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(57) Abstract: The present invention relates to a check valve unit (1, 100, 200, 300, 400) having a shaft bearing body (10, 110, 210,
310, 410) with an at least substantially cylindrical mounting portion (11) extending along an axial direction (A) and an axially extending
valve shaft (20, 120) mounted therein. The latter is displaceable along the axial direction (A). The check valve unit (1, 100, 200, 300,
400) further includes a valve head (25, 125) with a sealing surface (33, 133), wherein the valve head (25, 125) is disposed on a distal
end (21) of the valve shaft (20, 120) in the axial direction (A), the distal end (21) facing away from the mounting portion (11). Further,
a damping reservoir (50) is provided inside the shaft bearing body (10, 110, 210, 310, 410). A volume of the damping reservoir (50) is
changed by axial movement of the valve shaft (20, 120). In order to obtain a well-defined times for opening and closing under given
conditions and to make the check valve unit (1, 100, 200, 300, 400) less prone to making noise, at least two channels (46a, 46b) are
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provided in parallel, each of them constituting a fluid connection between the damping reservoir (50) and an outside (70). The damping
reservoir (50) is, apart from the channels (46a, 46b), at least substantially enclosed. Each channel (46a, 46b) has a length being at least
ten times a hydraulic diameter of the respective channel (46a, 46b).
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Check valve damping

The invention relates to a check valve unit comprising a shaft bearing body com-
prising an at least substantially cylindrical mounting portion extending along an
axial direction. The check valve further comprises a valve shaft mounted in the
mounting portion, wherein the valve shaft extends along the axial direction and is
displaceable along the axial direction, and a valve head comprising a sealing sur-
face, wherein the valve head is disposed on a distal end of the valve shaft in the
axial direction, the distal end facing away from the mounting portion. The check
valve also comprises a damping reservoir inside the shaft bearing body, wherein
a volume of the damping reservoir is changed by movement of the valve shaft with

regard to the shaft bearing body along the axial direction.

A check valve unit is known, for example, from US 9,309,978 B2.

It is known that check valve units can be used in connection with a compressor in
a cooling or refrigerating system. For example, such a check valve unit might
protect the compressor from damages caused by undesired, sudden backflow of
a refrigerant into the compressor. On the one hand, the check valve unit should
open even if there is only a small pressure drop along a forward flow direction.
Hence, the check valve unit does not impede the forward flow of the refrigerant.
However, the check valve unit should close as fast as possible, if a reverse pres-
sure drop and reverse flow of the refrigerant occurs. In particular, short times for
opening and closing the check valve unit are desired. For ensuring short opening
and closing times, a damping with regard to displacement of its valve shaft has to
be small. Hence, less force is needed to quickly open or close the check valve

unit.

However, if the check valve unit has a low damping, it is prone to produce unde-

sired noise. Especially if the check valve is only partially open, for example due
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to a small mass flow of the refrigerant passing through it, the valve shaft can
continuously move back and forth in an uncontrolled manner. In other words, the
check valve is fluttering. This causes vibrations and hence undesired noise. The

noise can disturb people, for example people working in an office.

In more detail, usually the damping is automatically obtained in that a relatively
long piston is guided in a bottomed cylinder, wherein there is only a small differ-
ence between the diameters of an inner circumferential surface of the cylinder
and an outer circumferential surface of the piston rod. At a closed end of the cyl-
inder, a damping reservoir is constituted. If the piston rod is displaced along an
axial direction away from the closed end, fluid from outside the cylinder has to
pass between the inner circumferential surface of the cylinder and the outer cir-
cumferential surface of the piston rod to get into the damping reservoir. By this,
the pressure in the damping reservoir is equilibrated with an ambient pressure
outside the cylinder, for example in a fluid flow path of a valve. Therefore, a certain

force is required to pull the piston rod further out of the cylinder.

Vice versa, a certain force is required to press the piston rod into the cylinder in
the axial direction towards the closed end of the cylinder. Due to an axial move-
ment of the piston rod, the pressure in the damping reservoir is increased. Fluid
from the damping reservoir can pass between the inner surface of the cylinder
and the piston rod in order to compensate the reduction of the damping reservoir's
volume. Hence, a certain force is required to push the piston rod further into the

cylinder as well.

Summed up, if the piston rod is moved, fluid is forced through the small diameter
difference and, due to a viscosity of the fluid, a damping force counteracting the
movement of the piston rod is obtained. Ideally, damping characteristics with a
damping force being proportional to an absolute value of a velocity of the piston

rod can be achieved. However, very small tolerances are necessary for providing
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sufficient damping and proper damping characteristics. As a result, corresponding

check valve units are very expensive to produce and prone to failures.

More particular, the usual damping arrangement exhibits variations in damping
due to eccentricity and manufacturing tolerances. Normally, the piston rod is not
centered by special means. For a given piston rod velocity, the damping force will
decrease with a factor 2,5 if the piston rod is moved away from centered position
to a most eccentric position in the cylinder. Often, the difference between the di-
ameters of the inner circumferential surface of the cylinder and the outer circum-
ferential surface of the piston rod can vary by a factor of 1,5: For example, if a
difference between the diameters of 0,05 mm is desired and if the machining tol-
erances for both the cylinder and the piston rod are + 0,005 mm, this results in a
minimal difference of said diameters and hence of a gap of only 0,04 mm and a
maximum gap of 0,06 mm. A radial gap size hence can vary by a factor of 1,5.
However, said variation of the radial gap size by a factor of 1,5 can lead to the
damping force being different by a factor 3,4 between a minimal damping force
(maximum radial gap size) and a maximum damping force (minimal radial gap
size). Taking those two sources of nonconformances (i.e. eccentricity and ma-
chining tolerances) together, this often results in a factor 5 to 10 regarding the
possible variations of the damping force. Hence, it is very difficult to ensure pre-

cisely determined damping characteristics.

According to another concept, equalization holes are provided for controlling the
flow of fluid into or out of the damping reservoir. However, the equalization holes
lead to a damping force being proportional to an absolute value of a velocity of
the piston rod in the power of two and the damping is insufficient especially for
slow oscillations. On the other hand, considerable damping occurs if the check

valve unit is closed quickly. Hence, it is hard to realize short closing times.
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In a check valve according to JP HO06-341562 A, a single spiral groove is formed

on an outer periphery of a poppet valve and used as a throttle.

The object underlying the invention is to provide a check valve unit exhibiting a
well-defined time for opening and closing under given conditions and being less

prone to making noise.

The above object is solved by a check valve unit according to claim 1.

In particular, the check valve unit comprises:

¢ A shaft bearing body comprising an at least substantially cylindrical mount-
ing portion extending along an axial direction;

e a valve shaft mounted in the mounting portion, wherein the valve shaft ex-
tends along the axial direction and is displaceable along the axial direction;

e a valve head comprising a sealing surface, wherein the valve head is dis-
posed on a distal end of the valve shaft in the axial direction, the distal end
facing away from the mounting portion; and

e adamping reservoir inside the shaft bearing body, wherein a volume of the
damping reservoir is changed by movement of the valve shaft with regard

to the shaft bearing body along the axial direction;

Furthermore, in the check valve according to the present invention, at least two
channels are provided in parallel, each of the channels constituting a fluid con-
nection between the damping reservoir and an outside, wherein the damping res-
ervoir is, apart from the channels, at least substantially enclosed, wherein each
channel has a length being at least ten times a hydraulic diameter of the respec-

tive channel.
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In general, the term "channels are provided in parallel" (or "parallel channels")
does not require that the at least two channels are geometrically parallel. The
term shall solely indicate that the at least two channels establish at least two dif-
ferent fluid connections through which a fluid can pass in parallel in order to flow
from the damping reservoir to the outside and vice versa. In other words, a first
and a second channel are not parallel in this meaning if the same part of the fluid
first has to flow through the first channel and then further through the second
channel when flowing from the damping reservoir to the outside (or vice versa).
In this case, the first channel and the second channel are arranged "in series"
("consecutive channels"). Furthermore, it has to be understood that it is not re-
quired that the fluid connections between the damping reservoir and the outside
are established solely by the parallel channels alone. For example, an additional
conduit or several additional conduits may be provided in series to one or more
of the parallel channels in order to complete the fluid connection between the

damping reservoir and the outside.

The length of the channels is large compared to their hydraulic diameters. The
channels hence comprise a large inner surface facing the fluid inside the channel.
The importance of boundary effects for fluid flowing through the channels is high.
Therefore, a laminar flow of within the channels is facilitated. The effect is consid-
erably increased by providing at least two channels because the individual chan-
nels can be smaller in comparison to the case, in which all of the fluid has to pass
through one single channel. Hence, the flow of fluid between the damping reser-
voir and the outside is precisely determined by the channels. On the other hand,
with at least two channels in parallel, the individual channels can be shorter and

therefore the size of the check valve unit is kept small.

The at least two parallel channels are configured as a "bottleneck" for fluid flowing
between the damping reservoir and the outside. Hence, the damping is at least

substantially determined by the at least two channels. In other words, the check
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valve unit is configured that a flow resistance for the fluid flowing between the
damping reservoir and the outside is at least substantially determined by the at

least two parallel channels.

The check valve unit according to the present invention exhibits well-defined and
optimal damping characteristics regarding axial displacement of the valve shaft.
Therefore, well-defined opening and closing times can be assured. Furthermore,
undesired oscillations are avoided. For example, valve fluttering is prevented

even if the check valve unit is only partially open.

In addition, the check valve unit according to the present invention exhibits quick

and well-defined closing at surge in a centrifugal compressor.

The hydraulic diameter dy of an individual one of the channels may be calculated
from an cross-sectional area Ac of the channel in a plane perpendicular to a lon-
gitudinal direction of the channel and an inner circumference O of said channel
as follows: dn = 4*Ac/Oc.

In general, the hydraulic diameter of the individual channel may vary along the
longitudinal direction of the channel. The term "hydraulic diameter" preferably re-
fers to a minimum hydraulic diameter or to an effective hydraulic diameter. The
effective hydraulic parameter is the hydraulic parameter of a uniform cylindrical
channel having the same length as the actual channel of the embodiment and
exhibiting substantially the same flow resistance as the actual channel, wherein

the latter may be of a more complex shape.

