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rotor (9) arranged inside a motor section (19) of a tube (14) and a stator (8)arranged
outside the motor section (19) of the tube (14) and the rotor (9) is supported by a
bearing(15), which bearing(15)is mounted with press fit in a bearing section (16)
of the tube(14). Such a valve should have a small motor and a tube which can
be produced with low costs. To this end the motor section (19) and the bearing
section(17) comprise different diameters.
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Valve, in particular expansion valve

The present invention relates to a valve, in particular an expansion valve,
comprising a valve element driven by a rotary motor, wherein the motor
comprises a rotor arranged inside a motor section of a tube and the rotor is
supported by a bearing, which bearing is mounted in a bearing section of the
tube.

Such a valve can be used, for example, to control a flow of a refrigerant
through a cooling or refrigeration system. Accordingly, it is necessary to take
care that the refrigerant does not escape into the environment. Thus, the

tube is used to form a seal against such an escape of refrigerant.

The tube is made of a thin steel sheet material and a stator of the motor is
arranged outside the tube. Since the rotor is arranged inside the tube the
thickness of the material of the tube should be as small as possible. The
thicker the tube is, the larger is the air gap between the stator and the rotor
and the lower is the efficiency and the torque of the motor.
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The rotor of the motor has to be rotatably supported by a bearing. A simple
way to mount the bearing is to deform the housing upon insertion of the
bearing into the tube, e. g. by press fit caulking, coining, swaging or the like.
However, the use of a thin material for the tube on the one hand and the use
of a press fit for the motor bearing on the other hand leads to another
problem. During press fitting of the bearing into the tube the tube deforms.
The deformation is more pronounced the thinner the material of the tube is.
Accordingly, the tube having press fit with the motor bearing can be provided
with quite large tolerances only. The motor has to be adapted to these
tolerances with a consequence that the air gap must be increased. The larger
the air gap is the smaller is the torque to be transmitted via the air gap.

The valve requires a certain torque to be operated, i.e. to move the valve
element, when the air gap increases, the motor must increase as well to

provide this torque. This requires additional space which is not satisfactorily.

The object underlying the invention is to provide a valve having a small motor

and a tube and can be produced with low costs.

This object is solved with a valve as described at the outset, in that the motor
section and the bearing section comprise different diameters.

In such a tube a deformation of the bearing section can take place without
deforming the motor section or with a smaller deformation of the motor
section so that the bearing section is a deformed section. A part of the
deformation of the bearing section is taken over by the transition zone
between the motor section and the bearing section. Accordingly, the motor
section can keep the required inner and outer diameter with very low
tolerances so that the gap between the stator and the rotor can be kept small

as well.
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In an embodiment of the invention a transition section between the bearing
section and the motor section is inclined with respect to an axis of rotation of
the rotor. When the bearing section is slightly expanded during press fitting of
the motor bearing, the inclination of the transition section can be changed
without changing the dimension of the motor section.

In an embodiment of the invention the bearing section comprises a diameter
which is smaller than the diameter of the motor section. The rotor bearing
can be inserted into the tube through the motor section into the bearing

section without altering the dimension of the motor section.

In an embodiment of the invention the bearing is a first bearing and the
bearing section is a first bearing section, wherein the rotor is supported by a
second bearing arranged on a side of the motor opposite to the first bearing,
the second bearing being mounted in a second bearing section of the tube
and the motor section and the second bearing section comprise different
diameters. The advantages achieved in the first bearing section are likewise
achieved in the second bearing section. The second bearing section is
allowed to deform during mounting of the second bearing and this
deformation is taken up by the transition between the second bearing section
and the motor section. The second bearing section is again a deformed
section. This embodiment has the advantage that the rotor is supported on
both axial sides of the stator which means that a very stable support is
achieved. This stable support helps additionally to keep the air gap small.
The motor can be provided with very small tolerances.

