the retainer 2, the attachment section 42 can
be moved for several times its width, preferably its diameter, such as two or three times
its width. Between the assembly states shown in figure 7b and 7c, the attachment sec-
tion 42 has moved within the recess 24 in the direction of the rotary action of the re-

tainer A2, thereby sliding the seams 22b into the space surrounded by the spring 43.
Figure 7d illustrates the rotation of the retainer 2 around the attachment section 42

within the coil spring 43. Figure 7e shows the retainer 2 once it has been revolved ap-

proximately 100° from the position shown in figure 7c in regard to the attachment sec-
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tion 42. Between the states shown in figures 7c¢ and 7e, the attachment section 42 re-
mains within the recess 24 in the seams 22b. While the folds 23b which had initially in
figures 7b and 77¢ pointed outwards from the coil spring 43 and away from the coupling
rod, figure 7e shows the folds 23b directed towards the coupling rod 45. As shown in
figure 3b, a coupling rod 45 may be received within the slots 25.

The retainer 2 is moved in the direction of its rotary axis A2, to reach the final assembly
position as shown in figure 7f. The retainer 2 is moved in relation to the attachment
section 42 so that the retainer 2 slides even further into the interior of the coil spring
43. Once the coupling rod 45 is received within the slots 25, as indicated in figure 6b,
the attachment section 42 is then firmly attached to the retainer 2, for example by
welding or soldering the attachment section 42 to the seams 22b or by overmoulding
the seams 22b, or by some other means, to non-rotatably fix of the attachment section

42 in relation to the retainer 2.

The retainer 2, shown in figure 6a through 7f, as can easily be gathered for example
from figure 6a, can be created with little material leaving large void spaces 65, 66 in
circumferential direction between the folds 23b and between the seams 22b. The void
space 65, 66 between circumferentially adjacent folds 23b or between circumferentially
adjacent seams 22b may be have a circumferential extension at least as long or larger
than one respective adjacent fold 23b or seam. Preferably, at least 50%, at least 60 % or
at least 75 % of the circumferential extension of the retainer 2 in a plane perpendicular
to the rotational axis A is realized by one or more void space 65, 66 between adjacent
folds 23b or seams 22b. The retainer 2 and the spring 43 attached thereto, thereby form
a very light weight coupling device 1 which can easily be moved precisely by a drive ac-
tuator 3 and which acts as a highly efficient thermal insulation between a drive shaft 31

and a driven shaft 51.

A different embodiment of a coupling device is shown in figure 8a. The coupling device
1 comprises a circular-cylindrical coil spring 41 attached to a sheet-metal retainer 2
comprising folds 23c¢ extending in a first direction parallel to the rotational axis A of the
coupling device 1 and seams 22c extending in a second opposite direction. The retainer

shown in figure 8a differs from the one previously described relation to figures 6a
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through 7f in that the seams 22c are shorter and the recesses 24, provided therein are

formed like those of the embodiment shown in figure 2a.

Notably, figure 8a shows a U-shaped bushing 53a surrounding the attachment section
42 to act as an adapter between the coupling device 1 and a driven shaft or drive shaft
engagement section (not shown in further detail). An exemplary embodiment of a U-
shaped bushing is shown in figure 8b and a cylindrical bushing 53b is shown in figure
8c.

The valve assembly 7 shown in figure 9a and gb, shows the engagement section 33 en-
gaging two radially opposite contact lines 72 of the coupling device 1. Fig. 9a. shows a
side view of the assembly 7 and Fig. gb a sectional view in accordance with line J-J of
Fig. ga. The driven shaft 51 is indicated schematically. The engagement section 33 of
the driving shaft 31 extends into the coupling device 1 through to apertures 22 of the
retainer 2. The engagement section 33 firmly grasps the edges of a bridge section 20a of
the retainer 2. The engagement section 33 does not directly contact the attachment
section 42 or any other part of the elastic element 4. However, the engagement section

33 engages the retainer 2 at its section thereof attached to the attachment section 42.