Preferably, each channel has a length being at least 25 times the hydraulic diam-
eter of the respective channel, more preferably at least 50 times. In these cases,
the channels are long enough for obtaining even stronger influence of the inner

surface of the channels facing the fluid flowing therein.
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However, the length of each channel is preferably equal or less than 2000 times
its hydraulic diameter, more preferably less than 1000 times. Otherwise, the flow

resistance would be too high and could impair fast closing of the check valve unit.

The check valve unit may be configured to allow the fluid to flow along a forward
flow direction but to prevent the fluid from flowing in a backward flow direction

opposite to the forward flow direction.

The sealing surface may be configured for sealingly abutting to a corresponding
valve seat. For example, the sealing surface can have at least substantially the
shape of an annular line. According to another example, the sealing surface might
be of an at least frusto-conical shape. As a further example, the shape of the

sealing surface can at least substantially correspond to a spherical zone.

The valve shaft with the valve head and the sealing surface (i.e. a valve shaft
assembly) are configured to be displaced from a closing position along the axial
direction. A maximum stroke of the valve shaft (and the valve head with its sealing
surface) in the axial direction is the range between the closing position and a fully
opened position. The displacement of the valve shaft can cause opening and clos-

ing of the check valve unit.

According to a preferred embodiment of the present invention, a diameter of the
sealing surface is in the range from 15 mm to 300 mm, more preferably from
20 mm to 150 mm, most preferably from 25 mm to 100 mm. For example, the
diameter of the sealing surface can be 27 mm. With those the dimensions, the

check valve unit is adapted for use in typical refrigeration cycles, for example.

According to another aspect, the maximum stroke of the valve shaft is preferably

within a range from 4 mm to 100 mm, more preferably from 5 mm to 50 mm, and



10

15

20

25

WO 2020/187474 PCT/EP2020/052011

most preferably from 6 mm to 35 mm. Such a maximum stroke is small enough
for short opening and closing times of the check valve unit but exhibits a sufficient
large opening for not impeding substantially the desired fluid flow through the

check valve unit along the forward flow direction.

In particular, the closing position may be an axial position of the valve shaft in

which the valve head protrudes furthest from the shaft bearing body.

The valve head is at least axially fixed with respect to the valve shaft. Preferably,
the valve head is axially and rotationally fixed to the valve shaft. For example, the

valve head can be formed integrally with the valve shaft.

Additionally or alternatively, a total mass of the valve shaft assembly comprising
the valve shaft and the valve head is less than 0,2 kg, more preferably less than

0,1 kg, and most preferably less than 0,02 kg.

A proximal side of the valve shaft with a proximal end thereof is inserted into an
interior of the shaft bearing body. The valve shaft is mounted by the mounting
portion of the shaft bearing body. In particular, the mounting portion holds and

guides the valve shaft in an axial displaceable manner.

The damping reservoir can partially extend into a cavity of the valve shaft located
at the distal end of the valve shaft, wherein the cavity is open at the distal end of

the valve shaft.

In a preferred embodiment of the invention, the proximal end of the valve shaft
constitutes a distal end of the damping reservoir. This embodiment requires few

parts and is easy and cheap to manufacture.



10

15

20

25

WO 2020/187474 PCT/EP2020/052011

In a preferred embodiment of the present invention, the valve head includes a
sealing element, wherein the sealing surface is located on the sealing element.
The sealing element is at least axially fixed to the valve head, more preferably
axially and rotationally fixed to the valve head. The sealing element can be made

of PFFE, for example.

Preferably, the check valve unit further comprises a resilient element forcing the
valve shaft in the axial direction towards the closing position. In other words, the
resilient element exhibits a restoring force for closing the check valve unit. Con-
sequently, the valve head and the sealing surface are forced in the closing posi-
tion together with the valve shaft. The valve shaft can be displaced by an external
force counteracting the resilient force. For example, an opening force for displac-
ing the valve shaft in the axial direction towards the fully opened position may
arise from a difference between an upstream-side pressure acting on a distal side
of the valve head and a downstream-side pressure acting on a proximal side of
the valve head. In this case, the opening force results from the upstream-side
pressure being higher than the downstream-side pressure and/or by an effective
area of the distal side, on which the upstream-side pressure acts. Said effective
area may be larger than an effective area of the proximal side of the valve head,
on which the downstream-side pressure acts. The upstream-side and down-

stream-side are defined with respect to the aforementioned forward flow direction.

According to an aspect of the invention, the check valve unit has a central unit
comprising at least the valve head and the shaft bearing body, wherein the cen-
tral unit is configured such that it has a drop-like outer shape when the check
valve unit is fully open. Therefore, the flow resistance for fluid flowing through
the check valve around the central unit is very low. This increases the energy ef-

ficiency of circuits in which the check valve unit is used.
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More preferably, the resilient element is a spring, for example a compression
spring. The spring may be mounted between the valve shaft and the shaft bearing
body. In particular, a part of the shaft bearing body constituting the proximal side
of the damping reservoir may comprise a spring seat. The spring seat is adapted
to mount a proximal end of the spring. The spring seat may be of an at least
substantially annular shape. Most preferably, the spring extends partially through

the cavity of the valve shaft.

More preferably, the restoring force of the resilient element mentioned above
(which may be the compression spring) is adapted to close the check valve unit
without differential pressure. For example, the restoring force exerted in the clos-
ing position may correspond to at least 100 % of a gravitational force due to the
mass of the valve shaft assembly, most preferably at least 120 % or at least 140
%. Hence, closing of the check valve unit is ensured for every spatial orientation
of the check valve unit. For example, if the total mass of the valve shaft assembly

is 0,02 kg, the restoring force in the closing position might be 0,24 N.

Additionally or alternatively, the spring constant of the resilient element may be
less than 0,1 N/mm, more preferred less than 0,02 N/mm. The spring constant
should be as low as possible such that only a small pressure drop along the for-
ward flow direction is necessary to keep the check valve unit in the fully opened

position.

According to a further aspect of the invention, the check valve unit preferably is
installed and/or used in an at least substantially vertical configuration, wherein the
gravitational force due to the mass of the valve shaft assembly forces the same
towards its closing position. Consequently, for displacing the valve shaft assembly
away from its closing position, at least its gravitational force has to be overcome.

For example, the required opening force can be the sum of the gravitational force
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of the valve shaft assembly and the resilient force of the resilient member. In the

vertical configuration, the axial direction is parallel to a direction of gravity.

According to another aspect of the invention, the valve shaft and/or the valve head

are made of aluminum and/or Polytetrafluoroethylene (PFFE).

Preferably, the check valve unit is configured to close in less than 2 s if a back-
ward pressure drop occurs, more preferably in less than 0,5 s, most preferably in
less than 0,2 s. The backward pressure drop would cause the fluid to flow in the
backward flow direction if the check valve unit did not close. With such a fast
closing time, elements in a fluid cycle such as a refrigerant cycle can be safely

protected from damages.

As noted above, the volume of the damping reservoir changes according to the
axial position of the valve shaft. The check valve unit is configured so that fluid
flows into or out of the damping reservoir through the channels if the valve shaft

is axially displaced in order to dampen said axial movement.

In particular, the more the valve shaft is displaced in the axial direction away from
its closing position, the more reduced is the volume of the damping reservoir.
Hence, fluid in the damping reservoir flows into the channels from the damping
reservoir, further through the channels, and finally to the outside. The viscosity of

the fluid causes a damping force counteracting axial movement of the valve shaft.

Vice versa, the more the valve shaft is displaced in the axial direction towards its
closing position, the more increased is the volume of the damping reservorr.
Hence, fluid enters from the outside into the channels, further flows through the
channels, and finally enters into the damping reservoir. Again, the viscosity of the

fluid causes the damping force counteracting axial movement of the valve shaft.
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The outside may refer to an outside of the shaft bearing body. In particular, the
outside may be a main flow channel for the fluid passing the check valve unit if

the check valve unit is open.

With the present invention, the damping force is mainly determined by the fluid
flowing through the channels. As the dimensions of the channels are large com-
pared to the manufacturing tolerances, there is only a low sensitivity of the damp-
ing characteristics to the manufacturing tolerances. Therefore, with the present

invention, well-defined damping characteristics are ensured.

The desired damping characteristic can be finely adjusted by the number of the

channels, the lengths of the channels and the shapes of the channels, for exam-

ple.

In a further preferred embodiment of the invention, the damping reservoir is lo-
cated in the shaft bearing body. For example, the damping reservoir may be con-
stituted of the cavity formed in the shaft bearing body and a proximal portion of
an interior of the shaft bearing body. The damping reservoir may be delimited at
its distal end by the proximal side of the valve shaft. At its proximal end, the damp-

ing reservoir may be delimited by a wall of the shaft bearing body.

Preferably, a width, a length, a depth, a diameter and/or a shape is the same for
all channels. With this, a more uniform flow of fluid in all the channels is facilitated.

Hence, imbalances and undesired moments can be avoided.

Additionally or alternatively, the channels are configured such that the flow re-
sistance for the fluid flowing through the channels may be at least substantially
the same for all of the channels. In this context, substantially the same may mean

that said flow resistance of two different channels does not differ by more than
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40 %, more preferably by not more than 20 %, and most preferably by not more

than 10 % for given identical conditions.

According to another preferred aspect of the invention, the width, the depth, the
diameter and/or a cross-sectional shape of each channel do not or do at least not
substantially change along the longitudinal direction of the respective channel.

Therefore, the fluid can flow in a uniform manner through each channel.

Preferably, the diameter and/or the width of the channels perpendicular to their
longitudinal direction is in the range from 0,05 mm to 3 mm, more preferably from

0,08 mm to 1 mm, most preferably from 0,1 mm to 0,5 mm.

According to another aspect of the invention, the length of the channel along its
longitudinal direction may be at least 5 mm, more preferably at least 8 mm. Con-
sequently, the flow resistance of the channels is high enough for the laminar flow
of the fluid.

The hydraulic diameter of each channel is preferably at least 0,07 mm, more pref-
erably at least 0,1 mm. Additionally or alternatively, the hydraulic diameter of each
channel is preferably equal to or less than 1 mm at the maximum, more preferably

0,5 mm, most preferably 0,3 mm.