In an embodiment of the invention the diameter of the second bearing section
is larger than the diameter of the motor section. The first bearing can be
inserted through the second bearing section and through the motor section.
The rotor can be inserted through the second bearing section into the motor
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section. Both parts can thus be inserted without effecting the size or the

dimension of the second bearing section.

In an embodiment of the invention a second transition section between the
motor section and the second bearing section is inclined with respect to an
axis of rotation of the rotor. When the second bearing section is deformed
during press fitting of the second bearing, such deformation can basically
change only the inclination of the second bearing section without affecting
the diameter of the motor section.

In an embodiment of the invention the tube is of a metallic material having a
thickness of 0,5 mm or less, preferably 0,25 mm or less. Although such a thin
material is used the motor section can be kept in the required form with low

tolerances even if one or both bearings are fixed to the tube by press fit.

In an embodiment of the invention the metallic material is steel. Steel is
sufficiently stable for this purpose and is not affected by most refrigerants.

In an embodiment of the invention the tube is closed at a first end and
comprises a flange at the second end which is formed radially outwardly. The
closed end of the tubes provide a sealing to the environment without
additional parts. The flange at the second end can be used to connect the

tube to a valve housing.

In an embodiment of the invention the flange comprises a thickness which is
at least 1,5 times the thickness of the tube in the motor section. Such an
embodiment is in particular useful when the connection between the flange
and the valve housing is made by welding. Although a welding seam is stable
enough to withstand even higher pressures, regions of the tube adjacent to
the welding seam can be weakened by the welding process. The flange can
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be used for the welding. When the flange is weakened, is still as strong as

the rest of the tube, so that the tube can withstand higher pressures.

In an embodiment of the invention the flange has a radial extension of at

least twice the thickness of the tube in the motor section. The welding seam
can be positioned at the radial outside of the flange. The radial extension of
the flange ensures that the heat produced during welding does not affect the

rest of the tube.

An embodiment of the present invention will now be described in more detail
with reference to the drawing, wherein:

Fig. 1 shows a sectional view of an expansion valve,

Fig. 2 shows an enlarged view of a tube,

Fig. 3 shows an enlarged sectional view of a welding connection,

Fig. 4 an enlarged detail K of Fig. 2 of an alternative embodiment and
Fig. 5 the enlarged detail K of third embodiment.

In all figures the same elements are denoted with the same reference

numerals.

An expansion valve 1 comprises a valve housing 2 having two connectors 3,
4 which are fixed to the housing. A valve seat 5 is part of the valve housing 2
or can be a separate part. A valve element 6 cooperates with the valve seat
to control a flow of fluid between the two connectors 3, 4. To this end the
valve element 6 can be moved in a direction towards the valve seat 5 to
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close the valve 1 or in a direction away from the valve seat 5 to open the

valve at least partly.

The movement of the valve element 6 is controlled by motor 7, preferably a
stepping motor. The motor 7 comprises a stator 8 which is fixed against
rotation and a rotor 9 which is rotatably mounted within the stator 8. The rotor
9 is operatively connected to a shaft 10 which bears or forms a lead screw 11
having an outer thread 12. The lead screw 11 is in threaded connection with
a lead nut 13 which is fixed against rotation and connected to the valve
element 6. When the rotor rotates the shaft 10 and thus the lead screw 11
rotate as well. This rotational movement is translated into a linear movement

of the valve element 6 via the pairing of lead screw 11 and lead nut 13.

The valve 1 is used to control a flow of a refrigerant in a cooling or
refrigeration system. The escape of refrigerant to the environment must be
prevented. To this end a tube 14 is provided which is connected to the valve
housing 2 by welding. The tube 14 is arranged between the stator 8 and the
rotor 9 of the motor 7. In order to keep an air gap between the stator 8 and
the rotor 9 as small as possible, the material of the tube 14 should be as thin
as possible as well.

In the embodiment shown the thickness of the material of the tube 14 is 0,2

mm. The material of the tube 14 is steel, preferably stainless steel.

