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(57) Abstract: The invention relates to an actuation system for automatic actuation of at least one element (2, 8, 11) covering an 
O opening of a household appliance. The actuation system comprises at least one actuation element (3) constituted by at least one 

shape memory alloy element. The actuation system is adapted to actuate the element (2, 8, 11) when applying heat to the actuation 
element.
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Actuation system and oven comprising said actuation system 

FIELD OF THE INVENTION 

5 The present invention relates generally to the field of actua

tion systems. More specifically, the present invention is relat

ed to an activation system for household appliances based on 

shape memory alloys.  

0 BACKGROUND OF THE INVENTION 

Ovens for food preparation are well-known in prior art. Said ov

ens comprise a base body forming an oven cavity with a cavity 

opening for receiving the food to be prepared. In addition, the 

5 oven comprises a door for closing the cavity opening. The oven 

door acts as thermal barrier to keep the heat energy in the cav

ity during operation of the oven. Typically, oven doors are at 

least partially transparent in order to enable the user to con

trol the process of foot preparation within the closed cavity.  

!0 

The oven door may be pivotally mounted to the oven cavity by 

means of hinges which allow a movement of the oven door relative 

to the oven cavity. There are several types of door arrange

ments, which are particularly suited for actuation by actuation 

25 systems, namely a so-called drop-down door which is pivotally 

mounted at a horizontal rotation axis, a so-called side-opening 

door pivotally mounted at a vertical rotation axis or a so

called "French door" consisting of two doors being pivotally 

mounted at opposite sides of the oven cavity to be opened by ro

30 tating or swinging in different directions around vertical rota

tion axes.  

Typical oven doors are manually operated. They comprise a handle 

for applying manual force to the door to be opened. Furthermore,
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another type of ovens comprises an automatically actuated door 

wherein the activation is done by an electric motor.  

A drawback of known ovens comprising an automatically actuated 

5 door is that the electric motor requires a lot of space which 

has negative impact on the volume of the oven cavity. Further

more, electric motors are expensive and mechanical coupling of 

the motor to the door to be opened is quite complex. According

ly, there is a need for improvements of existing household ap

o pliances comprising an automatically actuated door in order to 

save installation space within the household appliance and to 

save costs and constructional expenses.  

Any reference herein to known prior art does not, unless the 

5 contrary indication appears, constitute an admission that such 

prior art is commonly known by those skilled in the art to which 

the invention relates, at the priority date of this application.  

SUMMARY OF THE INVENTION 

!0 

It is an objective of embodiments of the invention to provide 

for an improved activation system for a household appliance and 

a household appliance with an improved door activation system.  

According to a first aspect of the invention, the invention re

25 lates to an actuation system for automatic actuation of at least 

one element covering an opening of a household appliance. The 

opening may be a cavity opening or an opening providing access 

to interior parts of the household appliance. Said element may 

be a door covering a cavity of the household appliance or a cov

30 ering element adapted to cover an opening of the household ap

pliance. The household appliance may be an oven, a heatable 

drawer, a refrigerator, a freezer etc. The actuation system com

prises at least one actuation element constituted by at least 

one shape memory alloy element and the actuation system is
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adapted to actuate the element when applying heat to the actua

tion element.  

When activating the actuation system, the element may get opened 

5 or closed. Advantageously, the inventive actuation system is 

significantly smaller than actuation systems comprising an elec

trical motor with comparable actuating performance. Additional

ly, actuation systems based on shape memory alloys are less ex

pensive because said actuators do not need rare-earth magnets 

0 like compact electrical motors of comparable performance. Final

ly, in contrast to conventional electrical motors, actuation 

systems based on shape memory alloys operate silently, so there 

is no noise generated while opening the element.  

5 According to preferred embodiments, the actuation element com

prises a plurality of shape memory alloy wires and/or the actua

tion element comprises a stack of at least two laminar shape 

memory alloy elements. Thereby, the force generated by the actu

ation system can be significantly increased.  

!0 

According to preferred embodiments, the actuation element com

prises a planar shape and is adapted to contract to a memorized 

shape when heated. Thereby, the actuation of the element may be 

achieved by a tensile force applied to the element and/or the 

25 body of the household appliance, respectively, to the arms of a 

hinge pivotally mounting the element to the household appliance.  

