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(57) Abstract: A solenoid valve (1) is described comprising a first port (2), a
second port (3), a valve element (4) and a valve seat (5) arranged between said
first port (2) and said second port (3), a coil (12) and a yoke arrangement (14-16),
said coil (12) being magnetically linked to said yoke arrangement (14-16), said
yoke arrangement (14-16) having a movable armature (16). In such a solenoid
valve the generation of noise should be kept low. To this end said valve element
(4) is driven by a pressure difference between a first pressure on a first side (6) of
said valve element (4) and a second pressure on a second side (7) of said valve
element (4), at least one of said first pressure and said second pressure being con-
trolled by means of said armature (16), wherein said armature (16) comprises a
first front face (18) at a first end and a second front face (19) at a second end op-
posite said first end, said first front face (18) and said second front face (19) being
connected by a first flow path (21), said first flow path having first throttling
means for keeping low a tlow of a fluid flowing through said first flow path (21).
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SOLENOID VALVE

The invention relates to a solenoid valve comprising a first port, a second
port, a valve element and a valve seat arranged between said first port and
said second port, a coil and a yoke arrangement, said coil being magnetically
linked to said yoke arrangement, said yoke arrangement having a moveable

armature.

Such a solenoid valve is known, for example, from US 5 460 349 A or
US 6 783 110 B2 or DE 20 2005 013 233 U1.

Such a solenoid valve can, for example, be used as expansion valve in a

cooling or air conditioning system. However, other applications are possible.

The valve element and the valve seat together form a variable flow
resistance for a fluid flowing from one port to the other port. The position of
the valve element relative to the valve seat is controlled by the yoke
arrangement and the coil. When the coil is supplied with a current, the

position of the moveable armature is changed.

Such a solenoid valve often shows a certain noise when actuated. Such

noise can be in the form of "clicks” and in the form of a "water hammer”.

The object underlying the present invention is to keep noise low.

This object is solved in a solenoid valve described at the beginning in that
said valve element is controlled by a pressure difference between a first
pressure on a first side of said valve element and a second pressure on a
second side of said valve element, at least one of said first pressure and said
second pressure being controlled by means of said armature, wherein said
armature comprises a first front face at a first end and a second front face at
a second end opposite said first end, said first front face and said second

front face being connected by a first flow path, said first flow path having first
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throttling means for keeping a flow rate low of a fluid flowing through said first

flow path.

When the armature is moved, a volume of a chamber at the first front face of
the armature is increased or decreased. Therefore, a certain volume of fluid
has to be moved into or out of this chamber. This fluid is moved through the
first flow path. The throttling means forms a resistance against this
movement so that the flow of the fluid can be kept small. Since the armature
controls the pressure only and the armature moves with a low velocity only,
the valve element will move with a similar low velocity. The smaller the
velocity the lower is the noise. Since the valve element is pressure controlled,
a velocity of the movement of the valve element can generally be kept
smaller than with actuation by magnetic forces. This reduces a "click" noise
when the valve element or the armature is stopped in their end positions. In
this valve the armature controls the movement of the valve element. Since
the armature moves slowly, the movement of the valve element is slow as
well. Therefore, noise produced by a so called water hammer can be reduced

as well.

Preferably a second flow path connects said first side and said second side
of said valve element, said second flow path having second throttling means
for keeping a low flow rate of a fluid flowing through said second flow path.
When the valve element is moved under control of a pressure difference over
the valve element, a certain amount of fluid has to flow through the second
flow path. When this movement of the fluid through the second flow path is
restricted so that the flow rate is kept small, this has the consequence that
the movement of the valve element itself is slow as well. The slower

movement of the valve element reduces the noise.