In general, it is not necessary that the channels be of a straight-line shape. For
example, they might be provided as helical grooves (see below). However, in a

preferred embodiment of the invention, the channels are of straight-line shape.

Preferably, at least three channels, more preferably at least four channels, and
most preferably at least five channels are provided. Hence, the fluid flow is divided

into more channels. There is a sufficient number of channels that the individual
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channels are small enough to ensure laminar flow of the fluid therein even if a

large flow of fluid occurs during fast movement of the valve shaft assembly.

With a given total area of cross-section of all channels perpendicular to the re-
spective fluid flow direction inside the channels (referred to as total channel cross-
section), the damping characteristics are the better the channels are provided.
This is explained in the following: Supposed all channels are of the same or at
least of a similar shape, providing more channels without increasing the total
channel cross-section means that the channel cross section (perpendicular to the
respective fluid flow direction therein) of each single channel is reduced. In other
words, the single channels are getting smaller. If the channels are small enough,
a laminar flow within the channels is ensured. Providing more channels facilitates
to make the single channels small enough such that the damping force is propor-
tional to the absolute value of the velocity of the valve shaft instead of being pro-

portional to said velocity in the power of two.

On the other hand, the number of channels should not be excessively high in
order to allow a cost-efficient, fast, and reliable production of the check valve unit.
Thus, the number of the channels is preferably 200 at the maximum, more pref-
erably 100 at the maximum, and most preferably 50 at the maximum. Further-
more, if the single channels are too small, they may be prone to clogging even by

very small dirt and/or abrasion particles.

Of course, it is highly advantageous if the number of channels is within the upper

and lower limits mentioned above.

A circumferential direction is perpendicular to the axial direction. The end of the
valve shaft in the axial direction opposite to its distal end is denoted as its proximal
end. The damping reservoir may be located at the side of the proximal end of the

valve shaft.
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A piston diameter is the diameter of an outer circumferential surface of the valve
shaft in an engagement portion of the valve shaft, wherein the engagement por-
tion is a portion of the valve shaft along the axial direction, which is configured to
engage with the mounting portion for mounting the valve shaft therein. The en-

gagement portion is provided at the proximal side of the valve shaft.

In a preferred embodiment of the present invention, the check valve unit exhibits
a Reynolds number of less than 2300 for flow of a predetermined fluid between
the damping reservoir and the outside. The flow occurs at least mainly through
the channels. The Reynolds number is an indicator for the flow characteristics. If
the Reynolds number is less than 2300, the damping force is at least substantially
proportional to the absolute value of the velocity of the displacement of the valve
shaft. However, it should be noted that a part of the flow between the valve shaft
and the shaft bearing body might occur at an area of engagement between the
shaft bearing body and the valve shaft. The area of engagement is the area at
which the mounting portion of the shaft bearing body engages with the engage-
ment portion of the valve shaft, in other words, the contact and sliding area be-
tween the mounting portion and the engagement portion. A location and/or a size
of the area of engagement may vary depending on the axial position of the valve

shaft or not.

More preferably, the predetermined fluid comprises air, the refrigerant R134a, the
refrigerant R410a, and/or CO2. Additionally, the predetermined fluid may com-
prise up to 5 mass-% of lubricants, in particular oil. Alternatively, the predeter-
mined fluid may be free of oil, and most preferably be free from any lubricant. The
viscosity of R134a and of R410a may be in the range from 10 yPa-s to 20 yPa-s

for given operating conditions.
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According to a preferred aspect of the present invention, fluid flowing between the
damping reservoir and the outside has to pass the total length of the channels
independently from the axial position of the valve shaft. Consequently, the damp-

ing characteristics are independent from the axial position of the valve shaft.

According to another aspect of the present invention, the check valve unit com-
prises a drain passage constituting a further fluid connection between the damp-
ing reservoir and an outside of the shaft bearing body (in addition to the channels).
For example, if the fluid (like a refrigerant) passing through the check valve unit
comprises oil, a part of the oil may get inside the damping reservoir through the
channels. There is a risk that the oil is trapped in the damping reservoir and fills
up the latter at least partly. As the oil is nearly incompressible, an effective volume
of the damping reservoir is decreased in this case. This might impede the damping
characteristics and even diminish the possible stroke for the valve shaft. With the
additional drain passage, oil trapped in the damping reservoir can leave the damp-
ing reservoir through the drain passage. Hence, the oil is pumped out of the damp-
ing reservoir through the drain passage when the valve shaft moves proximally.
The drain passage may open into the damping reservoir with an inner opening
and may open to the outside with an outer opening, for example to the main flow

channel.

For example, the drain passage may open into the damping reservoir at a bottom
region of the damping reservoir. The bottom region might be defined by the direc-
tion of gravity. Qil trapped in the damping reservoir will collect in the bottom region

and hence flow out of damping reservoir through the drain passage more easily.

More preferably, the drain passage is constituted from a drain hole extending
through a reservoir wall separating the damping reservoir from the outside of the
shaft bearing body. In particular, the reservoir wall can be part of the shaft bearing
body.
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In a more preferred embodiment of the invention, the drain passage comprise a
drain check valve, for example a check flap. The drain check valve may be pro-
vided within the drain passage, at its inner opening, or at its outer opening. The
drain check valve ensures that oil can be pumped out of the damping reservoir
but it prevents fluid and oil from entering into the damping reservoir from the out-
side through the damping passage because this could impede the damping char-
acteristics. Most preferably, the drain check valve is configured such that it only
opens when a predetermined pressure drop from the damping reservoir to the

outside is reached.

Some of the channels or all of the channels may be provided in a channel portion.
In other words, said channels are grouped together in one single channel portion.
The channel portion may be provided in one single unit. This considerably facili-
tate the production of the check valve unit and reduce its costs. Furthermore, the

size of the check valve unit is decreased by grouping the channels together.

Preferably, the diameter of the outer circumferential surface of the valve shaft is
smaller in a middle part between the engagement portion and the valve head in

the axial direction than the piston diameter.

In a preferred embodiment of the invention, the check valve comprises a circum-
ferential groove portion, which is disposed on an outer circumferential surface of
the valve shaft or on an inner circumferential surface of the mounting portion and
extends along the axial direction, wherein the channels are formed by parallel

helical grooves provided in the groove portion.

In this case, each of the helical grooves constitutes one channel and hence the
fluid connection between the outside and the damping reservoir. Furthermore, in

this case, the channel portion is formed by the groove portion. As the grooves
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constitute the channels in this embodiment, naturally, any features described with
regard to the channels may apply to the grooves. In more detail, the channels are
confined by the surfaces of the respective helical groove and a surface of a coun-
terpart. If the groove portion is disposed on the inner circumferential surface of
the mounting portion, the surface of the counterpart is the outer circumferential
surface of the valve shaft. Vice versa, if the groove portion is disposed on the
outer circumferential surface of the valve shaft, the surface of the counterpart is

the inner circumferential surface of the mounting portion.

With the grooves being helical, their total length and their total surface is larger
compared to straight channels. Therefore, the importance of boundary effects is
increased which helps to ensure the laminar flow inside the helical grooves. Fur-
thermore, the wear due to axial displacement of the piston rod is evenly distributed
in the circumferential direction. This would not be the case with straight grooves

along the axial direction.

Parallel helical grooves have the same helical pitch. Therefore, different helical
grooves do not cross each other. Thus, a more uniform flow of fluid in each helical
groove is ensured. At least two helical grooves are provided in order to obtain flow

force symmetry for better concentricity and less wear.

If the groove portion is located at the outer circumferential surface of the valve

shaft, the groove portion may correspond to the engagement portion.

The helical grooves may occupy at least 20 % of the circumferential surface of
the groove portion. For example, the helical grooves may occupy at least 20 % of
the inner circumferential surface of the mounting portion within the groove portion,
if the groove portion is located at the inner circumferential surface of the mounting
portion, or the helical grooves may occupy at least 20 % of the outer circumferen-

tial surface of the valve shaft within the groove portion, if the groove portion is
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located at the outer circumferential surface of the valve shaft. More preferably,
the helical grooves occupy at least 25 % of the groove portion, even more prefer-

ably at least 30 %, most preferably at least 50 %.

In a more preferred embodiment of the present invention, all helical grooves are
equally spaced apart in the circumferential direction. This also helps to avoid im-
balances and undesired moments and a risk of jamming of the valve shaft is re-

duced.

More preferably, a length of the groove portion in the axial direction corresponds
to at least 20 % of a length of the valve shaft in the axial direction, more preferably
at least 35 %, most preferably at least 50 %. Additionally or alternatively, the
length of the groove portion may be equal to or less than 50 mm, more preferably

less than 25 mm. By this, the size of the check valve unit can be kept small.

Regarding the number of the channels, it is referred to above. Specifically, a num-
ber of parallel helical grooves may be between 5 and 25. With an increasing num-
ber of parallel helical grooves, a better distribution of the flow through the helical
grooves and the corresponding forces in the circumferential direction is achieved.
This leads to better concentricity and less and more evenly distributed wear be-
tween the valve shaft and the mounting portion. If the groove portion is provided
at the valve shaft, the more helical grooves are provided maintaining the total area
of cross-section, the less the valve shaft is mechanically weakened by the helical

grooves.

In detail, the depth of the helical grooves is in the range from 0,1 mm to 1 mm.
Additionally or alternatively, the depth of the helical grooves is in the range from
1 % to 5 % of the piston diameter. The depth may be defined along a radial direc-
tion perpendicular to both the axial direction and the circumferential direction.

Hence, the helical grooves are flat enough to exhibit laminar flow of fluid but can
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be easily manufactured. Furthermore, these dimensions are suitable for adequate

manufacturing tolerances and expected possible eccentricity.

More preferably, the width of the helical grooves in the circumferential direction is
in the range from 0,15 mm to 1,5 mm. Additionally or alternatively, the depth of
the helical grooves is in the range from 1,5 % to 7,5 % of the piston diameter of
the valve shaft. Hence, the helical grooves are narrow enough to exhibit laminar

flow of fluid but can be easily manufactured.