According to preferred embodiments, the actuation element com

prises a curved shape and is adapted to reduce the curvature 

30 when heated. Thereby, the actuation of the element may be 

achieved by a pressure applied to the element and/or the body of 

the household appliance, respectively, to the arms of a hinge 

pivotally mounting the element to the body of the household ap

pliance.  

35
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According to preferred embodiments, the actuation system is an 

integral part of a hinge for pivotally mounting the element to 

the body of the household appliance. Said hinge may be specifi

cally adapted to the active principle of the actuation element 

5 thereby raising the performance of the actuation system.  

According to preferred embodiments, the actuation system forms 

an extension module to be integrated in or connected to an ex

isting hinge. So, the extension module may be adapted to be ar

0 ranged at standard hinges, especially standard household appli

ance hinges and a plurality of passive hinges can be retrofitted 

with the actuation system according to the invention.  

According to preferred embodiments, the actuation element is 

5 electrically heated. Said heating may be achieved by an electri

cal heating element which is thermally coupled with the SMA ac

tuation element or said SMA actuation element heating itself by 

Joule heating, i.e. resistance heating.  

0 According to a second aspect, the invention refers to a house

hold appliance comprising at least one element covering an open

ing of the household appliance. The household appliance compris

es at least one actuation system described above for automatic 

actuating the at least one element. The household appliance may 

25 be an oven, a heatable drawer, a refrigerator, a freezer etc.  

The opening may be a cavity opening or an opening providing ac

cess to interior parts of the household appliance, for example 

to a frequently operated object, e.g. a water tank. Said element 

may be a door covering a cavity of the household appliance or a 

30 covering element adapted to cover an opening of the household 

appliance.  

According to preferred embodiments, the element is designed to 

be opened from a closed position to a maximum opening angle and 

35 the actuation system is adapted to actuate the element through a
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portion of the maximum opening angle. Thereby, the opening of 

the element may be realized with lower technical effort.  

According to preferred embodiments, a handle of the element is 

5 located such that it only gets accessible to the user after the 

element has at least partially been opened by the actuation sys

tem. Thereby, in the closed state the handle is invisible and 

does not stick out laterally at the outer face of the household 

appliance.  

0 

According to preferred embodiments, the element is pivotally 

mounted to the body of the household appliance by at least two 

hinges, wherein one of said hinges is actuated by the actuation 

system. Thereby the actuation may be realized with reduced tech

5 nical effort.  

According to preferred embodiments, the element is pivotally 

mounted to the body of the household appliance by at least two 

hinges, wherein two or more of said hinges are actuated by the 

o actuation system. Thereby the actuation force may be additional

ly raised.  

According to preferred embodiments, two elements are pivotally 

mounted at opposite sides of the body of the household appliance 

25 to be opened by rotating or swinging in different directions, 

wherein each element is autonomously moved by a separate actua

tion system. The activation and control of the elements may be 

synchronized in order to achieve desired opening characteris

tics.  

30 

According to other preferred embodiments, two elements are piv

otally mounted at opposite sides of the body of the household 

appliance to be opened by swiveling in different directions, 

wherein the two elements are connected by a mechanic coupling 

35 mechanism and mechanically powered by only one actuation system.
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Thereby the actuation may be realized with reduced technical ef

fort.  

In another aspect, the present invention provides An actuation 

5 system for automatic actuation of at least one element covering 

an opening of a household appliance, wherein 

the actuation system comprises at least one actuation ele

ment constituted by at least one shape memory alloy element and 

the actuation system is adapted to actuate the element when ap

o plying heat to the actuation element, the actuation element com

prising a planar shape and is adapted to contract to a memorized 

shape when heated in order to apply a tensile force to the arms 

of a hinge which pivotally mounts the elements to the body of 

the household appliance, or the actuation element comprises a 

5 curved shape and is adapted to reduce the curvature when heated 

in order to apply a pressure to the arms of said hinge.  