Preferably said first flow path is arranged between said armature and a wall

of a housing surrounding said armature and/or said second flow path is
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arranged between said valve element and a wall of the housing surrounding
said valve element. In a preferred embodiment said valve element and said
armature are arranged within a tubular housing one behind the other. The
first flow path and/or the second flow path do not need a bore, channel, duct
or the like in the armature element or in the valve. The first flow path and/or
the second flow path can easily be formed between the housing and the

armature element or the valve, respectively.

In a preferred embodiment a housing is formed as a tube having the same
diameter for said armature and said valve element. Such a tube is simple to

produce.

In a preferred embodiment said first throttling means and/or said second
throttling means comprise a surface structure in a wall of said flow path. This
is a simple way to form a restriction for the fluid passing through the flow
path. The surface structure causes turbulences in the flow thereby reducing
the average speed of the flow through the flow path. The surface structure
increases the flow resistance without the necessity to use small tolerances

which would increase production costs.

In a particular preferred embodiment said surface structure is a saw tooth like
profile. Such a saw tooth like profile forms many small restrictions between
the armature and the wall of the housing and/or between the valve element

and the wall of the housing.

Preferably said tooth like profile comprises grooves running circumferentially
or screw like around said valve element. This is a simple way to form said

saw tooth like profile.

Preferably said valve element comprises a through going channel, a pilot

valve being arranged at an end of said channel facing said armature, said
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armature acting on said pilot valve. When the armature moves towards the
valve element and acts on the pilot valve in closing direction the pressure on
the first side of the valve element increases and moves the valve element in
a direction towards the valve seat. When the armature moves away from the
valve element and acts on the pilot valve in opening direction, the pressure at
the first side of the valve element decreases and the pressure at the second
side of the valve element moves the valve element away from the valve seat.
In other words, the armature has to control the pilot valve only and does not
have to move the valve element directly. The valve element follows the
movement of the armature. A distance between the valve element and the

armature will remain almost constant.

Preferably said pilot valve comprises a pilot valve element, said armature
holding said pilot valve element. Even if the pilot valve is open and the pilot
valve element is lifted off the opening of the channel at the first side of the
valve element, the pilot valve element is held by the armature. In a preferred
example the armature comprises a ring shaped wall in which the pilot valve

element is accommeodated.

In a preferred embodiment said valve element comprises a throttling cone at
an end near said valve seat, said cone being insertable into an opening
surrounded by said valve seat. Such a cone allows for a gradual opening of

the valve.

Preferably said valve has a stroke corresponding to at least 50 %, preferably
at least 75 % of an inner diameter of said valve seat. This stroke is rather
large. Usually the stroke corresponds to approximately 25 % of the inner
diameter of the valve seat. A larger stroke has the consequence that the
valve element needs more time for travelling from a first end position to a
second end position. This is a further possibility to keep the noise produced

by the solenoid valve small.
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In a preferred embodiment said valve element and/or said armature are
provided with a closure member made of a pressure resistance plastic
material, in particular PTFE. When such a closure member contacts its
counterpart, for example a corresponding valve seat, there is basically no
contact noise. Polytetrafluoroethylene (PTFE) avoids sticking of the closure

member to its counterpart.

Preferably said valve element is provided with stroke limiting means. This is a
further feature to avoid or at least reduce the generation of noise. The stroke
limiting means prevent that the valve element contacts the moveable
armature when the valve element has reached the fully open position. In
particular in connection with a closure member of plastic material there is a
further advantage: that wear of the closure member can be reduced or in an

optimum case avoided.

Preferably said stroke limiting means are in form of a shoulder cooperating
with a housing part. Such a shoulder is basically an increased diameter of the
valve element which can run completely around the valve element in
circumferential direction or which can be interrupted. Such a shoulder can
come into contact with a housing part, for example the above mentioned wall
of the housing surrounding the valve element when the valve element is in

fully open condition.

