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(54) Microwave cooking device and method with vertically moveabel tray
(57)  The present invention relates to a microwave
cooking device (10) comprising an essentially euboidal
cooking cavity (12), an essentially rectangular tray (16)

and a driving system, whereas the tray (16) is horizontally
arranged in said cavity (12) and movable by means of
said driving system, characterized in that the tray (16)
is movable vertically by means of said driving system.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a microwave
cooking device and to a microwave cooking method.

BACKGROUND TECHNOLOGY

[0002] Microwave cooking devices of the above men-
tioned kind are for example known from EP 1 272 008
A2. The microwave cooking device described in this doc-
ument comprises a cooking cavity for receiving foodstuff
to be heated and a door for opening and closing the cook-
ing cavity. A magnetron, which generates high frequency
microwave radiation, is provided above the cavity to heat
foodstuff arranged on a tray received inside the cavity.
The cavity and the tray both have a rectangular base.
Due to the reflection of the microwaves at the cavity walls
interferences are created, which cause an uneven distri-
bution of the microwave energy inside the cavity. This
results in an uneven heating of the foodstuff placed on
the tray.

[0003] To achieve a uniform heating of the foodstuff,
the tray has a smaller extension in one of the axes of its
extension plane and is connected to a driving system to
move the tray in the direction of this axis. To facilitate the
movement of the tray, a support frame is located below
the tray, which is equipped with four lateral wheels, which
are arranged to roll in the direction of the movement of
the tray. The drive means comprise a motor, which is
located below the tray and a rotating disc, which is ar-
ranged horizontally below the tray and driven by the mo-
tor. The disc is provided with an eccentric protrusion,
which is vertically arranged and inserted into a longitu-
dinal slit of the tray. The slit extends orthogonally to the
direction of the movement of the tray. Accordingly, a ro-
tary movement of the motor and the disc is converted
into the linear movement of the tray.

[0004] To further facilitate a uniform heating of the
foodstuff, symmetric convex portions are provided at
identical positions relative to each wheel. When the tray
is moved, the wheels simultaneously pass over the con-
vex portions, so that the entire tray is moved vertically in
accordance with the horizontal displacement. The verti-
cal movement depends on the form of the convex por-
tions. Inorderto keep the tray and the protrusion engaged
during the movement of the tray, the slit and the protru-
sion have to be provided with a sufficient depth and length
respectively.

[0005] Due tothe horizontal movement of the tray, only
a limited portion of the cavity is available for receiving
foodstuff. Moreover, the vertical displacement of the tray
is predefined by the shape of the convex portions and
cannot be adapted to the dimensions, in particular to the
height of a particular foodstuff item placed on the tray.
[0006] Another commonly used microwave cooking
device 1 is shown in FIG1. This heating device 1 com-
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prises a cuboidal cooking cavity 2 and a door 3. A mag-
netron is placed within the top portion of the cooking cav-
ity 2 to generate microwave radiation 4 for heating the
foodstuff. A round turntable 5 is provided at the rectan-
gular bottom of the cooking cavity 2 to receive the food-
stuff thereon. Since the bottom of the cavity 2 is rectan-
gular and the turntable 5 is round, only a limited part of
the cooking cavity 2 can be used for receiving the food-
stuff to be heated. Moreover, especially the center region
of the turntable 5 is only slightly displaced by the rotation.
Therefore, a uniform heating of the foodstuff cannot be
achieved in this area.

[0007] Another prior art microwave cooking device is
known from US 5,804,800, which is based on the micro-
wave cooking device shown FIG 1. In order to further
improve the heating of the foodstuff, a lifting mechanism
is provided to vertically move the turntable. Rotation and
liting of the turntable are performed at the same time.
Due to the double movement of the turntable, the turn-
table requires a support having a rather complicated
structure, and the stability of the tray is sometimes not
sufficient. Moreover, the over-all construction of such a
microwave cooking device is rather complicated. Due to
the fact that the bottom of the cavity is rectangular and
the turntable is round, a significant part of the cavity can-
not be used for receiving foodstuff to be heated.

[0008] Starting from the above mentioned prior art
technology it is an object of the present invention to pro-
vide a microwave heating or cooking device or method
that heats items, in particular food, uniformly or more
uniformly.

DISCLOSURE OF THE INVENTION

[0009] In order to solve this object the present inven-
tion provides in afirst aspect a microwave cooking device
(or: microwave cooking oven) of the above mentioned
kind comprising a cooking cavity which is in particular
essentially cuboid-shaped, at least one cooking tray
which is in particular essentially rectangular and a driving
system, wherein the tray is arranged horizontally (or: in
horizontal direction or position) in said cavity and mova-
ble by means of said driving system, and wherein the
tray is movable vertically within the cooking cavity by
means of said driving system.

