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having a longitudinal axis (3), a bellows (5) arranged in said housing (2), an
actuator arrangement (7) moveable in a direction parallel to said longitudinal
axis (3), loaded by a force produced by said bellows (5) in a first direction
and by a force of a spring arrangement (13, 15) in a second direction oppos-
ite to a first direction and comprising a first element (8) and a second ele-
ment (9). Such linear thermostat should be of simple construction. To this
end said spring arrangement (13, 15) comprises first spring (13) holding said
first element (8) and said second element (9) together to move said first ele-
ment (8) and said second element (9) like a one piece part until said second
element (9) comes to rest against a stop (27).
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1

Thermostat device

The present invention relates to a thermostat device comprising a housing
having a longitudinal axis, a bellows arranged in said housing, an actuator
arrangement movable in a direction parallel to said longitudinal axis, loaded
by a force produced by said bellows in a first direction and by a force of a
spring arrangement in a second direction opposite said first direction and

comprising a first element and a second element.

Such a thermostat device is known from US 2 200 599. The movement of the
actuator arrangement is a translational one without any rocking or swinging
movement of parts. Therefore, such kind of thermostat device can be termed

“linear thermostat”.

The object underlying the present invention is to have a linear thermostat of

simple construction.

This object is solved with a thermostat device as described at the outset in
that said spring arrangement comprises a first spring holding said first
element and said second element together to move said first element and
said second element like a one piece part until said second part comes to
rest against a stop.

Such a thermostat device needs few parts only which parts can be of simple
form. Nevertheless, it is possible to realize a two stage movement of the first
element. In a first stage of the movement the first element and the second
element are moved together which is possible since they are held together by
said first spring. Once the second element comes to rest against the stop, the
movement of the first element can continue. During such movement the first

element has to work against the force of the first spring.

In a preferred embodiment said first spring is pretensioned between said first
element and said second element by means of a pretension element fixed to

said second element. In other words, the first spring is arranged in a space
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between the pretension element and the second element. Part of the first
element is arranged in this space as well so that it is possible to press this
part of the first element against the second element by means of the force of

the first spring.

Preferably said pretension element is in form of a first pretension screw
which is screwed into said second element. In this way it is possible to

change or adjust the pretension of the first spring.

In a preferred embodiment said first element comprises a first part on a first
side of the second element and a second part on a second side of said
second element opposite said first side, one of said first part and said second
part passing through said second element, wherein said first part and said
second part are held together by forces generated by said bellows and said
first spring. The division of the first element in a first part and a second part
simplifies the construction. Since these two parts are held together by forces
only, it is not necessary to connect them by means of connection means
although this would be possible as well. In this construction the second
element is caught between the two parts of the first element.

Preferably said second part forms a bearing arrangement for a linear
movement of said first element relative to said second element in a direction
parallel to said longitudinal axis. This bearing arrangement can be formed, for
example by a number of holes through which rod like extensions of the first
part are guided. For example, it is possible to use three symmetrical holes
with axis of radial angle of 120°.

In a preferred embodiment said first element comprises an actuator arm
extending out of said housing radially with respect to said longitudinal axis.
The actuator arm is designed for actuating a switch, which, for example,
starts a compressor or stops the operation of the compressor by making or
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breaking an electrical contact. The thermostat function is given by the set-up
of the first element and the second element together with the actuator arm.
Set-up of these elements together with the spring arrangement defines the
thermostat function. The thermostat function can be changed by modification

of these elements.

Preferably said spring arrangement comprises a second spring acting on said
second element. During the first stage of the movement the combined
package of first element and second element are moved against the force of

the second spring. The driving force is in this case produced by the bellows.

In a preferred embodiment said first spring and said second spring are
arranged concentrically. In other words, the first spring can, for example, be
located radially inside the second spring. Such a construction saves space.

Preferably a pretension of said second spring is adjustable by a cam element
which is mounted between said second spring and an end top of said
housing. By adjusting the cam element it is possible to choose different
working conditions for the second spring and to therefore choose different

switching points for the switch actuated by the actuator arm.