Preferred examples of the invention will now be described in more detail with

reference to the drawing, wherein:

Fig. 1 shows a solenoid valve in closed condition,

Fig. 2 shows the solenoid valve during opening,
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Fig. 3 shows the solenoid valve in a fully open condition,

Fig. 4 shows an enlarged view of a throttling cone of the valve in a
partly opened condition,

Fig. 5 shows the throttling cone in a fully open condition,

Fig. 6 shows an enlarged view of the armature,

Fig. 7 shows a detail VIl of Fig. 6,

Fig. 8 shows a pilot valve in open condition,

Fig. 9 shows the pilot valve in closed condition, and

Fig. 10 shows a further embodiment of a solenoid valve in open

condition.

A solenoid valve 1 comprises a first port 2 and a second port 3. The two ports
2, 3 of the valve 1 can be connected, for example, to a circuit in which a
refrigerant circulates. In this case, the valve 1 can be used as expansion

valve.

The valve 1 comprises a valve element 4 cooperating with a valve seat 5.
The valve element 4 has a first side 6 and a second side 7. Furthermore, the
valve element 4 comprises a through going channel 8 connecting the first
side 6 and the second side 7. A pilot valve 9 which will be described in more
detail in connection with Fig. 8 and 9 is arranged at the end of the channel 8
at the first side 6.
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The valve element 4 is arranged in a tubular housing 10. The valve element 4

is moveable in the housing 10 along a longitudinal axis 11 of the housing 10.

The housing 10 is surrounded by a coil 12 which can be supplied with
electrical energy via an electrical connection 13. The coil 12 is part of a
magnetic circuit. The magnetic circuit furthermore comprises a yoke
arrangement having a first yoke part 14 surrounding the housing 10, a
stationary second yoke part 15 positioned within the housing 10 and a
moveable armature 16 arranged within housing 10 as well. A spring 17 is
positioned between the second yoke part 15 and the armature 16 and forces
the armature 16 away from the second yoke part 15. The housing 10 is in
form of a tube having the same diameter for the valve element 4 and the

armature 16.

When the coil 12 is energized with electrical current, the yoke arrangement is
magnetized and the second yoke part 15 attracts magnetically the moveable

armature 16 against the force of the spring 17.

The armature 16 has a first front face 18 and a second front face 19.

A first flow path 21 is arranged between the housing 10 and the armature 16.
A second flow path 20 is arranged between the valve element 4 and the

housing 10.

A first pressure space 22 is arranged between the valve element 4 and the
armature 16. A second pressure space 23 is arranged between the armature

16 and the second yoke part 15.

More details of the valve element 4 are shown in Fig. 4 and 5. The valve
element 4 comprises a throttling cone 24 at the second side 7, i.e. the side

facing the valve seat 5. Fig. 4 shows the valve element 4 in partly open
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condition. In this condition the throttling cone 24 is partly inserted into an

opening 25 which is surrounded by the valve seat 5.

When the throttling cone 24 is moved into the opening 25 the flow resistance
through a gap 26 between the throttling cone 24 and the valve seat 25

gradually decreases.

Fig. 8 and 9 show further details of the pilot valve 9. The pilot valve 9
comprises a pilot valve element 27 in form of a ball and a pilot valve seat 28
in form of a cone. The diameter of the pilot valve element 27 is larger than

the largest diameter of the pilot valve seat 28.

The armature 16 at its second front face 19 comprises a ring shaped wall 29
surrounding a space 30 accommodating the pilot valve element 27. The ring
shaped wall 29 can be replaced by at least three protrusions extending from
the second front face 19 of the armature 16 in a direction towards the valve

element 4.

Fig. 9 shows the pilot valve 9 in closed condition. The pilot valve element 27

is pressed against the pilot valve seat 28 by means of the armature 16.