[0010] Inordertosolve the objectthe presentinvention
provides in a second aspect a microwave cooking meth-
od of the above mentioned kind wherein the tray with
cooking items such as foodstuff placed thereon is moved
vertically within the cavity by means of a driving system
during the irradiating of microwave radiation.

[0011] Accordingly, to achieve a uniform heating of the
foodstuff, the drive means move the tray vertically inside
the cavity, so that the foodstuff is moved through areas
of microwave radiation with different intensity. This move-
ment can be realized as a constantly repeated lifting and
lowering of the tray. The velocity can also be adopted,
e.g. to a pre-set heating time of the microwave cooking
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device, so that the tray is lifted a certain number of times
during this pre-set time period. It is also possible that the
tray is only lifted and lowered once during this pre-set
heating time.

[0012] Another beneficial effect of the vertical move-
ment of the tray is that lifting the foodstuff from the bottom
of the cavity reduces the distance to a magnetron for
creating the microwave radiation, which is usually in-
stalled at the upper side of the cavity. Accordingly, when
the tray is elevated from the bottom of the cavity, it ap-
proaches the source of the microwave radiation by what
the amount of microwave energy directly heating the
foodstuff is increased.

[0013] Preferably, the driving system comprises driv-
ing means and a pivotlever connecting the driving means
and the tray in such a manner that an actuation of the
driving means is converted into a vertical movement of
the tray. This allows a simple construction of the driving
means and provides it with a robust structure, because
the entire driving system is realized with a minimum
number of moving elements.

[0014] Furthermore, the pivot lever can be designed
to convert a rotary or linear movement of the driving
means into a vertical movement of the tray. A rotatory
movement of the driving means can be generated e.g.
by a motor, which acts directly or by means of a gear on
the pivot of the lever. If the driving means comprise a
hydraulic or pneumatic piston, the linearly moving piston
acts directly on the lever in order to pivot it. The pivotal
movement of the pivot lever causes the vertical move-
ment of the tray.

[0015] Preferably the cooking cavity is formed in an
essentially cuboid shape and the tray is shaped in an
essentially rectangular shape.

[0016] In general the tray can be provided with essen-
tially the same dimensions as the bottom of the cavity so
that the entire area of the cavity can be used for receiving
foodstuff to be heated.

[0017] Preferably the pivotlever comprises a drive arm
and a tray arm, both extending from a lever pivot axis,
whereas the drive arm is driven by the driving means and
the tray arm is designed to support the tray at its free
end. This offers a high flexibility for the construction of
the driving system so that the driving means can be
placed in the most suitable location. When the angle be-
tween the two arms is less than 180°, there is an even
increased freedom with respect to the construction of the
driving system, which can be made to occupy only few
installation space.

[0018] Furthermore the free end of the tray arm can
be provided with a roller element. The free end of the tray
armis in closed contact with and moves along the bottom
of the tray, so that the roller element facilitates this move-
ment. A cylindrical roller element is most suitable for this
purpose.

[0019] Preferably a guiding element is provided at the
bottom of the tray and designed to receive and to linearly
guide the free end of the tray arm. The guiding element
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may be provided in the from of a downwardly open groove
or rail, in which the free end of the tray arm is inserted.
[0020] Furthermore the drive arm can be designed
shorter than the tray arm. Accordingly, the pivot lever
provides a lever transmission which allows a fast vertical
movement of the tray caused by a slower movement of
the driving means.

[0021] Preferably, the pivot lever comprises multiple
drive arms and/or tray arms. Multiple tray arms allow a
more balanced support of the tray, which reduces the
risk of tilting. If multiple drive arms are provided, the driv-
ing means can actuate on each of the drive arms so that
the pivot lever does not suffer distortion due to an asym-
metric exertion of the driving force.

[0022] Furthermore, a support can be provided be-
tween the driving system and the tray for horizontally
supporting the tray inside the cavity. The support can be
supported by or connected to the driving system. The
tray itself can be easily removed from the cavity, e.g. for
cleaning purposes, since it is merely placed on top of the
support. The before mentioned guiding element can be
alternatively provided at the bottom side of the support.
This enables a reliable movement of the free end of the
tray arm along the bottom of the support.