Preferably said cam element is mounted rotatably in said housing. In this
case the position of the cam element in general can be kept unchanged. It is
rotated only to choose different modes of operation. A rotational position of

the cam element can be adjusted from the outside without difficulties.

In a particular preferred embodiment said cam element comprises at least
one working area, each working area comprising at least two different
regions, differing in a pretension characteristic. Said regions can, for
example, have different heights of the respective cam, i.e. different
thicknesses in a direction parallel to said longitudinal axis. When the cam
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element bears against the end top of the housing, this means that the second
spring is pretensioned in different ways. For example, it is possible to have a
position “cold” and a position “warm”. The working area is the whole area
between positions cold and warm. It is possible to include as well a position
“stop” into the working area. However, the position “stop” can be realized in
another way, e.g. by some “notch” or other feature created on the surface of

the cam element.

Preferably said cam element is in threaded connection with a second
pretension screw, said second pretension screw being positioned between
said cam element and said second spring. A second pretensioned screw

allows for a fine adjustment of the pretension of the second spring.

In a preferred embodiment said housing comprises a predetermined number
of grooves running parallel to said longitudinal axis, wherein said second
element comprises guiding elements which are arranged in said grooves.

These grooves define a path of movement for the second element.

Preferably said housing comprises three grooves spaced in circumferential
direction by 120°. This allows for a symmetrical bearing of the second

element.

Preferably said guiding elements are of V-shape in particular with rounded
tips. The grooves can have a V-shape as well or it can have a semi-circular
form or any form in between these two forms. The friction between the
second element and the housing can be kept small.

A preferred embodiment of the invention will now be described in more detail

with reference to the drawing, wherein:
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Fig. 1 shows a longitudinal section view of a thermostat device with an

actuator arrangement in a first position,

Fig. 2 a sectional view according to Fig. 1 with the actuator

arrangement in a second position,

Fig. 3 a sectional view of the thermostat device according to Fig. 1

with the actuator arrangement in a third position,

Fig. 4 a perspective view of a cam element and

Fig. 5 a sectional view V-V according to Fig. 1.

Fig. 1 schematically shows a thermostat device 1 which can also be termed
as “linear thermostat”. The thermostat device 1 comprises a housing 2 having
a longitudinal axis 3 comprising an end bottom 4. A bellows 5 rests against
the end bottom 4. Capillary tube 6 is connected to end bottom 4. The
capillary tube 6 can be used for a heat transfer from an evaporator (not
shown) or cold air flow to the thermostat device 1.

An actuator arrangement 7 is located in housing 2 and is moveable in a
direction parallel to the longitudinal axis 3. The actuator arrangement 7
comprises a first element 8 and a second element 9. First element 8
comprises a first part 10 and a second part 11. First part 10 comprises a
number of studs 12 which are guided through the second element 9. The
second part 11 of the first element 8 rests on top of the studs 12. It can be
connected to the studs 12. However, in most cases it is sufficient when the
second part 11 is fixed relative to the studs 12 against a movement in a radial

direction related to the longitudinal axis 3.
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In the present case there are three studs 12 (cf. Fig. 5). These three studs 12
are uniformly distributed in circumferential direction, i.e. they have an angular
distance of 120° relative to each other.

The second element 9 forms a bearing arrangement for a linear movement of
the first element 8 relative to the second element 9 in a direction parallel to
the longitudinal axis 3.

A first spring 13 is located between the first pretension screw 14 and the
second part 11 of the first element 8. The first pretension screw 14 is
screwed into second element 9 in this way the second part 11 of first element

8 is pressed against the second element 9.

A force created by bellows 5 acts in opposite direction on the first part 10 of
the first element 8, so that the first part 10 and the second part 11 are held
together by forces generated by bellows 5 and first spring 13. When bellows
5 expands due to an increase of temperature, the first element 8 and the
second element 9 are moved together, i.e. they are moved like a one piece
part. This movement takes place against a force of a second spring 15.
Second spring 15 rests against a washer 16. The position of washer 16 is
determined by a second pretension screw 17. Second pretension screw 17 is
connected to a cam element 18. Cam element 18 is shown in a perspective
view in Fig. 4. Cam element 18 rests against an end top 19 and is rotatable in
housing 2.