As the dimensions of the helical grooves are large compared to the manufacturing
tolerances, there is only a low sensitivity of the damping characteristics to the
manufacturing tolerances. The helical grooves are deeper than the possible ec-
centricity and hence the damping characteristics are less influenced by undesired
eccentricity of the valve shaft and/or the mounting portion. This further supports

well-defined damping characteristics.

According to yet another more preferred aspect of the present invention, a differ-
ence between the piston diameter and the inner circumference of the mounting
portion is in the range from 0,05 mm to 0,15 mm. Additionally or alternatively, the
difference between the piston diameter and the inner circumference of the mount-
ing portion is in the range from 0,4 % to 0,8 % of the piston diameter. Therefore,
the expected tolerances and the possible eccentricity are sufficiently taken into

account.

In a more preferred embodiment of the present invention, the outside is in fluid
connection with a distal end opening of each helical groove facing towards the
distal end of the valve shaft and the damping reservoir is in fluid connection with
a proximal end opening of each helical groove facing away from the distal end of

the valve shaft. This ensures proper fluid flow and damping characteristics.
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More preferably, a number of helical turns of the helical grooves is an integer. If
there is, due to eccentricity, a first zone with a minimum distance between the
outer circumferential surface of the valve shaft in the engagement portion and the
diameter of the inner circumferential surface of the mounting portion and a second
zone with a maximum distance between the outer circumferential surface of the
valve shaft in the engagement portion and the inner circumference of the mount-
ing portion due to eccentricity, fluid flowing through the helical grooves will have
to pass through the first zone and through the second zone for the same number

of times.

Additionally or alternatively, the number of helical turns of the helical grooves is
in the range from 1 to 10, most preferably in the range from 1 to 3, in particular 1,
2, or 3. With more helical turns, the helical grooves are more difficult to produce
and it is more difficult to provide a sufficient number of grooves. If the helical
grooves do not exhibit enough helical turns, for example less than one complete
helical turn (i.e., if the helical groove does not wind at least 360° in the circumfer-
ential direction along its entire length), the resulting damping behavior may not be

satisfying.

In a more preferred embodiment, a radial gap is provided between the outer cir-
cumferential surface of the valve shaft and the surrounding shaft bearing body
outside the area of engagement. In particular, the gap may be provided distally

and/or proximally from the area of engagement

According to a more preferred embodiment of the present invention, the groove
portion is located at the outer circumferential surface of the valve shaft. With this
embodiment, the helical grooves can be easily machined on said outer circumfer-
ential surface before the valve shaft is inserted into the valve body. This facilitates

the productions and reduces the manufacturing costs. Furthermore, the mass of
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the valve shaft is reduced by the helical grooves. This is beneficial for short close

and opening times.

Most preferably, the groove portion corresponds to the engagement portion and
the diameter of the outer circumferential surface in the groove portion is larger
than the diameter of the outer circumferential surface of the valve shaft in the
middle part of the valve shaft, said middle part being located in the axial direction
between the groove portion and the valve head. The middle part does not directly
engage with the mounting portion. Correspondingly, the gap is provided between
the outer circumferential surface of the valve shaft in the middle part and the sur-
rounding shaft bearing body. The gap is configured to allow fluid to flow between
the distal ends of the helical grooves and the outside of the shaft bearing body. In
this configuration, the groove portion does not need to extend into the outside of
the shaft bearing body but nevertheless the fluid can flow into and out of the hel-

ical grooves.

Additionally or alternatively, the check valve unit is configured so that the groove
portion (which corresponds to the engagement portion) remains completely inside
the shaft bearing body, in particular within the mounting portion, independently
from the axial position of the valve shaft. The size of the area of engagement is
hence independent of the axial position of the valve shaft. Furthermore, fluid flow-
ing between the damping reservoir and the outside has to pass the total length of

the helical grooves independently from the axial position of the valve shaft.

In another more preferred embodiment of the present invention, the groove por-

tion is located at the mounting portion.

Similar to the embodiment described above, in order to constitute the gap, the
diameter of the outer circumferential surface of the valve shaft in the engagement

portion may be larger than in the middle part of the valve shaft, the middle part
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being distally adjacent to the engagement portion in the axial direction. In partic-

ular, the middle part may extend up to the valve head.

Most preferably, in the respective embodiments mentioned, the diameter of the
outer circumferential surface in the middle part of the valve shaft is smaller than
the diameter of the outer circumferential surface in the engagement portion by at
least 100 % of the depth of the helical grooves, extraordinarily preferred by at
least 200 % of the depth of the helical grooves. Hence, the gap is large enough

for not impairing fluid flow severely.

Alternatively or additionally, in order to constitute the gap, the diameter of the
inner circumferential surface in the groove portion may be smaller than a diameter
of the inner circumferential surface of the interior of the shaft bearing body in a
distal part of the shaft bearing body, said distal part being located in the axial
direction between the groove portion and a distal end of the interior of the shaft

bearing body.

Most preferably, the check valve unit is configured that the groove portion remains
engaged over its complete axial length with the valve shaft independently from
the axial position of the valve shaft. Thus, fluid flowing between the damping res-
ervoir and the outside has to pass the total length of the helical grooves inde-

pendently from the axial position of the valve shaft.

According to another preferred embodiment of the present invention, the check
valve includes an insert, wherein the channels are formed by the insert. In partic-
ular, the channel may comprise the channel portion. For example, the insert may

be of an at least substantially cylindrical shape.

The insert may be press-fit to the check valve unit, in particular to a receiving

portion of the check valve unit. Hence, the insert as such is produced separately.
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This considerably facilitates the production of the channels. Alternatively, the in-

sert may be fixed to the check valve unit by means of threads.

According to a more preferred embodiment, the insert is fixed within the valve
shaft. Correspondingly, the valve shaft includes the receiving portion for the in-
sert. Most preferably, the insert is arranged at a distal end of the cavity within the
valve shaft. For example, the insert may be press-fit into the distal end of the
cavity. For each channel, a distal end of the channel may be in fluid connection
with the outside and a proximal end of the channel may be in fluid connection with
the damping reservoir. For example, the proximal ends of the channels open di-
rectly into the damping reservoir. A conduit may be provided in the valve shaft in
series with the channels for establishing the fluid connection between the outside
and the distal openings of the channels. The conduit may extend in the radial

direction.

According to another, more preferred embodiment, the insert is fixed directly to
and within the shaft bearing body (for example by press-fit as noted above).
Hence, the shaft bearing body comprises the receiving portion in this case. Even
more preferably, the insert is arranged at a proximal end of the damping reservoir.
For each channel, a proximal end of the channel may be in fluid connection with
the outside and a distal end of the channel may be in fluid connection with the
damping reservoir. For example, the distal openings of the channels open directly
into the damping reservoir. A conduit may be provided in the shaft bearing body
in series with the channels for establishing the fluid connection between the out-
side and the proximal openings of the channels. The conduit may extend in the

axial direction.
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Most preferably, a hydraulic diameter of the conduit is considerably larger (for
example by more than 50 %) than a sum of the hydraulic diameters of all chan-
nels. Hence, the conduit has no significant influence on the damping characteris-

tics of the check valve unit.

In a more preferred embodiment, the channels extends parallel to the axial direc-
tion. In other words, the longitudinal direction of each channel is parallel to the

axial direction.

More preferably, channels are formed completely inside the insert. The individual
channels may be of a rectangular (for example quadratic) shape or a round (for
example circular, elliptic, oval) shape. Different channels may be of different
shapes or all channels may be of the same shape. The channels may be distrib-
uted in a regular pattern within the insert. In particular, all channels may be formed

completely inside the insert.

Furthermore, channels may be formed by empty spaces between solid rods of the
insert extending along the axial direction. For example, the insert may comprise
an outer wall having a sleeve-like shape and extending in the axial direction and
several cylindrical rods arranged parallel to the axial direction radially inside the
outer wall. The rods may be fixed into the outer wall by press-fit. It is also possible
to mount several rods, for example such cylindrical rods, parallel to the axial di-
rection directly within the guiding part (i.e. without additional outer wall), for ex-

ample by press-fit. In this case, the plurality of rods constitute the insert.

More preferably, the channels are formed by grooves on a radially outer surface
of the insert (i.e. an outer surface of the insert seen in the radial direction). In this
case, each channel is confined by surfaces of the respective groove and a surface

of the receiving portion facing the groove.
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In particular, the channels may be formed by straight grooves, which are parallel
to the axial direction. An insert comprising such straight grooves can be produced
reliably, fast, and cost-efficient. The straight grooves may be equally distributed

on the radially outer surface of the insert.

Alternatively, channels are formed by helical grooves on the radially outer surface
of the insert. Said helical grooves on the radially outer surface may be formed like
the helical grooves in the groove section described above. The advantages of
helical grooves are evident from above. However, it is more difficult and more
expensive to manufacture helical grooves than straight grooves. Most preferably,

all channels are formed by helical grooves on the radially outer surface

In general, depending on the individual requirements for different check valve
units, identical check valve units but different inserts can be produced. Hence, the
check valve unit exhibiting specific damping characteristics can be manufactured
by producing the specific insert configured to exhibit said desired damping char-
acteristics when being properly fixed to the check valve unit and then fixing this
insert to the check valve unit. In particular, the damping characteristics of the
check valve unit are determined by the number and/or the shape of the channels

of the insert.

Where an insert is used, a difference between an outer circumferential diameter
of the insert and an inner circumferential diameter of the receiving portion before
mounting the insert may be about 0,5 %, but at least less than 0,7 %. If channels
are formed on the radially outer surface of the insert, said diameter difference

may be less than 40 % of the depth of the channels.

The check valve unit may also comprise two inserts. For example, it may comprise
a first insert being fixed within the valve shaft and being arranged at the distal end

of the cavity within the valve shaft and a second insert being fixed directly to and
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within the shaft bearing body and being arranged at the proximal end of the damp-

ing reservorr.

Accordingly, the invention also relates to the use of the insert having at least two
parallel channels in the check valve unit in order to obtain predetermined damping
characteristics of the check valve unit. In particular, the insert and/or the check
valve may comprise the features and advantages as described above and/or be-

low.