The actuation element can comprise a plurality of shape memory 

alloy wires and/or the actuation element comprises a stack of at 

0 least two laminar shape memory alloy elements.  

The actuation system can be an integral part of said hinge for 

pivotally mounting the element to the body of the household ap

pliance.  

25 

The actuation system can form an extension module to be inte

grated in an existing hinge.  

The actuation element can be electrically heated.  

30 

The element actuated by the actuation element can be a door cov

ering a cavity of the household appliance and/or a covering ele

ment to be moved relatively to the body of the household appli

ance.  

35
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The present invention also provides a household appliance com

prising an at least one element covering an opening of the 

household appliance, wherein the household appliance comprises 

at least one actuation system as mentioned in the paragraphs 

5 above.  

In the household appliance, the element actuated by the actua

tion element can be a door covering a cavity of the household 

appliance and/or a covering element to be moved relatively to 

o the body of the household appliance.  

The element can be adapted to be opened from a closed position 

to a maximum opening angle and the actuation system can be 

adapted to actuate the element through a portion of the maximum 

5 opening angle.  

A handle of the element can be located such that it only gets 

accessible to the user after the element has at least partially 

been opened by the actuation system.  

!0 

The element can be pivotally mounted to the body of the house

hold appliance by at least two hinges, wherein one of said hing

es is actuated by the actuation system.  

25 The element can be pivotally mounted to the body of the house

hold appliance by at least two hinges, wherein two or more of 

said hinges are actuated by the actuation system.  

The household appliance can comprise two elements being pivotal

30 ly mounted at opposite sides of the body of the household appli

ance to be opened by swinging in different directions, wherein 

each element is autonomously moved by a separate actuation sys

tem or the two elements are connected by a mechanic coupling 

mechanism and mechanically powered by only one actuation system.  

35
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The term "essentially" or "approximately" as used in the inven

tion means deviations from the exact value by +/- 10%, prefera

bly by +/- 5% and/or deviations in the form of changes that are 

insignificant for the function.  

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various aspects of the invention, including its particular 

features and advantages, will be readily understood from the 

o following detailed description and the accompanying drawings, in 

which: 

Fig. 1 shows a schematic side view of an oven with a partially 

opened door; 

5 Fig. 2 shows a schematic top view of an oven with a partially 

opened door; 

Fig. 3 shows a schematic top view of an oven with partially 

opened "French-type" doors; 

Fig. 4 shows a first type of shape memory alloy with a essen

!0 tially planar structure; 

Fig. 5 shows a second type of shape memory alloy with a curved 

structure; 

Fig. 6 shows an actuation element comprising a stack of planar 

shape memory alloys; 

25 Fig. 7 shows an actuation element comprising a plurality of 

shape memory alloy wires; 

Fig. 8 shows a hinge with an actuation element in a schematic 

side view; 

Fig. 9 shows a schematic side view of an oven with a partially 

30 opened sliding door; 

Fig. 10 shows a schematic side view of a heatable drawer with a 

sliding element; and
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Fig. 11 shows a schematic side view of an oven with a partially 

opened covering element.  

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 

The present invention will now be described more fully with ref

erence to the accompanying drawings, in which example embodi

ments are shown. However, this invention should not be construed 

as limited to the embodiments set forth herein. Throughout the 

o following description similar reference numerals have been used 

to denote similar elements, parts, items or features, when ap

plicable.  

In the following, the embodiments of the invention are described 

5 using an oven as an example of a household appliance. Fig. 1 to 

Fig. 3 show different types of ovens 1. All ovens 1 comprise an 

oven cavity 6 with a cavity opening 6.1 and at least one oven 

door 2 which is adapted to cover the cavity opening 6.1. Fig. 1 

shows a schematic side view of an oven 1 with a so-called drop

o down door, i.e. the door is pivotally mounted at a lower border 

of the oven cavity 6.1 in order to enable the door to pivot 

around a lower horizontal pivot axis. The door is adapted to be 

opened from a closed position in which the cavity opening is 

sealed to a maximum opening angle amax. The maximum opening angle 

25 masx may be 90' or essentially 90*.  