The second pretension screw 17 can be screwed into or otherwise fixed to

cam element 18.

As can be seen in Fig. 4, cam element 18 comprises three identical working
areas, each area having three regions of different heights or thicknesses. A
first region 20 in which the cam element 18 has the smallest thickness



WO 2017/178559 PCT/EP2017/058867

10

15

20

25

30

defines a position “cold”, a second region 21 having a slightly larger
thickness defines a position “warm” and a region 22 having the largest
thickness defines a position “stop”. The cam element 18 can be rotated when

a torque is applied to a control rod 23.

The end top 19 comprises a number of protrusions 24 corresponding to the
number of working areas so that the cam element 18 rests with one of the
regions against the end top 19. Depending on the angular position of the cam
element 18 the first spring 15 is more or less compressed, i.e. pretensioned.
The total working range of the cam element 18is the whole area between t
the positions cold and warm.

Basically the regions 20-22 define the pretension of the second spring 15 is
adjusted to a position “cold” and a position “warm”. It is furthermore possible
to include a position “stop”. However, the “stop”-position can be realized by

other means as well.

A fine adjustment of the pretension of the second spring 15 can be made with
help of the second pretension screw 17, when it is screwed more or less into
the cam element 18.

Housing 2 comprises a number of grooves 25, in the present case it
comprises three grooves 25. As can be seen in Fig. 5, the grooves 25 are
arc-shaped.

The second element 9 comprises a corresponding number of gliding

elements 26 which are basically of V-shape and has preferably a rounded tip
27. The cooperation of the gliding element 26 and the grooves 25 allow for a
low friction movement of the second element 9 in housing 2 and at the same

time prevent rotation of second element 9 in housing 2.
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Grooves 25 have a limited length in a direction parallel to the longitudinal axis
3. At an end opposite to end bottom 4 they form a stop 27 which limits the
movement of the second element 9 away from the end bottom 4.

First element 8 comprises an actuation arm 28 which extends out of housing
2 radially with respect to longitudinal axis 3. The actuation arm 28 is used to
operate a switch (not shown) which makes or breaks an electric connection

between a power source and a motor of a compressor or the like.

The operation of the thermostat device 1 can be described as follows:

When the volume of bellows 5 increases due to rising temperature, the first
element 8 and the second element 9 are together moved away from end
bottom 4 until second element 9 comes to rest against stop 27. During this
movement second spring 15 is compressed and the first spring 13 holds
second part 11 of the first element 8 in contact with second element 9.

Fig. 2 shows the situation in which second element 9 has reached the end
position, i.e. stop 27, and cannot be moved further. In this situation the
second element 9 and the second spring 15 are blocked since the second

spring 15 is placed on the second element 9.

Further increase of the force generated by bellows 5 causes first element 8 to
move relative to second element 9 against the force of first spring 13. During
this movement first element 8 is guided by second element 9. Finally the
actuation arm 28 of first element 8 reaches a fixed cut-in point of a contact
system (not shown). Contact system cuts-in and starts the refrigeration circuit
of the appliance.

After start of the appliance refrigeration circuit the evaporator cools down and
so does the thermostat sensor. In other words, pressure inside the bellows 5
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decreases and so decreases the force generated by bellows 5. First spring
13 forces first element 8 back towards second element 9 until second part 11
of first element 8 touches second element 9. The movement of the first
element 8 in the bearings of the second element 9 ends and the first spring
13 stops working. When the decrease of the bellows produced force
continues, second element 9 detaches from stop 27 and the first element 8
and the second element 9 move as a common part. In this moment the
second spring 15 starts to work again and forces the second element 9 that
glides in the grooves 25 of housing 2 into a cut-out position.

It should be mentioned, that washer 16 is guided in similar grooves 29 of
housing 2. However, grooves 29 are separated from grooves 25. As can be
seen in Fig. 3, washer 16 comprises fingers 30 which hold second spring 15
in a predetermined radial position relative to longitudinal axis 3. These fingers
30 are located radially outside of second spring 15. Second element 9
comprises protrusions 31 radially inside second spring 15 and defining a

radial position of second spring 15 relative to second element 9.