Fig. 6 shows an enlarged view of the armature 16. Fig. 7 shows a detail Vi of
Fig. 6. It can be seen that the armature 16 has a saw tooth like profile 31 at
its circumference. The saw tooth like profile 31 comprises a number of peaks
32 and valleys 33. Each peak 32 together with the housing 10 forms a
restriction for a fluid passing through the second flow path 21. Furthermore,
the succession of the peaks 32 and the valleys 33 causes a turbulent flow
thus reducing the maximum possible velocity of the flow passing through the
first flow path 21. The surface structure formed by the saw tooth like profile
31 increases the flow resistance or hydraulic resistance without the necessity

to use small tolerances which would increase production costs.
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The same surface structure is provided on the circumference of the valve

element 4.

In the condition shown in Fig. 1 the valve 1 is closed, i.e. a connection
between the first port 1 and the second port 2 is interrupted. The valve
element 4 contacts the valve seat 5 and the cone 24 is completely inserted

into the opening 25.

In this condition fluid entering the valve via the first port 2 passes through the
second flow path 20 and increases the pressure in the first pressure space
22 since this fluid cannot escape through the pilot valve 9. The pilot valve 9 is

closed by means of the armature 16.

Although the pressure on both sides 6, 7 of the valve element 4 is the same,
the valve element 4 is pressed against the valve seat 5 since the pressure in
the first pressure space 22 acts on a larger area than the pressure at the
second side 7 of the valve element. On the second side 7 the valve seat 5

covers a part of the pressure area and connects this to a lower pressure.

If, however, the coil 12 is energized and the armature 16 is attracted by the
second part 15 of the yoke arrangement against the force of the spring 17,
the armature 16 is moved a bit away from the valve element 4. In this case
the pilot valve element 27 is lifted off from the pilot valve seat 28 and fluid in
the first pressure space 22 can escape through the channel 8 thus
decreasing the pressure in the second pressure space 22. The pressure
difference between the second side 7 and the first side 6 moves the valve
element 4 to follow the armature 16 until the pilot valve 9 is moved in closing
direction. This movement is rather slow since the surface structure on the
circumference of the valve element 4 throttles the flow through the second

flow path 20. The movement of the armature 16 is slow as well since the fluid
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in the second pressure space 23 can escape through the first flow path 21
only which has, as described above, a certain flow resistance. The
movement of the valve element 4 is controlled by the movement of the
armature 16. Since the armature 16 can move with low velocity only, the
velocity of the valve element is limited as well. Consequently, not only noise
produced by a "click" but also noise produced by a water hammer can be

reduced.

Fig. 2 shows the valve 1 during opening or closing.

In a fully open condition shown in Fig. 3 the armature 16 has been moved to
contact the second yoke part 15. The throttling cone 24 has been completely

moved out of the opening 25.

The valve element 4 has a stroke corresponding to at least 50 % of the inner
diameter of the valve seat 25, i.e. of the diameter of the opening 25 which
can also be termed as main orifice. The stroke is the distance the valve
element 4 moves between the fully closed condition shown in Fig. 1 and the
fully open condition in Fig. 3. The stroke corresponds to the extension of the

second pressure space 23 parallel to the axis 11 of the housing 10.

Figure 10 shows a further embodiment of a valve in open condition. Elements
which have been described in connection with the embodiment shown in

figures 1 to 9 are referred to with the same reference numerals.

A strainer or mesh 34 has been added to remove dirt of other part flowing

together with the refrigerant through the valve 1.

The valve element 4 is provided with a closure member 35 made of a plastic
material, like polytetrafluoroethylene (PTFE) on its lower side 7. This closure

member 35 comes into contact with the valve seat 5, when the valve element
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4 is moved into a closing position. Furthermore, the armature 16 is provided
with a closure member 36 made of a plastic material like
polytetrafluoroethylene (PTFE). This closure member 36 replaces the pilot

valve 9 of figures 1 to 9.