Fig. 2 shows a schematic top view of an oven 1 with a side

opening door, i.e. the door is pivotally mounted at the left or 

right border of the oven cavity 6.1 in order to enable the door 

30 to pivot around a vertical pivot axis. The door is adapted to be 

opened from a closed position in which the cavity opening is 

sealed to a maximum opening angle amax. The maximum opening angle 

ymasx may be 900 or essentially 90'.  

35 Fig. 3 shows a schematic top view of an oven 1 with so-called
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"French-door" concept. The oven 1 comprises a pair of oven doors 

2, 2' wherein a first door 2 is pivotally mounted at the left 

border of the oven cavity 6.1 by a first vertical pivot axis and 

a second door 2' is pivotally mounted at the right border of the 

5 oven cavity 6.1 by a second vertical pivot axis parallel to the 

first pivot axis. In other words, the doors 2, 2' are mounted at 

opposite sides of the oven cavity 6.1, wherein the first door 2 

opens to the left side and the second door 2' opens to the right 

side. If both doors 2, 2' are closed, the cavity opening 6.1 is 

0 covered by both doors 2, 2'. Both doors are adapted to be opened 

from a closed position in which the cavity opening 6.1 is sealed 

to a maximum opening angle amax. The maximum opening angle masx 

may be 900 or essentially 90'.  

5 Fig. 4 and 5 show actuation elements 3 for actuating an oven 

door 2. The actuation element 3 is formed by a shape memory al

loy element consisting of a shape memory alloy (SMA). Shape 

memory alloy is characterized by a cold state, i.e. when the 

temperature of the alloy is below its martensite finish tempera

o ture. A shape memory alloy is also characterized by a hot state, 

i.e., in the temperature of the alloy is above its austenite 

finish temperature. An object formed of the alloy may be charac

terized by a predetermined shape. When the object is deformed in 

the cold state, the strain may be reversed by heating the object 

25 above its austenite finish temperature, i.e. heating the object 

above its austenite finish temperature will cause the object to 

return to its predetermined shape.  

A first type of actuation element 3 shown in fig. 4 may comprise 

30 a planar or essentially planar shape in the released, cold 

state. When heat is applied to the actuation element 3 (as indi

cated by the arrow), the geometric dimensions of the actuation 

element 3 are reduced, e.g. the length is reduced from a first 

length 11 (cold length) to a second length 12 (hot length), 

35 wherein 12 < 11. In other words, the actuation element 3 is con-
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tracting to a memorized length by applying heat. Thereby, ten

sile force can be applied to the oven door 2, respectively, the 

oven cavity 6 in order to actuated the oven door 2, i.e. the 

tensile force leads to an opening and/or closing of the oven 

5 door 2.  

Fig. 5 shows a second type of actuation element 3. The actuation 

element 3 comprises curved shape. In the current embodiment, the 

actuation element 3 shows a convex shape in the released, cold 

0 state. By heating the actuation element 3 (as indicated by the 

arrow), said actuation element 3 is activated and the curvature 

is minimized or the actuation element 3 reforms to a straight, 

planar shape. Due to the deforming, pressure F (as indicated by 

the dashed arrow) can be applied to the oven door 2, respective

5 ly, the oven cavity 6 in order to actuated the oven door 2, i.e.  

the pressure leads to an opening and/or closing of the oven door 

2.  

Typically, actuation systems based on single shape memory alloy 

0 wires are restricted to applications where only low to medium 

forces occur. In order to increase the force of the actuation 

system, a plurality of shape memory alloy elements may be com

bined within the actuation system.  

25 Fig. 6 shows a stacked arrangement of laminar shape memory alloy 

elements 4b. The shape memory alloy elements 4b may be adapted 

to apply tensile force (as described before in connection with 

fig. 4) or may be adapted to apply pressure (as described before 

in connection with fig. 5). When heat is applied to the stack of 

30 shape memory alloy elements 4b, all elements are deformed lead

ing to an increased tensile force or pressure.  

Fig. 7 shows another possibility of increasing the actuation 

force of the actuation system. The shape memory alloy element 4a 

35 shows a steel-rope-like structure with a round cross-section.
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The shape memory alloy element 4a comprises a plurality of wires 

consisting of shape memory alloy. When heat is applied to the 

plurality of wires, all wires are deformed leading to an in

creased tensile force.  