As can be seen in Fig. 3, first part 10 of first element 8 comprises a stop 32
which comes to contact second element 9 when the first element 8 is in the
end position.

The basic principle of the thermostat device is the linear movement of the
first element 8 and the second element 9. This design allows to use a
compression coil spring and their concentric arrangement. This saves space
in mechanical part of the thermostat device and creates a potential for
mechanical parts dimensional optimization. Thermostat function is generally
given by the set-up of the first element 8 and the second element 9. The
concentric arrangement of the springs 13, 15 in case of constant cut-in and
large differential thermostats leads to a design of tubular (or triangular or
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polygonal) housing and to symmetric design most parts of the mechanical

system.

Thermostat function is given by the set-up of first element 8 and second

5 element 9. Set-up of these elements 8, 9 together with second spring 15
defines the thermostat function. The above description deals with a
thermostat device 1 with constant cut-in. Other thermostat types can use the

same principle just by modification of the element mentioned.
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Claims

Thermostat device (1) comprising a housing (2) having a longitudinal
axis (3), a bellows (5) arranged in said housing (2), an actuator
arrangement (7) movable in a direction parallel to said longitudinal
axis (3), loaded by a force produced by said bellows (5) in a first
direction and by a force of a spring arrangement (13, 15) in a second
direction opposite said first direction and comprising a first element
(8) and a second element (9), characterized in that said spring
arrangement (13, 15) comprises a first spring (13) holding said first
element (8) and said second element (9) together to move said first
element (8) and said second element (9) like a one piece part until
said second element (9) comes to rest against a stop (27).

Thermostat device according to claim 1, characterized in that said
first spring (13) is pretensioned between said first element (8) and
said second element (9) by means of a pretension element fixed to
said second element (9).

Thermostat device according to claim 2, characterized in that said
pretension element is in form of a first pretension screw (14) which is

screwed into said second element (9).

Thermostat device according to any of claims 1 to 3, characterized in
that said first element (8) comprises a first part (10) on a first side of
said second element (9) and a second part (11) on a second side of
said second element (9) opposite said first side, one of said first part
(10) and said second part (11) passing through said second element
(9), wherein said first part (10) and said second part (11) are held
together by forces generated by said bellows (5) and said first spring
(13).
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10.

11.

12

Thermostat device according to claim 4, characterized in that said
second element (9) forms a bearing arrangement for a linear
movement of said first element (8) relative to said second element (9)
in a direction parallel to said longitudinal axis (3).

Thermostat device according to any of claims 1 to 5, characterized in
that said first element (8) comprises an actuator arm (28) extending

out of said housing (2) radially with respect to said longitudinal axis

(3).

Thermostat device according to any of claims 1 to 6, characterized in
that said spring arrangement (13, 15) comprises a second spring (15)
acting on said second element (9).

Thermostat device according to claim 7, characterized in that said

first spring and said second spring (15) are arranged concentrically.

Thermostat device according to claim 7 or 8, characterized in that a
pretension of said second spring (15) is adjustable by a cam element
(18) which is mounted between said second spring (15) and an end
top (19) of said housing (2).

Thermostat device according to claim 9, characterized in that said
cam element (18) is mounted rotatably in said housing (2).

Thermostat device according to claim 9 or 10, characterized in that
said cam element (18) comprises at least one working area, each
working area comprising at least two different regions (20, 21, 22),

said regions (20, 21, 22) differing in a pretension characteristic.
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13

Thermostat device according to any of claims 9 to 11, characterized
in that said cam element (18) is in threaded connection with a second
pretension screw (17), said second pretension screw (17) being
positioned between said cam element (18) and said second spring
(15).

Thermostat device according to any of claims 1 to 12, characterized
in that said housing (2) comprises a predetermined number of
grooves (25) running parallel to said longitudinal axis (3), wherein
said second element (9) comprises gliding elements (26) which are

arranged in said grooves (25).

Thermostat device according to claim 13, characterized in that said
housing (2) comprises three grooves (25) spaced in circumferential
direction by 120°.

Thermostat device according to claim 13 or 14, characterized in that
said gliding elements (26) are of V-shape, in particular with rounded
tips (27).
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