The force and/or torque transmission between the coupling device 1 and the actuator 3
of the embodiments shown in figure 9a, 9b and 10 are essentially identical to one an-
other. Although it may be preferred that the attachment section 42 of the elastic ele-
ment or corresponding portion of the retainer 2 is attached to the driving shaft 31 in an
alternative embodiment, the attachment section or corresponding section of the retain-

er 2 may be attached to the driven shaft 51.

Figure 10 shows a valve assembly 7 having an electromotor 3 with a drive shaft 31 that
has an engagement section 33. The driven shaft 51 is indicated schematically. The at-
tachment section 42 end of the elastic element 4 sits in the engagement portion 33. A
single contact line 71 is realized between the attachment section 42 and the drive shaft
31. The coupling device 1 shown in figure 10 corresponds to that described in relation to
figure 2a. Alternatively, another coupling device, such as described in relation to figure

4a, 6a or 8a might alternatively be provided. The attachment section 42 of the coupling
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device 1 is firmly held by the engagement section 33. When the driving shaft 31 rotates,
driven by the actuator 3, it forces the attachment section 42 and thereby the entire cou-
pling device 1 to perform a corresponding rotary motion. The engagement section 33

engages the coupling device 1 in a torque-proof manner.

Figure 10 shows the engagement section 33 clamping the attachment section rod 48.
The engagement may be form-fitting in the rotary direction in relation to the axis A of
rotation. Alternatively, a radial clamping force may hold the coupling device 1 to the
engagement section 33. Alternatively or additionally an axial biasing 4 on to the elastic
element 4 between the drive shaft 31 and the driven shaft 50 may aid to hold the cou-

pling device 1 in position.
The features disclosed in the above description, the figures and the claims may be sig-

nificant for the realisation of the invention in its different embodiments individually as

well as in any combination therefore.
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REFERENCE LIST

-

N B WN

20a
21
22b
22¢
23a
23b
23¢
24
25
27
28
29
31
33
41
42
43
45
47
48
51

Coupling device
Torsionally rigid retainer
Actuator

Elastic element
Exhaust-gas valve
Valve system
Central section
Bridge section
Apertures

Seams

Seams

Folds

Folds

Folds

Recess

Slot

Edges

Cylindrical body
Cylindrical body
Drive shaft
Engagement section
Coil spring
Attachment section
Coil spring
Coupling rod
Arc-section
Rectilinear rod sections

Driven shaft
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53
64
65
66
71
72
81
82
83
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U-shaped bushing
Void space

Void space

Void space
Contact lines
Contact lines
Narrow section
Step section

Wide section

axis
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Claims:

1. Coupling device (1) for connecting a drive shaft (31) of an actuator (3) to a
driven shaft (51) of an exhaust-gas valve (5), the coupling device (1) defining a
rotational axis (A) and comprising:

a torsionally rigid retainer (2) having an axially extending slot (25),

a coupling rod (45) received in the slot (25) for translational movement relative
to the retainer (2) in the direction of the rotational axis (A),

an elastic element (4) biasing the coupling rod (45) in the direction of the
rotational axis (A) and having an attachment section (42) fixed to the retainer
(2); wherein the retainer (2) and the coupling rod (45) are non-rotatably

connected.

2.  Coupling device according to claim 1, wherein the coupling rod (45) has no

rotational play in the corresponding slot (25).

3.  Coupling device according to claim 1 or 2, wherein the slot (25) has edges (27)
opposite one another, in particular in a circumferential direction relative to the
rotational axis (A) of the coupling device (2), and extending in parallel to the
rotational axis (A) of the coupling device (2) for guiding the coupling rod (45)
translationally and for transferring torque from the coupling rod (45) to the

retainer (2).

4. Coupling device according to one of the preceding claims, wherein the elastic
member (4) comprises a coil spring (41, 43), in particular a conical coil spring
(43) preferably having a narrow end fixed to the coupling rod (45) and/or a wide

end fixed to the attachment section (42).
5.  Coupling device according to one of the preceding claims, wherein the elastic

element (4) and the coupling rod (45) are formed in a one-piece manner, in

particular as a thread, preferably of constant diameter.
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11.