The rotor 9 is supported in a first bearing 15 on one side of the rotor 9 and by
a second bearing 16 on the other side of the rotor 9.

First bearing 15 is mounted by press fit in a first bearing section 17 of the
tube 14. Second bearing 16 is mounted by press fit in a second bearing
section 18 of the tube 14. A motor section 19 is arranged between the first

bearing section 17 and the second bearing section 18. Instead of press fit
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any other mounting process can be used in which the bearing section 17, 18
are deformed to adapt to the outer form of the bearing 15, 16.

The motor section 19 of tube 14 should have tolerances as small as possible
to adapt the motor section 19 of the tube 14 to the motor 7 in the best way.
However, during press fitting the first bearing 15 into the first bearing section
17 and by press fitting the second bearing 16 into the second bearing section
18 a deformation of the bearing sections 17, 18 is unavoidable.

In order to reduce the risk that the deformation of the first bearing section 17
affects the form of the motor section 19, the first bearing section 17 has a
diameter smaller than the rotor section 19 and the second bearing section 18
has a diameter larger than the motor section 19.

A first transition section 20 between the first bearing section 17 and the motor
section 19 is inclined with respect to a longitudinal or rotational axis of the
rotor 9. A second transition section 21 between the second bearing section
16 and the motor section 19 is inclined relative to the rotational axis of rotor
as well. Accordingly, when a deformation of the first bearing section 17
occurs, this deformation cannot propagate to the motor section 19. Such a
deformation would deform only parts of the first transition section 20.

The same is true for the second transition section 21. When the second
bearing 16 is press fit into the second bearing section 18 the widening of the
second bearing section 18 is taken up by the second transition section 21
without affecting the motor section 19. The staggered diameter relation of the
first bearing section 17, the motor section 19 and the second bearing section
18 allows mounting of the first bearing 15 in the tube 14 by press fit since the
first bearing 15 can be guided without problems through the motor section
19. The rotor 9 can be mounted in the tube 14 since it can be guided without

any problems through the second bearing section 18. Finally, the second
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bearing 16 can be mounted by press fit into the second bearing section 18.
Accordingly, the motor section 19 is not deformed even when the bearings
15, 16 are mounted by press fit in the bearing sections 17, 19.

The tube 14 is closed at one end 22 and comprises a flange 23 at the other
end. The tube 14 is welded to the valve housing 2 at the end comprising the
flange 23.

As can be seen in Fig. 3, the flange 23 is formed radially outwardly and
comprises an outer region which runs parallel to a mounting face 24 which is
provided at the valve housing 2. The mounting face 24 is provided at a
stepped area of the valve housing at the circumference of a front face of the

valve housing 2.

The flange 23 has a thickness which is much larger than the thickness of the
tube 14 in the motor section 19. The tube can have a constant thickness in all
regions outside the flange 23. The flange 23 can, for example, comprise a
thickness which is at least 1,5 times the thickness of the tube 14 in the motor
section 19.

The flange 23 has a radial extension which is at least twice the thickness of
the tube 14 in the motor section 19. In Fig. 3 the thickness of the flange 23 is

shown oversized.

A welding seam 25 is positioned at the radial outside of the flange 23 and the
mounting face 24 of the valve housing 2.

Even if the welding process would weaken the material of the tube in the
range of the flange 23, this is no problem since the thickness of the flange 23
is large enough to withstand the pressures inside the tube even when

weakened.
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Since the welding seam 25 is arranged at the radially outermost position
possible, the rest of the tube 14 is not affected by the welding process, i. e.
heat produced during the welding does not damage the tube 14. Welding can

be performed, for example, by using a laser beam.

The mounting face 24 surrounds a step 26 of the valve housing. An air gap
between the tube 14 and the step 26 is kept small. It is basically only present
in an area around a rounded corner 27 produced during forming the flange
23 out of the tube 14. The rounded corner 27 is a result of a deep drawing

process by which the tube 14 is formed.