Preferably, the check valve unit further comprises a valve seat, wherein the seal-
ing surface of the valve head sealingly abuts the valve seat when the valve shaft
is in the closing position and wherein the sealing surface is displaced away from
the valve seat when the valve shaft is displaced in the axial direction away from
the closing position. In other words, the check valve unit is closed when the valve
shaft is in its closing position and the check valve unit is open when the valve
shaft is not in its closing position. The fluid is prevented from flowing through the
check valve unit when the valve shaft is in its closing position. However, the fluid
can flow through the check valve (in particular pass between the sealing surface

and the valve seat) if the valve shaft is not in the closing position.

A shape of the valve seat may be adapted to the shape of the sealing surface
(and/or vice versa). Examples for the shape of the sealing surface are mentioned

above.

More preferably, the check valve unit comprises a housing including the valve
seat, wherein the shaft bearing body is fixed to the housing. Most preferably, the
valve seat and the shaft bearing body are formed integrally with the housing.
Hence, the ruggedness and compactness of the check valve unit are improved.

In particular, the housing can be manufactured by 3D printing. For example, the
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housing and/or the shaft bearing body can be metal printed. The metal may com-

prise or consist of titanium, aluminum, and steel.

According to another aspect of the present invention, the check valve unit more
preferably exhibits stable partial opening at least down to 15 % of the rated mass
flow of the check valve unit, most preferably down to 10%. As mentioned below,
known check valve units without the well-defined damping characteristics accord-

ing to the present invention are prone to oscillations if they are only partially open.

More preferably, the check valve unit is a straight flow valve. Therefore, the flow
of the fluid during operation does not need to be deflected and the flow resistance
of the open check valve unit is decreased. Apart from that, the straight flow valve
configuration needs less space and is easier to include in fluid circuits, for exam-

ple a refrigerant circuit.

For example, the check valve unit according to the present invention can be used
for protecting a centrifugal compressor. The check valve unit may be part of the
compressor. Alternatively, the check valve unit may be provided outside the com-

pressor, for example in an outlet pipe connected to an outlet of the compressor.

Preferred embodiments of the invention will now be described with reference to

the drawings, in which:

Fig. 1  shows a cross-sectional view of a first embodiment of a check valve unit
according to the present invention with a housing comprising a valve
seat in an open state, wherein the channels are formed by helical
grooves in a groove portion which is located at an outer circumferential

surface of a valve shaft;
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shows a perspective view a valve shaft of the check valve unit of Fig. 1,

wherein ten helical grooves are provided in the groove portion;

shows a cross-sectional view of a second embodiment of a check valve
unit according to the present invention with a drain hole, wherein the
channels are formed by helical grooves in a groove portion which is lo-

cated at an inner circumferential surface a shaft bearing body;

shows a cross-sectional view of the shaft bearing body of the check

valve unit of Fig. 3 without a valve shaft assembly;

shows a perspective view of a valve shaft of the check valve unit of Fig.
3;
shows a cross-sectional view of a third embodiment of a check valve unit
according to the present invention with an insert comprising a plurality
of channels, wherein the insert is fixed directly to and within the shaft

bearing body and is arranged at a proximal end of the damping reservoir;

shows a cross-sectional view of a fourth embodiment of a check valve
unit according to the present invention with an insert comprising a plu-
rality of channels, wherein the insert is fixed within the valve shaft and is

arranged at a distal end of a cavity within the valve shaft;

shows a perspective view of a first embodiment of an insert that can be
used in the embodiments according to Fig. 6 and Fig. 7, the insert com-
prising a plurality of channels extending in parallel through the channel,
wherein most of the channels have a rectangular cross-section perpen-

dicular to an axial direction;
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shows a perspective view of a second embodiment of an insert that can
be used in the embodiments according to Fig. 6 and Fig. 7, the insert
comprising a plurality of channels extending in parallel through the chan-
nel, wherein the channels are formed between cylindrical rods, wherein

the rods are fixed in an outer sleeve of the insert;

shows a cross-sectional view of a fifth embodiment of the of a check
valve unit according to the present invention, wherein the channels are
formed by straight grooves located at a radially outer surface of an insert,
wherein the insert is fixed directly to and within the shaft bearing body

and is arranged at the proximal end of the damping reservoir;

shows a perspective view of the insert of the embodiment of Fig. 10 in a

perspective view; and

shows a magnified section of Fig. 10 with the insert.

Fig. 1 shows a cross-sectional view of a first embodiment of a check valve unit 1

according to the present invention with a housing 80 comprising a valve seat 81

and a body holder 82. Both the valve seat 81 and the body holder 82 are integrally

formed with the housing 80. In more detail, the body holder 82 is connected to an

outer wall of the housing 80 by three support arms 86. Due to the view, only two

of the support arms 86 are visible in Fig. 1.

The housing 80 with the body holder 82 is produced by metal printing. For exam-

ple, it can be made of titanium, titanium alloy, aluminum, aluminum alloy, and/or

steel. In particular, it can be made of AISI 316.

In an interior of the housing 80, a shaft bearing body 10 is fixed to the body holder

82. A substantially rod-shaped interior is provided in the shaft bearing body 10.
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The shaft bearing body 10 extends along a central axis C and is rotationally sym-
metric to said central axis C. The central axis C is parallel to an axial direction A.
An opening of the interior to an outside 70 is located in the axial direction A at a

distal end of the shaft bearing body 10 and faces towards the valve seat 81.

A proximal side of a valve shaft 20 is inserted into the interior of the shaft bearing
body 10. In this embodiment, an inner circumferential surface of the shaft bearing
body 10 delimiting the interior in a radial direction perpendicular to the axial direc-
tion A acts as a mounting portion 11 for holding the valve shaft 20 in the shaft
bearing body 10. In particular, the mounting portion 11 holds and guides the valve
shaft 20 such that it is displaceable in the axial direction A between a closing
position and a fully opened position of the valve shaft 20, said fully opened posi-

tion being depicted in Fig. 1.

In the proximal side of the valve shaft 20, which is inserted into the shaft bearing
body 10, a substantially rod-shaped cavity 27 is formed in the valve shaft 20. The
cavity 27 opens at a proximal end 22 of the valve shaft 20. The cavity 27 and a
proximal end portion of the interior of the shaft bearing body 10 are hence in fluid
connection and form a damping reservoir 50. A compression spring 60 is mounted
between a distal end of the cavity 27 in the axial direction A and a spring seat 51.
The spring seat 51 is disposed at a proximal end of the interior of the shaft bearing
body 10. The spring 60 forces the valve shaft 20 in the axial direction A towards
the valve seat 81. For example, a spring constant of the spring 60 may be 0,01

N/mm.

A valve head 25 is disposed at a distal end 21 of the valve shaft 20. In this em-
bodiment, the valve head 25 consists of a distal flange 23 of the valve 20 formed
integrally with the latter and extending in the radial direction, a head cap 34, a
sealing holder 31, a sealing element 32, and a screw 35. The sealing element 32

iIs a sealing ring exhibiting a sealing surface 33 for sealingly abutting the valve
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seat 81 when the valve shaft 20 is in the closing position. In particular, the sealing

surface 33 of the embodiment of Fig. 1 has the shape of an annular line.

The head cap 34 is fixed to the distal end 21 of the valve shaft 20 by means of
the screw 35. The screw 35 is threaded into a corresponding threaded hole. Said
threaded hole is disposed in the middle of the distal end 21 and proximally extends
along the central axis C. The head cap 34 is configured for guiding fluid from a
fluid inlet 83 of the check valve unit 1 to the flow passage 85 when the check valve

unit 1 is open.

The sealing element 32 is fixed between the head cap 34 and the sealing
holder 31. The sealing holder 31 is fixed to an outer radial end of the distal
flange 23 of the valve shaft 20. By this, a valve shaft assembly comprising the
valve shaft 20, the sealing holder 31, the sealing element 32, head cap 34, and
the screw 35 can be assembled in an easy, quick, and cost-efficient manner. The

valve shaft assembly includes the moving parts of the check valve unit 1.

In this specific embodiment, the valve shaft assembly is made of aluminum and
Polytetrafluoroethylene (PFFE) and has a total mass of 0,01 kg. Hence, if the
check valve unit is installed in a vertical orientation as depicted in Fig. 1, a gravi-
tational force of approximately 0,1 N supports the resilient force of the spring 60

in closing the check valve unit 1.

If it is not certain in which spatial orientation the check valve unit 1 will be installed
and/or used, a restoring force of the spring 60 must be sufficient to keep the valve
shaft assembly reliably in the closing position independent of said spatial orienta-
tion when there is no pressure drop in a forward flow direction. In particular, if the
check valve unit 1 is installed upside down compared to the orientation shown in
Fig. 1, the spring 60 has to overcome the gravitational force of 0,1 N of the valve

shaft assembly. In order to keep the check valve unit 1 reliably closed when there
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iIs no pressure drop in the forward flow direction, the resilient force of the spring
60 may, for example, correspond to 130 % of the gravitational force (i.e. 0,13 N
in the given example) when the check valve unit 1 is in closed. If the valve shaft
assembly is moved away from its closing position, the resilient force of the spring
60 increases according to its spring constant. When the valve shaft assembly is
in its fully opened position, the resilient force of the spring 60 may be, for example,
about 0,2 N.

Fig. 2 shows the valve shaft 20 of the check valve unit 1 of Fig. 1 in a perspective
view. At the proximal end 22 of the valve shaft 20, the cavity 27 can be seen. At
the proximal side of the valve shaft 20, a groove portion 40 is provided at an outer
circumferential surface of the valve shaft 20. Within the groove portion 40, ten
helical grooves 41 are provided at the outer circumferential surface. Each of the
helical grooves 41 exhibits two helical turns. In other words, each helical groove
41 winds two times around the valve shaft 20. Seen in the axial direction A, each
helical groove 41 comprises an inner end opening at the proximal end 22 of the
valve shaft 20 and an outer end opening facing towards the distal flange 23 of the
valve shaft 20. Hence, the outer end opening constitutes a distal end of the re-

spective helical groove 41.

The valve shaft 20 comprises a middle part 26 between the groove portion 40 and
the distal flange 23. In the middle part 26, the diameter of the outer circumferential
surface of the valve shaft 20 is smaller than in the groove portion 40 by an amount
corresponding to a depth of the helical grooves 41. Hence, there is no edge or

step for fluid flowing into or out of the outer end openings of the helical grooves 41.