5 

Fig. 8 shows a schematic integration of the actuation system 

comprising at least one actuation element 3 made of shape memory 

alloy in a hinge 5 adapted for pivotally mounting an oven door 2 

to the oven cavity 6. The actuation element 3 may be an integral 

o part of the hinge 5, i.e. the hinge 5 replaces a conventional 

hinge of the oven.  

In another embodiment, the actuation element 3 may be adapted as 

extension module which may be capable of being integrated into 

5 an existing hinge 5. Thereby, it is possible to combine the ex

tension module with different types of conventional hinges 5.  

The actuation element 3 may be thermally coupled with an elec

tric heating element 7 for applying heat to the actuation ele

o ment 3. Alternatively, the actuation element 3 may comprise a 

heating element embedded in the interior of the actuation ele

ment 3. The electric heating element 7 may be connected to the 

mains supply or powered via a transformer with an appropriate 

voltage.  

25 

According to preferred embodiments, the actuation system may be 

adapted to open the oven door 2 from a closed position to a cer

tain opening angle P wherein the opening angle P is smaller than 

the maximum opening angle xmasx of the oven door 2 (P < ymax). The 

30 oven may comprise a handle which is not accessible by the user 

in the closed position of the oven door 2. If the oven door 2 is 

automatically opened by the actuation system to the opening an

gle P, the handle may be accessible and may be manually opened 

by the user by means of the handle.  

35
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The oven door 2 may be mounted to the oven cavity 6 by means of 

at least two hinges 5, wherein only one hinge comprises an actu

ation system as described before. In another embodiment, at 

least two or all hinges 5 fixing the oven door 2 at the oven 

5 cavity 6.1 comprise said actuation system and the actuation ele

ments 3 of the actuation systems are synchronously powered in 

order to cause the oven door 2 to be opened.  

In "French-type" ovens comprising a pair of oven doors 2, 2' 

o each door may comprise at least one actuation system based on a 

shape memory alloy actuation element 3. In other words, each 

door is driven by a separate actuation system. Alternatively, 

only one door comprises an actuation system as mentioned above 

and the further door is driven by a mechanically coupling be

5 tween the first and second door 2, 2'. Thereby, both doors can 

be opened using only one actuation system.  

Fig. 9 shows as a further embodiment an oven 1 with a sliding 

oven door 2. The sliding oven door is adapted to be pulled away 

0 from the oven cavity 6 for opening the cavity and to be slid in 

for closing the cavity. The movement of the sliding oven door 

may be at least partially actuated by an actuation system com

prising at least one SMA element.  

25 Fig. 10 shows as a heatable drawer 10. The heatable drawer com

prises a sliding element 11 and a heatable cavity 12. The slid

ing element 11 is adapted to be pulled away from the heatable 

cavity 12 for opening the cavity and to be slid in for closing 

the heatable cavity 12. The movement of the sliding element 11 

30 may be at least partially actuated by an actuation system com

prising at least one SMA element.  

Fig. 11 shows as a further embodiment an oven 1 with a movable 

covering element 8. The covering element 8 may be constituted by 

35 the control panel or may comprise said control panel. Said con-
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trol panel may comprise a user interface for operating the oven 

1. The covering element 8 is rotatably mounted at the cavity by 

means of a hinge, wherein the rotation axis may be a vertical or 

a horizontal axis. The movement of the covering element 8 may be 

5 at least partially actuated by an actuation system comprising at 

least one SMA element. The covering element 8 may in a closed 

position cover an opening of the oven 1 and may provide access 

to said opening in an open position. Within said opening a de

tachable part 9 of the oven may be located, for example a water 

o tank of a steam cooker.  

Above, embodiments of the door actuation system according to the 

present invention as defined in the appended claims have been 

described. These should be seen as merely non-limiting examples.  

5 As understood by a skilled person, many modifications and alter

native embodiments are possible within the scope of the inven

tion.  