[0023] Preferably the tray or the support comprises
guiding rollers, which are located in such a manner that
they roll along side walls, preferably opposite side walls
of the cavity when the tray is vertically moved. The guid-
ing rollers are in permanent contact with the respective
side walls, such that a horizontal displacement of the tray
is avoided. A smooth vertical movement of the tray is
enabled so that foodstuff items like e.g. bottle shaped
items are not subject to lateral forces which might make
them turn over. The guiding rollers minimize friction be-
tween the side walls and the tray or the support, such
that the tray can be moved with a minimum force. Ac-
cordingly, the use of compact drive means enables a
compact design of the microwave cooking device.
[0024] Furthermore, the guiding rollers can have a cy-
lindrical shape. This enables a reliable contact between
the guiding rollers and the side walls. When multiple cy-
lindrical guiding rollers are arranged at least along one
of the side walls, a tilting of the support or the tray can
be reliably avoided.

[0025] Preferably the lever pivot axis extends essen-
tially orthogonal with respect to the side walls being in
contact with the guiding rollers. In this way, even when
the current position of the free end of the tray arm is not
centric below the tray, the support or the tray is reliably
moved in the vertical direction without the risk of tilting.
[0026] Furthermore, a sensor device can be provided
for determining an upper limit for the vertical movement
ofthetray. This allows to adopt a maximum vertical move-
ment of the tray to foodstuff items of different height, so
that e.g. a flat plate receives a larger vertical displace-
ment than a standing bottle. The upper limit can be dis-
played to the user so that the user can adjust the upper
limit for the vertical movement.
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[0027] Preferably, the sensor device is connected to
the driving system, which is adopted to control the driving
means on the basis of an input from the sensor device.
Accordingly, the driving system is automatically fed with
the upper limit determined by means of the sensor device
so that no user interaction is required for setting this limit.
[0028] The sensor device can comprise a weight sen-
sor for detecting the weight of an item placed on the tray
and a computing device for calculating and estimated
height of the item based on the detected weight. One
possibility to measure the weight is to integrate at least
one strain gauge into one or more of the drive arms of
the pivot lever and to determine the change of the elec-
trical conductivity or signal which depends on the weight.
[0029] Preferably the sensor device comprises a sen-
sor for detecting the height of an item to be heated. This
allows an exact evaluation of the height of the item and
a precise adjustment of the upper limit of the movement
of the tray.

[0030] Furthermore the sensor for detecting the height
of the item to be heated can be an optical sensor. An
image taken from the optical sensor can be analyzed to
determine the height of the item which is placed on the
tray.

[0031] Alternatively, the sensor device can comprise
a light beam sensor or other sensor, which is located in
an upper region of the cavity and designed to determine
the upper limit for the vertical movement of the tray, in
particular upon interruption of the light beam. Even if the
form of the item changes, e.g. in the case of convenience
food, which is provided in a plastic bag for microwave
heating and which can increase its volume during the
heating process, the vertical movement can be adopted
to the champing height of the item on the basis of a per-
manent monitoring by means of the light beam sensor.

[0032] Further possibilities for sensor device comprise
other sensors for electromagnetic radiation such as mi-
crowave sensors and/or Infrared (IR) sensors and/or a
sensor based on Terahertz frequencies.

[0033] The driving means can be provided as an elec-
tric or thermoelectric driving means. The thermoelectric
driving means reduces the energy consumption of the
microwave cooking device by generating energy from
the temperature difference between the inside and the
outside of the cavity.

[0034] Finally, the tray can be made of glass, ceramics
or high-temperature plastics. These materials are suita-
ble for use in a microwave cooking device, since their
temperature does not increase under the exposure of
microwaves.

BRIEF DESCRIPTION OF THE ACCOMPANYING
DRAWINGS

[0035] The detailed configuration, features and advan-
tages of the present invention will become apparent in
the course of the following description with reference to
the accompanying drawings.

10

15

20

25

30

35

40

45

50

55

FIG1 s a front view of a known microwave cooking
device,

FIG2 s a front view of a microwave cooking device
according to an embodiment of the present in-
vention,

FIG3 s across sectional view of a support of the mi-
crowave cooking device shown in FIG 1,

FIG4 is atop view of the support shown in FIG 3,

FIG5 s a perspective view of a pivot lever of the mi-
crowave cooking device shown in FIG 1,

FIG6 isacross sectional view of the microwave cook-
ing de- vice shown in FIG 1, whereas a tray is
arranged at the bottom of the cavity, and

FIG7 is a view similar to FIG 6, whereas the tray is
lifted to an elevated position.