As mentioned above, the proximal side of the valve shaft 20 with the groove por-
tion 40 is inserted into the shaft bearing body 10 (see Fig. 1). Due to the reduced
radial thickness of the valve shaft 20 in its middle part 26, a gap 90 is formed

between the inner circumferential surface of the shaft bearing body 10 and the
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outer circumferential surface of the valve shaft 20 in the middle part 26. The
gap 26 constitutes a fluid connection between the outside 70 of the shaft bearing
body 10 and the distal ends of the helical grooves 41, namely their outer end
openings. The cross-sectional area of the gap 90 perpendicular to the axial direc-
tion A is considerably larger than a total area of cross-section of all helical
groves 41 perpendicular to the axial direction A. Therefore, there is no influence
or at least no significant influence of the gap 90 on the damping characteristics of

the check valve unit 1.

As the diameter of the outer circumferential surface of the valve shaft 20 is larger
in the groove portion 40 than in the middle part 26, the groove portion 40 corre-

sponds to an engagement portion of the valve shaft 20.

Independent of the axial position of the valve shaft 20, even when it is in its closing
position, the groove portion 40 always remains completely in the interior of the
shaft bearing body 10. In all axial positions of the valve shaft 20, the groove por-
tion 40 (engagement portion) remains engaged with the shaft bearing body 10
over the whole length of the groove portion 40. In particular, over the complete
range of axial motion of the valve shaft 20, the complete groove portion 40 is
guided in a sliding area of the inner surface of the shaft bearing body (mounting
portion 11), wherein the diameter of the inner circumferential surface of the shaft

bearing body 10 is constant within the mounting portion 11.

Accordingly, independent of the axial position of the valve shaft 20, fluid flowing
between the damping reservoir 50 and the outside 70 of the shaft bearing body 10
has to pass through the entire length of the helical grooves 41. The helical grooves
41 never protrude out of the interior of the mounting portion 11. Therefore, the
damping effect of the helical grooves 41 and the damping characteristics of the
check valve unit 1 are independent from the axial position of the valve shaft 20

and hence of the axial position of the valve head 25.
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In other word, each helical groove 41 constitutes a single channel for the fluid and
constitutes a fluid connection between the damping reservoir 50 and an out-
side 70.

As the inner circumferential surface of the shaft bearing body 10 in the mounting
portion 11 slidably mounts the groove portion 40 (which therefore also constitutes
the engagement portion of the valve shaft 20), said inner circumferential surface
may be denoted as counterpart surface of the groove portion 40 and the helical
grooves 41. Each single channel is formed by the respective helical groove 41,
wherein the channel is confined by side surfaces of the helical groove 41 and is

covered by the counterpart surface facing said helical groove 41.

The helical grooves 41 are arranged in parallel such that the fluid passes all heli-
cal grooves 41 in parallel at the same moment when flowing between the damping
reservoir 50 and the outside 70. In other word, the fluid flow between the damping

reservoir 50 and the outside 70 is split up into all parallel helical grooves 41.

In Fig. 1, the axial direction A is parallel to a direction of gravity. Hence, gravity
forces the moving parts of the check valve unit 1 towards the valve seat 81. The
gravitational force of the valve shaft assembly helps to close the check valve unit
1.

It has to be noted that the shaft bearing body 10, the valve shaft 20, and the valve
head 25 are at least substantially rotationally symmetric. This facilitates the man-

ufacture of the check valve unit 1.

If the check valve unit 1 is an open state, for example in the fully open state de-
picted in Fig. 1, fluid can enter the check valve unit 1 through the fluid inlet 83 of

the housing 80, pass between the valve seat 81 and sealing surface 33 and further
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through a flow passage 85 constituted between an outer wall of the housing 80
and an outer wall of the body holder 81 to a fluid outlet 84 of the housing 80. Said
flow passage 85 extends round about the body holder 82. Seen in a circumferen-
tial direction perpendicular to the axial direction A, the flow passage 85 is only

interrupted by the three support arms 86.

The desired forward flow direction for the fluid from the fluid inlet 83 to the fluid

outlet 84 is substantially parallel to the axial direction A.

The check valve unit 1 depicted in Fig. 1 is a straight flow valve. It is compact and

exhibits low flow resistance for fluid flowing through it in the forward flow direction.

It is evident from Fig. 1 that the proximal side of the valve head 25, in particular a
proximal side of the sealing holder 31, fittingly abuts on a distal end of the outer
wall of the body holder 82 in the fully opened position (i.e. when the check valve
unit 1 is fully open). No gap, edge, or step but a smooth transition is obtained
between the valve head 25 and the outer wall of the body holder 82, said outer

wall constituting an inner wall of the flow passage 85.

The valve head 25, the body holder 82 (disregarding the support arms 86), and
the outer wall of the shaft bearing body 10 together form an at least substantially
drop-shaped unit when the check valve unit 1 is fully open. Therefore, the flow
resistance for fluid flowing through the check valve unit 1 from the fluid inlet 83 to

the fluid outlet 84 is very small. This is beneficial for energy-efficient fluid circuits.

If a force of the fluid in the axial direction A to (keep) open the check valve unit 1,
in particular caused by an upstream-side pressure, is lower than the sum of the
resilient force of the spring 60 and the gravitational force of the valve shaft as-
sembly, the valve shaft assembly moves in the axial direction A towards its closing

position or remains in the closing position.
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If the check valve unit 1 is in the closed state and if the upstream-side pressure
is high enough that its resulting force acting on the head cap 34 exceeds the
resilient force of the spring 60, the gravitational force of the valve shaft assembly,
and a force due to a downstream-side pressure in the flow passage 85 (if any),
then the valve shaft assembly is moved in the axial direction A away from its
closing position. Hence, the sealing surface 33 is lift off from the valve seat 81
and fluid can pass between the sealing element 32 and the valve seat 81. In this

way, the check valve unit 1 opens.

Due to its configuration with several (namely ten) helical grooves 41, the check
valve unit 1 exhibits well-defined damping characteristics for movement of the

valve shaft assembly.

If the valve shaft 20 moves in the axial direction A, a volume of the damping res-
ervoir 50 is changed. To compensate for the volume change, fluid has to flow into
the damping reservoir 50 from the outside 70 or, vice versa, to flow from the
damping reservoir 50 to the outside 70. Fluid flowing between the damping reser-
voir 50 and the outside 70 of the shaft bearing body 10 is pressed through the
helical grooves 41. As the fluid has a predetermined viscosity, this requires a cer-
tain force. In this way, a damping force counteracting movement of the valve shaft

20 in the axial direction A is exhibited.

In the groove portion 40, the ten helical grooves 41 occupy 50 % of the outer
circumferential surface of the valve shaft 20. Accordingly, the single grooves 41

are very small.

In the embodiment shown in Fig. 1 and 2, for example, the depth of the helical

grooves may be 0,2 mm. This means, that each helical grooves extends 0,2 mm
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in the radial direction towards the center line C starting from the outer circumfer-
ential surface of the valve shaft 20 in the groove portion 20. The valve shaft 20 is
slidably mounted by the areas of the groove portion 40 between adjacent helical
grooves 41. These ungrooved areas in the groove portion 40 hence constitute the

sliding surface for mounting the valve shaft 20 within the mounting portion 11.

For example, in the embodiment shown in Fig. 1, a width of the single helical

grooves 41 in the circumferential direction may be 0,5 mm.

As the respective helical grooves 41 are small, boundary effects are of consider-
ably importance if fluid is pressed through the helical grooves 41 due to movement
of the valve shaft 20 in the axial direction A. In particular, the Reynolds number
for fluid flow between the valve shaft 20 and the shaft bearing body 10 is less than
2300. Accordingly, the damping force is proportional to the absolute value of a
velocity of the movement of the valve shaft 20 in the axial direction A. This damp-
ing characteristic can only be obtained by providing several but small helical
grooves 41 and by the helical grooves 41 occupying at least a considerable

amount of the outer circumferential surface in the groove portion 40.

In particular, the damping force is not proportional to the velocity of the movement

of the valve shaft 20 in the power of two as in other, known check valve units.

Therefore, fast movements of the valve shaft assembly are not exceedingly
damped. With the well-defined damping characteristics, the low mass of the valve
shaft assembly, the spring 60, and the gravitational force of the valve shaft as-
sembly, the check valve unit 1 closes in less than 0,2 s if fluid is going to flow in

a backward flow direction against the desired forward flow direction.

For example, in order to close the check valve unit 1, the valve shaft assembly

might accelerate to a maximum velocity in 0,002 s. Then it is damped to at least
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nearly maintain the maximum velocity of 0,1 m/s. This results in a closing time of
about 0,1 s.

On the other hand, as the damping force is proportional to the absolute value of
the velocity of the valve shaft 20, sufficient damping force is exhibited even in
cases of slow movements. In particular, the check valve unit 1 is not prone to
oscillations if it is only partially open. Furthermore, the check valve unit 1 is not

prone to instable opening or closing.

Fig. 3 shows a second embodiment of a check valve unit 100 according to the
present invention, wherein a groove portion 140 with helical grooves 141 is lo-
cated at an inner circumferential surface of a shaft bearing body 110. Apart from
that, the check valve unit 100 basically corresponds to the check valve unit 1 de-
scribed above. Components of the check valve unit 100, which correspond to
those of the check valve unit 1 shown in Fig. 1 and Fig. 2, are denoted by the

same reference signs and are not explained again.

Fig. 5 shows a valve shaft 120 of the check valve unit 100 in a perspective view.
In this embodiment, no groove portion is provided at the valve shaft 120. At the
proximal end 22 of the valve shaft 120, the cavity 27 can be seen. At a proximal
side of the valve shaft 120, an engagement portion 128 is provided. Seen in the
axial direction A, the engagement portion 128 extends from the proximal end 22
up to the middle part 26 of the valve shaft 120. As in the groove portion 40 of the
check valve unit 1 (which also constitutes the engagement portion of the valve
shaft 20 of the check valve unit 1), the diameter of the outer circumferential sur-
face of the valve shaft 120 is larger in the engagement portion 128 than in the
middle part 26.