Where ever it is used, the word "comprising" is to be understood 

0 in its "open" sense, that is, in the sense of "including", and 

thus not limited to its "closed" sense, that is the sense of 

"consisting only of". A corresponding meaning is to be attribut

ed to the corresponding words "comprise", "comprised" and "com

prises" where they appear.  

25 

While particular embodiments of this invention have been de

scribed, it will be evident to those skilled in the art that the 

present invention may be embodied in other specific forms with

out departing from the essential characteristics thereof. The 

30 present embodiments and examples are therefore to be considered 

in all respects as illustrative and not restrictive, and all 

modifications which would be obvious to those skilled in the art 

are therefore intended to be embraced therein.
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List of reference numerals 

1 oven 

2, 2' oven door 

3 actuation element 

4a, 4b shape memory alloy element 

5 hinge 

6 oven cavity 

6.1 cavity opening 

7 electric heating element 

8 detachable part 

9 covering element 

10 heatable drawer 

11 sliding element 

12 heatable cavity 

amax maximum opening angle 

reduced opening angle 

11 first length 

12 second length



P5121AUG0 

16 

Claims 

1. An actuation system for automatic actuation of at least one 

element covering an opening of a household appliance, wherein 

the actuation system comprises at least one actuation element 

constituted by at least one shape memory alloy element and 

the actuation system is adapted to actuate the element when 

applying heat to the actuation element, the actuation element 

comprising a planar shape and is adapted to contract to a 

memorized shape when heated in order to apply a tensile force 

to the arms of a hinge which pivotally mounts the elements to 

the body of the household appliance, or the actuation element 

comprises a curved shape and is adapted to reduce the curva

ture when heated in order to apply a pressure to the arms of 

said hinge.  

2. An actuation system as claimed in claim 1, wherein the actua

tion element comprises a plurality of shape memory alloy 

wires and/or the actuation element comprises a stack of at 

least two laminar shape memory alloy elements.  

3. An actuation system as claimed in anyone of the preceding 

claims, wherein the actuation system is an integral part of 

said hinge for pivotally mounting the element to the body of 

the household appliance.  

4. An actuation system as claimed in anyone of the preceding 

claims 1 to 2, wherein the actuation system forms an exten

sion module to be integrated in an existing hinge.  

5. An actuation system as claimed in anyone of the preceding 

claims, wherein the actuation element is electrically heated.  

6. An actuation system as claimed in anyone of the preceding 

claims, wherein the element actuated by the actuation element
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is a door covering a cavity of the household appliance and/or 

a covering element to be moved relatively to the body of the 

household appliance.  

7. A household appliance comprising an at least one element cov

ering an opening of the household appliance, wherein the 

household appliance comprises at least one actuation system 

as claimed in anyone of the preceding claims for automatic 

actuating the at least one element.  

8. A household appliance as claimed in claim 7, wherein the ele

ment actuated by the actuation element is a door covering a 

cavity of the household appliance and/or a covering element 

to be moved relatively to the body of the household appli

ance.  

9. A household appliance as claimed in claim 7 or claim 8, 

wherein the element is adapted to be opened from a closed po

sition to a maximum opening angle and the actuation system is 

adapted to actuate the element through a portion of the max

imum opening angle.  

10. A household appliance as claimed in anyone of claims 7 to 9, 

wherein a handle of the element is located such that it only 

gets accessible to the user after the element has at least 

partially been opened by the actuation system.  

11. A household appliance as claimed in anyone of claims 7 to 10, 

wherein the element is pivotally mounted to the body of the 

household appliance by at least two hinges, wherein one of 

said hinges is actuated by the actuation system.  

12. A household appliance as claimed in anyone of claims 7 to 10, 

wherein the element is pivotally mounted to the body of the
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household appliance by at least two hinges, wherein two or 

more of said hinges are actuated by the actuation system.  

13. A household appliance as claimed in anyone of claims 7 to 

10, comprising two elements being pivotally mounted at oppo

site sides of the body of the household appliance to be 

opened by swinging in different directions, wherein each ele

ment is autonomously moved by a separate actuation system or 

the two elements are connected by a mechanic coupling mecha

nism and mechanically powered by only one actuation system.
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