[0036] FIG 2 shows a microwave cooking device 10

according to an embodiment of the present invention.
The microwave cooking device 10 comprises a control
panel 11, a rectangular cooking cavity 12 and a door 13,
which is provided with a shielding and a wave trap. The
cavity 12 comprises at its upper side 14 a magnetron for
generating microwave radiation. At the rear wall 15 of
the cavity 12 a fan is installed for circulating the air within
the cavity 12. The cavity 12 is surrounded by a microwave
shielding in a known manner.

[0037] The microwave cooking device 10 further com-
prises a rectangular tray 16, which extends essentially
between the lateral side walls 17 of the cavity 12 and has
the same horizontal dimensions. The tray 16 is made of
glass and arranged on a support 18 composed of a flat
frame 20. Each lateral side of the frame 20 is provided
with a pair of protrusions 22 for holding cylindrical guiding
rollers 24, which are in rolling contact with the opposite
side walls 17 of the cavity 12. The rotational axes of the
guiding rollers 24 are arranged horizontally so that the
guiding rollers 24 are movable up- and downwards along
the side walls 26. Two guiding elements 28 are arranged
at the bottom of the support 18. Each guiding element
28 is provided in the form of a groove and extends in
parallel to the lateral sides of the support 18. The opening
of each groove 28 faces the bottom 29 of the cavity 12.
[0038] A pivot lever 30 is arranged below the support
18, which pivot lever 30 is pivotably held by means of
two pins 32. The pins 32 are positioned on a common
lever pivot axis, which is indicated by the dashed line 34
in FIG 5. A drive arm 36 and a tray arm 38 extend radially
from each of the pins 32. The drive arm 36 is shorter than
the tray arm 38 in order to create a lever transmission.
The angle between the drive arm 36 and the tray arm 38
is approximately 120°. The tray arms 38 are connected
by a barelement40, which is orthogonally arranged there
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between. The free end of each tray arm 38 is provided
with a roller element 42, which is movably received and
guided in the groove 28 of the support 18. The pivot lever
30 is held at the rear end of the bottom 29 of the cavity
12. The free end of the drive arm 36 is connected to drive
means 44 comprising a cylinder 46, which is fixed at the
rear wall 15 of the cavity 12, and a piston 48, which acts
on the free end of the drive arm 36.

[0039] The microwave cooking device 10 further com-
prises a sensor device for determining an upper limit for
the vertical movement of the tray 16. The sensor device
is connected to the driving system, which comprises a
control device (not shown), which is adapted to control
the driving means on the basis of the input from the sen-
sor device. The sensor device comprises a light beam
sensor, which is located in an upper region of the cavity
12 and comprises a light source 50, which is directed
towards a light sink 52. An interruption of the light beam
is detected by the light sink 52, whereupon the sensor
device sends a control signal to the driving system.

[0040] The operation of the microwave cooking device
10 is as follows.
[0041] Initially, the tray 16 is located at the bottom of

the cavity 12. An item to be heated, usually some kind
of foodstuff, is placed on top of the tray 16 and the door
13 is closed so that the cavity 12 is fully shielded. When
the operation of the microwave cooking device 10 is start-
ed by a corresponding manipulation of its control panel
11, the magnetron is activated to generate microwave
radiation. Simultaneously the driving system is activated
to periodically perform a vertical upward and downward
movement of the tray 16 inside the cavity 12.

[0042] More precisely, the driving system activates the
driving means 44, which starts to push the piston 48 out
of the cylinder 46. The linear movement of the driving
means 44, which is indicted by arrow 60, is converted
into a rotational movement of the pivot lever 30 around
its lever pivot axis 34, which is indicated by arrow 62.
When the tray arm 38 starts rotating, it pushes the support
18 upwards along with the tray 16. During the vertical
movement of the tray 16, the roller element 42 provided
at the free end of the tray arm 38 is guided inside the
groove 28 and rolls along the bottom of the support 18.
Moreover, the guiding rollers 24 roll along the side walls
17 of the cavity 12.

[0043] Whenthetray 16 is further moved upwards, the
item placed on the tray 16 interrupts the light beam emit-
ted from the light source 50 towards the light sink 52.
This interruption indicates that an upper limit for the ver-
tical movement of the tray 16 is reached and the sensor
device generates an input signal to the control device of
the driving system. Upon reception of this signal, the driv-
ing system starts a reverse movement of its driving
means, so that the tray 16 starts moving vertically down-
wards, until it reaches the bottom 29 of the cavity 12.
Subsequently, the vertical upward and downward move-
ment of the tray 16 is repeated until the item is sufficiently
heated. If the heating process finishes at a time, when
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the tray 16 is arranged at an elevated position, the tray
16 is lowered automatically until it reaches the bottom 29
of the cavity 12, so that the heated item can be easily
removed.