A deformation caused by the welding process is limited to the second bearing

section 18 and does not affect the motor section 19 of the tube.

The valve 1 can be mounted using a unit shown in Fig. 2 comprising the tube
14 and the rotor 9 together with the bearings 15, 16 in the bearing section 17,
18. Since the bearings 15, 16 are mounted with press fit in the bearing
sections 17, 18, the unit can be handled without the risk that parts are falling

out of the unit.

After attaching the lead nut 13 and the valve element 6 to the unit, the unit
can be fixed to the valve housing 2 by welding, i. e. by producing the welding
seam 25. Thereafter the stator 8 can be placed around the tube 14.

There are a number of possibilities to fix the bearings 15, 16 to the tube 14.
As mentioned above, the bearing 15 and the bearing 16 can be fixed to the
tube by press-fitting. During press-fitting the diameter of the bearing sections
17, 18 is slightly enlarged which produces an internal tension in the tube
clamping the bearings 15, 16 in the desired position.
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Fig. 4 shows another possibility to fix the first bearing 15 to the first bearing
section 17 of the tube 14. The same way of fixation can be used for the
second bearing 16.

The first bearing 15 comprises a recess 28 in its circumferential face. The
first bearing section 17 comprises an indentation 29 protruding into the
recess 28. The indentation 29 can be formed into the recess 28 after the first
bearing 15 has been positioned within the tube 14. The indentation 29
requires again a deformation of the tube 14. However, this deformation is not

critical, since it is limited to the first bearing section 17.

Fig. 5 shows a third possibility. In this possibility the first bearing 15
comprises a step 30, i. e. a larger diameter remote from the rotor 9 and a
slightly smaller diameter adjacent to the rotor 9. The first bearing section 17
comprises again an indentation 29 which is produced by deforming the first
bearing section 17 after mounting the first bearing 15 in the tube 14.
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Claims

Valve (1), in particular expansion valve, comprising a valve element
(6) driven by a rotary motor (7), wherein the motor (7) comprises a
rotor (9) arranged inside a motor section (19) of a tube (14) and the
rotor (9) is supported by a bearing (15), which bearing (15) is
mounted in a bearing section (17) of the tube (14), wherein the motor
section (19) and the bearing section (17) comprise different
diameters characterized in that the bearing (15) is press fit in the
bearing section (17) and a transition section (20) between the
bearing section (17) and the motor section (19) is inclined with

respect to an axis of rotation of the rotor (9).

Valve according to claim 1, characterized in that the bearing section
(17) comprises a diameter which is smaller than a diameter of the
motor section (19).
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Valve according to any of claims 1 or 2, characterized in that the
bearing (15) is a first bearing (15) and the bearing section is a first
bearing section (17), wherein the rotor (9) is supported by a second
bearing (16) arranged on a side of the motor (7) opposite to the first
bearing (15), the second bearing (16) being mounted in a second
bearing section (18) of the tube (14) and the motor section (19) and
the second bearing section (18) comprise different diameters.

Valve according to claim 3, characterized in that the diameter of the
second bearing section (18) is larger than the diameter of the motor
section (19).

Valve according to claim 3 or 4, characterized in that a second
transition (21) section between the motor section (19) and the
second (18) bearing section is inclined with respect to an axis of
rotation of the rotor (9).

Valve according to any of claims 1 to 5, characterized in that the tube
(14) is made of a metallic material having a thickness of 0,5 mm or
less.

Valve according to claim 6, characterized in that the metallic material
is steel.

Valve according to any of claims 1 to 7, characterized in that the tube
(14) is closed at a first end (22) and comprises a flange (23) at a
second end which is formed radially outwardly.

Valve according to claim 8, characterized in that the flange (23)
comprises a thickness which is at least 1,5 times the thickness of the

tube (14) in the motor section (19).
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10. Valve according to claim 8 or 9, characterized in that the flange (23)
has a radial extension of at least twice the thickness of the tube (14)
in the motor (19).
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