A valve head 125 is disposed at a distal end 21 of the valve shaft 120. In particu-

lar, an annular, substantially frusto-conical sealing element 132 fixed to the distal
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end 21 of the valve shaft 120. The valve shaft 120 and the sealing element 132
constitute a valve shaft assembly of the check valve unit 100. The sealing element
132 exhibits a sealing surface 133. If the valve shaft assembly is in a closing
position such that the check valve unit 100 is closed as in Fig. 3, the sealing

surface 133 sealingly abuts the valve seat 81 of the housing 80.

In the check valve unit 100, a flow passage 185 is provided between the shaft

bearing body and a wall of a housing 180.

Referring to Fig. 3 and Fig. 4, in the check valve unit 100, a groove portion 140
with four helical grooves 141 is disposed on the inner circumferential surface of
the mounting portion 11. In this case, the groove portion 140 corresponds to the
mounting portion 11. The helical grooves 141 exhibit the same functionalities and
advantages as the helical grooves 41 of the check valve unit 1. However, the
valve shaft 120 of the check valve unit 100 is easier to manufacture than the valve

shaft 20 of the check valve unit 1.

In particular, each helical groove 141 forms a single channel constituting a fluid

connection between the damping reservoir 50 and an outside 70.

As the outer circumferential surface of the valve shaft 120 in the engagement
portion 128 is slidably engaged with the mounting portion 11 and hence the
groove portion 140, said outer circumferential surface of the engagement por-
tion 128 may be denoted as counterpart surface of the groove portion 140 and
the helical grooves 141. Each single channel is formed by the respective helical
groove 141, wherein the channel is confined by side surfaces of the respective
helical groove 141 and is covered by the counterpart surface facing said helical

groove 141.
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When the valve shaft assembly is in an opened position, a gap is constituted be-
tween the inner circumferential surface of the mounting portion 11 and the outer

circumference of the valve shaft 120 in the middle part 26 (not shown).

It is recognized from Fig. 3 that the engagement portion 128 of the valve shaft 120
is always in contact with a mounting portion 11 over its whole length (the whole
length of the engagement portion 128). Although an area of engagement between
the engagement portion 128 and the mounting portion 11 displaces when the
valve shaft 120 is moved, a size of the area of engagement is independent of an
axial position of the valve shaft 120. Hence, the damping characteristics are in-

dependent from said axial position as well.

A drain hole 112 is provided at a proximal end of the shaft bearing body 110. The
drain hole 112 extends in the axial direction A through a wall of the shaft bearing
body 110. It establishes a fluid connection from the damping reservoir 50 to the
outside 70 of the shaft bearing body 110. The check valve unit 100 depicted in
Fig. 3 is installed in a vertical configuration but upside down compared to the
check valve unit 1 in Fig. 1. Hence, the gravitational force of the valve shaft as-
sembly works against the resilient force of the spring 60. On the other hand, due
to gravity, oil which has entered the damping reservoir 50 through the helical
grooves 141 gathers at a lower, proximal end of the damping reservoir 50 where
an inner opening of the drain hole 112 opens into the damping reservoir 50. If the
valve shaft assembly moves proximally such that the check valve unit 100 opens
or opens further, the volume of the damping reservoir 50 is decreased and the oil
gathered is squeezed out of the damping reservoir 50 to the outside 70 through
the drain hole 112. Hence, the damping characteristics of the check valve unit
100 are not impaired by oil. A corresponding drain hole can be provided in the

shaft bearing body 10 of the check valve unit 1 in the same manner (not shown).



10

15

20

25

WO 2020/187474 PCT/EP2020/052011
42

The actual length of each helical groove 41, 141 along its path is at least ten times
a hydraulic diameter of the channel formed by said groove 41, 141, more prefer-

ably at least 25 times, more preferably at least 50 times.

An hydraulic diameter dy of an individual one of the channels is calculated from
the cross-sectional area Ac of the channel an inner circumference O of said chan-

nel as follows: dy = 4*A./O¢.

As the channels are covered by the respective counterpart surface in the embod-
iments described above, a respective portion of the counterpart surface covering
the individual helical groove 41, 141 has to be considered when calculated the
hydraulic diameter dy of the channel formed by the respective helical groove 41,

141, in particular for calculating the inner circumference O¢ of this channel.

The check valve unit 100 exhibits similar damping characteristics as the check

valve unit 1 and the corresponding advantages apply accordingly.

Fig. 6, Fig. 7, and Fig. 10 show further embodiments of check valve units 200,
300, 400 according to the present invention. The check valve units 200, 300, 400
are of the same basic structure and exhibit similar damping characteristics as the
check valve unit 100. The corresponding advantages apply accordingly. Identical
elements are denoted by the same reference signs. However, in the check valve
units 200, 300, 400, the channels are formed in other ways than in the check valve
unit 100.

A third embodiment of a check valve unit 200 according to the present invention
is depicted in Fig. 6. Different from the check valve unit 100 of Fig. 3 to 5, the
check valve unit 200 includes an insert 45 comprising a plurality of channels. The

insert 45 is fixed in a receiving portion 213 of the shaft bearing body 210 by means
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of press-fit. In more detail, the insert 45 is arranged at a proximal end of the damp-
ing reservoir 50 in the interior of the shaft bearing body 210. Seen in the axial
direction A, a conduit 49a is provided proximally to the insert 45. The conduit 49a
extends along the axial direction A between from a proximal end of the shaft bear-
ing body 210 towards the receiving portion 213 with the insert 45. It establishes a
fluid connection between the outside 70 and proximal openings of the channels
in the insert 45. Distal openings of the channels open directly into the damping
reservoir 50. In other words, the conduit 49a is provided in series with the parallel
channels of the insert. Fluid can flow from the damping reservoir 50 to the outside
70 through all channels in parallel and further through the conduit 49a (and vice

versa). In Fig. 6, the check valve unit 200 is in a closed state.

In contrast, in a fourth embodiment of a check valve unit 300 according to the
present invention according to Fig. 7, the insert 45 is fixed to a receiving por-
tion 324 within the valve shaft 21 by means of press-fit. In more detail, the in-
sert 45 is arranged at a distal end of the cavity of the valve shaft 21. A conduit 49b
is provided distally to the insert 45. The conduit 49b establishes a fluid connection
between the outside 70 and distal openings of the channels in the insert 45. Prox-
imal openings of the channels open directly into the damping reservoir 50. In other
words, the conduit 49b is provided in series with the parallel channels of the insert.
The conduit 49b substantially extends in the radial direction from the radial center
of the valve shaft and opens at the outer circumferential surface of the valve
shaft 21 in the middle part 26 of the valve shaft 21. Fluid can flow from the damp-
ing reservoir 50 to the outside 70 through all channels in parallel and further
through the conduit 49b (and vice versa). In Fig. 7, the check valve unit 300 is In

a closed state.

Like the check valve unit 100 according to Fig. 3 to Fig. 5, the check valve unit 300

shown Fig. 7 comprises an additional drain hole 112. It should be noted that a
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diameter of the drain hole 112 is much smaller than diameters of the conduits
49a, 49b.

A flow resistance of the conduits 49a, 49b is smaller than a flow resistance of the
insert 45, respectively. Hence, the conduits 49a, 49b do not impair the flow of fluid
between the damping reservoir 50 and the outside 70. In particular, there is no
significant influence of the conduits 49a, 49b on the damping characteristics of

the respective check valve unit 200, 300.

Fig. 8 shows a first embodiment of an insert 45a that can be used as the insert 45
in the check valve unit 200 according to Fig. 6 or the check valve unit 300 accord-
ing to Fig. 7. The insert 45a is of cylindrical shape and extends along a longitudinal
direction. For example, it may have a length of 20 mm along the longitudinal di-
rection. The insert 45a includes a plurality of channels 46a, which extend in par-
allel through insert 45a along the longitudinal direction. The insert 45a may com-
prise a number of 89 channels 46a, which are arranged in a matrix-like pattern.
Most of the channels have a quadratic cross-section perpendicular to the longitu-
dinal direction. In Fig. 7, some of the channels 46a near to a radially outer surface
of the insert 45a (i.e. an outer surface of the insert 45a seen in a radial direction
perpendicular to the longitudinal direction) are smaller and of different shape. The
shape and a cross-sectional area Ac of each channel 46a do not change along
the longitudinal direction. When the insert 45a is mounted as the insert 45 in Fig.

6 or Fig. 7, the longitudinal direction corresponds to the axial direction A.

However, in other embodiments, all channels may have the same shape.

The channels 46a of the insert 45a having a quadratic cross-section may have
lateral width (i.e. side lengths perpendicular to the longitudinal direction) of 0,2
mm. Hence, these channels 46a have a hydraulic diameter of 0,2 mm and a cross-

sectional area of 0,04 mm?2. As the length of all channels 46a is equal to the length
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of the insert 45a and hence 20 mm, the length of each of the quadratic-shaped
channels is 100 times the hydraulic diameter of the channel. The non-quadratic-
shaped channels have the same lengths but a smaller hydraulic diameter. Hence,

the factor is even higher for them.

Fig. 9 shows a second embodiment of an insert 45b that can be used in the check
valve unit 200 of Fig. 6 or in the check valve unit 300 of Fig. 7 as well. Similar to
the insert 45a, the insert 45b comprising a plurality of channels 46b extending in
parallel through the insert 45b along a longitudinal direction thereof. However, in
this case, the individual channels are formed by empty spaces between cylindrical
rods 47. The rods 47 are fixed within an outer sleeve 48 of the insert 45b. Hence,
the insert 45b constitutes one single unit that can be mounted in the check valve
unit 200 or the check valve unit 300. As an example, the channels 46b have a
hydraulic diameter dy of 0,1027 mm and a cross-sectional area of 0,0403 mm?2. A
length of the insert 45b and hence of the channels 46b along the longitudinal
direction may be 10 mm. Therefore, the length of each of the channels 46b is

about 100 times the hydraulic diameter of the channel 46b.