Valve element 4 is provided with stroke limiting means 37 in form of a radial
shoulder. When the valve element 4 is in fully open condition, like shown in
figure 10, this stroke limiting means 37 comes in contact with the housing 10.
The stroke limiting means 37 limits the stroke of the valve element 4 so that
in the open condition shown in figure 10 the valve element 4 does not come
into contact with closure member 36 of armature 16. Therefore, the damage
of the closure member 36 of armature 16 can be avoided when the valve
element 4 by the pressure difference is forced against the closure member
36.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. Solenoid valve (1) comprising a first port (2), a second port (3), a
valve element (4) and a valve seat (5) arranged between said first
port (2) and said second port (3), a coil (12) and a yoke
arrangement (14-16), said coil (12) being magnetically linked to
said yoke arrangement (14-16), said yoke arrangement (14-16)
having a movable armature (16), wherein said valve element (4) is
controlled by a pressure difference between a first pressure on a
first side (6) of said valve element (4) and a second pressure on a
second side (7) of said valve element (4), at least one of said first
pressure and said second pressure being controlled by means of
said armature (16), wherein said armature (16) comprises a first
front face (18) at a first end and a second front face (19) at a
second end opposite said first end, said first front face (18) and said
second front face (19) being connected by a first flow path (21),
wherein said first flow path (21) has a first throttling means for
lowering a flow rate of a fluid flowing through said first flow path
(21), a second flow path (20) connects said first side (6) and said
second side (7) of said valve element (4), said second flow path
(20) having a second throttling means for lowering a flow rate of a
fluid flowing through said second flow path (20), and said second
flow path (20) is arranged between said valve element (4) and a
wall of a housing (10) surrounding said valve element (4), said first
flow path (21) is arranged between said armature (16) and the wall
of the housing (10) surrounding said armature (16), wherein said
valve element (4) and said armature (16) are arranged within the
housing (10) one behind the other.

CA 2941912 2020-02-07
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2. Solenoid valve according to claim 1, characterized in that said
housing (10) is formed as a tube having the same diameter for said

armature (16) and said valve element (4).

3. Solenoid valve according to claim 1 or 2, characterized in that said
first throttling means and/or said second throttling means comprise

a surface structure in a wall of said flow path.

4, Solenoid valve according to claim 3, characterized in that said

surface structure is a saw tooth like profile (31).

5. Solenoid valve according to claim 4, characterized in that said saw
tooth like profile (31) comprises grooves (33) running
circumferentially or screw like around said valve element (4) and/or

said armature (16).

6. Solenoid valve according to any one of claims 1 to 5, characterized
in that said valve element (4) comprises a through going channel
(8), a pilot valve (9) being arranged at an end of said channel (8)
facing said armature (16), said armature (16) acting on said pilot

valve (9).

7. Solenoid valve according to claim 6, characterized in that said pilot
valve (9) comprises a pilot valve element (27), said armature (16)

holding said pilot valve element (27).

8. Solenoid valve according to any one of claims 1 to 7, characterized
in that said valve element (4) comprises a throttling cone (24) at an
end near said valve seat (5), said cone (24) being insertable into an
opening (26) surrounded by said valve seat (5).

CA 2941912 2019-07-15
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12.

13.

14.
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Solenoid valve according to any one of claims 1 to 8, characterized
in that said valve element (4) has a stroke corresponding to at least

50% of an inner diameter of said valve seat (5).

Solenoid valve according to any one of claims 1 to 9, characterized
in that said valve element (4) has a stroke corresponding to at least

75% of an inner diameter of said valve seat (5).

Solenoid valve according to any one of claims 1 to10, characterized
in that said valve element (4) and/or said armature (16) are
provided with a closure member (35, 36) made of a pressure

resistant plastic material.

Solenoid valve according to claim 11, characterized in that said

pressure resistant plastic material is PTFE.

Solenoid valve according to any one of claims 1 to 12,
characterized in that said valve element (4) is provided with stroke

limiting means (37).

Solenoid valve according to claim 13, characterized in that said
stroke limiting means are in form of a shoulder cooperating with a

housing part.

CA 2941912 2019-07-15
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