Claims
1. Microwave cooking device (10) comprising

a) a cooking cavity (12),

b) at least one cooking tray (16) and

) a driving system,

d) wherein the tray (16) is horizontally arranged
in said cavity (12) and movable by means of said
driving system,

characterized in that

e) the tray (16) is movable vertically within the
cooking cavity by means of said driving system.

2. Microwave cooking device (10) according to claim
1, characterized in that the driving system com-
prises driving means (44) and a pivot lever (30) con-
necting the driving means (44) and the tray (16) in
such a manner that an actuation of the driving means
(44) is converted into a vertical movement of the tray
(16).

3. Microwave cooking device (10) according to claim
2, characterized in that the pivot lever (30) is de-
signed to convert a rotatory or a linear movement of
the driving means (44) into a vertical movement of
the tray (16).

4. Microwave cooking device (10) according to claim 2
or 3, characterized in that the pivot lever (30) com-
prises a drive arm (36) or multiple drive arms (36)
and a tray arm (38) or multiple tray arms (38), drive
arm (36) and tray arm (38) both extending from a
lever pivot axis (34), wherein the drive arm (36) is
driven by the driving means (44) and the tray arm
(38) is designed to support the tray (16) at its free
end, wherein in particular an angle between the drive
arm (36) and the tray arm (38) is less than 180°
and/or wherein in particular the drive arm (36) is de-
signed shorter than the tray arm (38) and/or wherein
in particular the free end of the tray arm (38) is pro-
vided with a roller element (42) and/or wherein in
particular a guiding element (28) is provided at the
bottom side of the tray (16) and designed to receive
and to linearly guide the free end of the tray arm (38).

5. Microwave cooking device (10) according to one of
the foregoing claims, characterized in that a sup-
port (18) is provided between the driving system and
the tray (16) for horizontally supporting the tray (16)
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inside the cavity (12), wherein in particular the guid-
ing element (28) is provided at the bottom side of the
support (18).

Microwave cooking device (10) according to one of
the foregoing claims, characterized in that the tray
(16) or the support (18) comprises guiding rollers
(24), which are located in such a manner that they
roll along side walls (17), preferably opposite side
walls (17) of the cavity (12) when the tray (16) is
vertically moved, wherein in particular the guiding
rollers (24) have a cylindrical shape and/or the lever
pivot axis (34) essentially extends orthogonal with
respect to the side walls (17) being in contact with
the guiding rollers (24).

Microwave cooking device (10) according to one of
theforegoing claims, characterized in that a sensor
device is provided for determining an upper limit for
the vertical movement of the tray (16), wherein in
particular the sensor device is connected to the driv-
ing system, which is adopted to control the driving
means on the basis of an input from the sensor de-
vice.

Microwave cooking device (10) according to claim
7, characterized in that the sensor device compris-
es aweight sensor for detecting the weight of an item
placed on the tray (16) and a computing device for
calculating an estimated height of the item based on
the detected weight and/or characterized in that
the sensor device comprises a sensor for detecting
the height of an item to be heated, wherein in par-
ticular the sensor for detecting the height of the item
to be heated is an optical sensor and/or a microwave
sensor and/or a sensor based on Terahertz frequen-
cies and/or an IR sensor and/or comprises a light
beam sensor (50, 52), which sensor is in particular
located in an upper region of the cavity (12) and de-
signed to determine the upper limit for the vertical
movement of the tray (26).

Microwave cooking device (10) according to one of
the foregoing claims, characterized in that the driv-
ing means (44) are provided as electric or thermoe-
lectric driving means.

Microwave cooking device (10) according to one of
the foregoing claims, characterized in that the tray
(16) is made of glass, ceramics, high-temperature
plastics or nano-materials.

Microwave cooking device (10) according to one of
the proceeding claims, characterized in that the
cooking cavity (12) is essentially cuboid-shaped
and/or the cooking tray (16) is essentially rectangu-
lar.
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12. Microwave cooking method comprising the steps of

a) placing a cooking tray with cooking items in
a cooking cavity, the tray extending horizontally
within the cavity,

b) irradiating microwave radiation into the cavity
for heating of the cooking items,

characterized by
¢) moving the tray vertically within the cavity by

means of a driving system during the irradiating
of microwave radiation.

13. Microwave cooking method according to claim 11

performed by means of or using a microwave cook-
ing device according to one of claims 1 to 10.
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