Fig. 10 shows a fifth embodiment of the of a check valve unit 400 according to the
present invention. The check valve unit 400 is very similar to the check valve unit
200 of Fig. 6. Hence, only the differences will be pointed out in the following. The
receiving portion 413 of the shaft bearing body 410 is a bit longer in the axial
direction A such that an insert 45c¢ is positioned completely inside the receiving
portion 413. The insert 45¢c does not protrude out of the receiving portion 413, in
particular not into the damping reservoir 50. The insert 45c¢ is fixed in the mounting
portion 413 by means of press-fit. Fig. 12 shows a magnified section of Fig. 10

with the insert 45c.
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In Fig. 11, the insert 45c is shown in a perspective view. The insert 45¢ has a
substantially cylindrical shape and extends a longitudinal direction. In Fig. 10, the

longitudinal direction of the insert 45c corresponds to the axial direction A.

Straight grooves 46c¢ are formed on a radially outer surface of the insert 45c (i.e.
outer surface of the insert 45¢c seen in the radial direction perpendicular to the
longitudinal direction of the insert 45c). Each straight groove 46¢ extends parallel
to the longitudinal direction and along a whole length of the insert 45c¢. In Fig. 11,
twelve straight grooves 46¢ are shown. However, there may be another number

of straight grooves 46¢, for example 20.

The straight grooves 46¢ are equally distributed on the radially outer surface.

In this example, each of the straight grooves 46¢ has a width of 0,5 mm in a cir-
cumferential direction perpendicular to the longitudinal direction and the radial
direction and a depth of 0,1 mm in the radial direction. A length of the insert 45¢

and hence of all the straight grooves 46¢ is 10 mm.

When the insert 45c is fixed within the receiving portion 413 of the check valve
unit 400 as depicted in Fig. 10 and Fig. 12, parallel channels are formed by the
straight grooves 46¢. In more detail, each channel is confined by surfaces of one
of the straight grooves 46¢ and the inner circumferential surface of the shaft bear-
ing body 410 in the receiving portion 413 facing said straight groove 46¢. There-
fore, a volume of the straight groove 46¢ constitutes the channel. The channels
serve as flow restrictions for fluid flowing between the damping chamber 50 and

the outside 70 and exhibit excellent damping characteristics.

Where an insert 45, 45a, 45b, 45c is used, a difference between an outer diameter
of the insert 45, 45a, 45b, 45¢ and an inner diameter of the receiving portion 213,

324 should be about 0,5 %. In any case, it may be 0,7 % at the maximum.
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If channels are formed by an outer circumference of an insert, said diameter dif-
ference preferably less than 40 % of a channel depth. For example, in the case
of the insert 45¢, the diameter difference is preferably less than 40 % than the
depth of the straight grooves 46¢. Hence, if the depth of the straight grooves is
0,2 mm as noted above, the diameter difference is preferably 0,08 mm at the
maximum. However, the optimum difference may also depend on the width of the
channels and/or a distance between the channels in the circumferential direction.
The larger the width and/or the distance of the channels, the larger the diameter
difference shall be. With the optimum diameter difference, the insert 45, 45a, 45b,
45c can be fixed into the receiving portion 213, 324 easily but the insert 45, 45a,
45b, 45¢c will nevertheless remain safely and reliably fixed in the receiving portion
213, 324.

The check valve unit 400 with the insert 45¢ can be manufactured in a compara-

tively cost-efficient and easy manner.

The insert 45¢ with the straight grooves 46¢ or a similar insert with straight
grooves and, optionally, with additional channels like the channels 46a of the in-
sert 45a or the channels 46b of the insert 45b can be used as insert 45 in the
check valve unit 200 and the check valve unit 300. Furthermore, regarding the
insert 45b, additional channels could be provided within one, some, or all of the

rods 47, if less fluid resistance is required.

For example, the check valve units 1, 100, 200, 300, 400 can be used in cooling
and/or refrigeration systems, respectively. Additionally or alternatively, they can
be used for centrifugal compressors, in particular for protecting centrifugal com-

pressors in the case of surge.



WO 2020/187474 PCT/EP2020/052011
48

In particular, the check valve units 1, 100, 200, 300, 400 are configured for use in
a refrigerant circuit, wherein R134a, R410a or CO2 are used as a refrigerant. In
typical operating conditions, the viscosity of R134a and R410a at the check valve
unit 1 is in the range from 10 pPa-s to 20 yPa-s. The number, shape, and the
dimensions of the helical grooves 41, 141, the channels 46a, 46b, and the straight
grooves 46¢ as well as the damping reservoir 50 of the check valve units 1, 100,
200, 300, 400 are adapted to this viscosity range in order to obtain the desired

damping characteristics, respectively.
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List of reference signs:

1, 100, 200, 300, 400
10, 110, 210, 310, 410
11

12

20, 120

21

22

23

25,125

26

27

31

32,132

33,133

34

35

40, 140

41, 141

45, 45a, 45b, 45¢
46a, 46b

46¢

47

48

49a, 49b

50

51

60

70

49

check valve unit

shaft bearing body

mounting portion
drain hole
valve shaft
distal end
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distal flange
valve head
middle part
cavity

sealing holder
sealing element
sealing surface
head cap
screw
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helical groove
insert

channel
straight groove
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outer sleeve
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damping reservoir

spring seat

spring
outside
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Claims:

1. Check valve unit (1, 100, 200, 300, 400), comprising:

a shaft bearing body (10, 110, 210, 310, 410) comprising an at least substan-

tially cylindrical mounting portion (11) extending along an axial direction (A);

a valve shaft (20, 120) mounted in the mounting portion (11), wherein the valve
shaft (20, 120) extends along the axial direction (A) and is displaceable along

the axial direction (A);

a valve head (25, 125) comprising a sealing surface (33, 133), wherein the valve
head (25, 125) is disposed on a distal end (21) of the valve shaft (20, 120) in the
axial direction (A), the distal end (21) facing away from the mounting por-

tion (11);

a damping reservoir (50) inside the shaft bearing body (10, 110, 210, 310, 410),
wherein a volume of the damping reservoir (50) is changed by movement of the
valve shaft (20, 120) with regard to the shaft bearing body (10, 110, 210, 310,
410) along the axial direction (A);

characterized in that at least two channels (46a, 46b) are provided in parallel,
each of the channels (46a, 46b) constituting a fluid connection between the
damping reservoir (50) and an outside (70), wherein the damping reservoir (50)

is, apart from the channels (46a, 46b), at least substantially enclosed, and

that each channel (46a, 46b) has a length being at least ten times a hydraulic di-

ameter of the respective channel (46a, 46b).
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2. Check valve unit (1, 100, 200, 300, 400) according to claim 1, character-
ized in that each channel (46a, 46b) has a length being at least 25 times the hy-

draulic diameter of the respective channel (46a, 46b).

3. Check valve unit (1, 100, 200, 300, 400) according to any one of the pre-
ceding claims, characterized in that, for each channel (46a, 46b), a diameter
and/or a width of the channel perpendicular to a longitudinal direction of the

channel (46a, 46b) is in the range from 0,05 mm to 3 mm.

4. Check valve unit (1, 100, 200, 300, 400) according to any one of the pre-
ceding claims, characterized in that the hydraulic diameter of each chan-

nel (46a, 46b) is preferably at least 0,07 mm and equal to or less than 1 mm.

5. Check valve unit (1, 100, 200, 300, 400) according to any one of the pre-
ceding claims, characterized in that at least three channels (46a, 46b) are pro-

vided, wherein a number of the channels (46a, 46b) is 200 at the maximum.

6. Check valve unit (1, 100, 200, 300, 400) according to any one of the pre-
ceding claims, characterized in that the check valve unit (1, 100, 200, 300,
400) exhibits a Reynolds number of less than 2300 for flow of a predetermined

fluid between the damping reservoir (50) and the outside (70).

7. Check valve unit (100, 300) according to any one of the preceding claims,
characterized in that the check valve unit (100, 300) comprises a drain pas-
sage (112) constituting a further fluid connection between the damping reser-
voir (50) and the outside (70) of the shaft bearing body (110).

8. Check valve unit (1, 100) according to any one of the preceding claims,

characterized in that a circumferential groove portion (40, 140) is disposed on
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an outer circumferential surface of the valve shaft (20) or on an inner circumfer-
ential surface of the mounting portion (11) and extends along the axial direc-
tion (A), wherein the channels are formed by parallel helical grooves (41, 141)

provided in the groove portion (40, 140).

9. Check valve unit (1, 100) according to claim 8, characterized in that the
helical grooves (41, 141) occupy at least 20 % of the surface of the groove por-
tion (40, 140).

10.  Check valve unit (200, 300, 400) according to any one of the claims 1

to 7, characterized in that the check valve unit (200, 300, 400) further includes
an insert (45, 45a, 45b, 45c¢), wherein the channels (46a, 46b) are formed by the
insert (45, 45a, 45b, 45¢).

11.  Check valve unit (300) according to claim 10, characterized in that the
insert (45, 45a, 45b, 45c¢) is fixed within the valve shaft (120) and is arranged at
a distal end of a cavity (27) within the valve shaft (120).

12.  Check valve unit (200, 400) according to claim 10, characterized in that
the insert (45, 45a, 45b, 45c) is fixed directly to and within the shaft bearing

body (210, 410) and is arranged at a proximal end of the damping reservoir (50).

13.  Check valve unit (200, 300, 400) according to any one of claims 10 to 13,
characterized in that channels (46a, 46b) are formed completely inside the in-
sert (45a, 45b) and/or that channels within and/or that channels are formed by

grooves (46c¢) on a radially outer surface of the insert (45c).

14.  Check valve unit (1, 100, 200, 300, 400) according to any one of the pre-
ceding claims, characterized in that the check valve unit (1, 100, 200, 300,

400) further comprises a housing (80, 180) including a valve seat (81, 181),
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wherein the shaft bearing body (10, 110, 210, 310, 410) is fixed to the hous-
ing (80, 180), wherein the sealing surface (33, 133) of the valve head (25, 125)
sealingly abuts the valve seat (81, 181) when the valve shaft (20, 120) is in the
closing position, and wherein the sealing surface (33, 133) is displaced away
from the valve seat (81, 181) when the valve shaft (20, 120) is displaced in the

axial direction (A) away from the closing position.

15.  Check valve unit (1, 100, 200, 300, 400) according to claim 14, charac-
terized in that the check valve unit (1, 100, 200, 300, 400) is a straight flow

valve.
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