12.
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Coupling device according to one of the preceding claims, wherein the retainer
has a central section (20) and two folds (23a, 23b, 23¢) bent towards a first
direction relative to the central section (20), wherein the folds (23a, 23b, 23¢)

form the slot (25) for holding the coupling rod (45).

Coupling device according to one of the preceding claims, wherein the retainer
has a central section (20) and two seams (22b, 22¢) bent towards a second
direction relative to the central section (20), wherein the seams (22b, 22¢) form

at least one recess (24, 24’) for holding the attachment section (42).

Coupling device (1) according to one of the claims 1 to 6, wherein the retainer
(2) has a central plate section (20) between the folds (23a, 23c), wherein the

central plate section (20) is connected to the attachment section (42).

Coupling device (1) according to one of the claims 6 to 8, wherein the retainer
comprises a sheet metal part having the central plate section (20) and optionally

the two folds (23, 23b, 23c) and/or the two seams (22a, 22¢)

Coupling device according to claim 1 or 5, wherein the retainer comprises a
hollow cylindrical body (28, 29), in particular a cylindrical body (29) having a
constant diameter or a cylindrical body (28) having a staged diameter
comprising at least a narrow section including a recess (24) and a wide section

including the slot (25).

Coupling device according to one of the preceding claims, wherein the retainer
(2) includes at least one void space (64, 65, 66) or more void spaces (64, 65, 66)
extending along the direction of the rotational axis (A), in particular between
cylindrical body sections of the hollow cylindrical body (28, 29) or between

adjacent folds (23a, 23b, 23¢) and/or seams (22b, 22c¢).

Valve system (77) comprising an actuator (3) with a drive shaft (31), an exhaust-
gas valve (5) with a driven shaft (51) and a coupling device (1) in particular
according to one of the preceding claims non-rotatably connecting the driven

shaft (51) to the drive shaft (31) with axial clearance.
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14.

15.

16.

17.

18.

19.
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Valve system (7) according to claim 12, wherein the attachment section (42) or
the section of the retainer (2) fixed to the attachment section (42) is connected
with the drive shaft (31).

Valve system (7) according to claim 12 or 13, further comprising an adapter (53a,
53b) for form-fittingly engaging the drive shaft (31) or driven shaft (51), wherein

the adapter surrounds the attachment section (42).

Valve system (7) according to one of the claims 12 to 14, wherein the drive shaft
(31) and/or the driven shaft (51) realizes one or two respective contact lines (71,
72) with the corresponding engagement portion of the coupling device, in
particular the coupling rod (45), the attachment section (42) or the section of the

retainer (2) fixed to the attachment section (42).

Valve system (7) according to one of the claims 12 to 15, wherein torque is
preferably exclusively transferred from the drive shaft (31) to the driven shaft (51)
through the rigid retainer (2), in particular such that the elastic element (4)
remains free from torque, wherein in particular the elastic element (4) is

tensioned or free of tension in the direction of the rotational axis (A).

Valve system (7) according to one of the claims 12 to 16, wherein the coupling
device (1) connects the driven shaft (51) to the drive shaft (31) with axial clearance

but no rotational clearance.

Method for assembling a coupling device (1) according to one of the claims 1 to

11, comprising the steps:

a) providing a retainer (2) comprising a slot (25) and a recess (24, 24°);

b) providing a coil spring (41, 43) comprising a coupling rod (45) and an
attachment section (42);

c) fitting the coupling rod (45) into the slot (25) of the retainer (2); and

d) fitting the attachment section (42) into the recess (24, 24’) of the retainer

(2).

Method according to claim 18, wherein the retainer (2) is rotated within the

coils spring (41, 45) between step ¢) and step d).
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20. Method according to claim 19, wherein the retainer is moved translationally
along its axis (A) along the attachment section (42) or along the coupling rod

(45) at least once before, during and/or after the rotation.

21. Method for assembling a valve system (7) according one of the claims claim 12
to 17, in particular comprising an assembly method according to one of the
claims 18 to 20, wherein an elastic element (4) is compression-biased in the
axial direction (A) when attaching the coupling device (1) to the actuator (3) and

to the exhaust-gas valve (5).
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