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(54) ELECTRIC OVEN AND METHOD OF OPERATION OF SUCH OVEN

(57) An electrical supplied oven comprising: a cook-
ing cavity; an electric heating circuit associated with the
cooking cavity and comprising a plurality of electric re-
sistances, configured to heat the cooking cavity when
supplied by electric current, and a plurality of switches
configured for selectively isolating one or more resistanc-
es from the electric heating circuit; a first switch config-
ured for selectively coupling each other a first and a sec-

ond electric resistance of the electric heating circuit in
series or in parallel; a control unit configured for control-
ling the switches according to a plurality of different se-
lectable cooking programs; wherein the control unit is
configured for performing a first cooking program, where-
in only the first and the second resistance are supplied
and the first switch is in a configuration for coupling each
other in series the first and the second electric resistance.
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Description

Cross-reference to related applications

[0001] This patent application claims priority from Ital-
ian patent application no. 102018000005863 filed on
30/05/2018.

Technical field

[0002] The technical field of application of the present
invention relates to ovens, preferably domestic ovens,
for the cooking of foods. More specifically, the technical
field of the present invention relates to "electromechan-
ically controlled" electrical supplied ovens, i.e. ovens pro-
vided with a cooking chamber or cavity in the walls of
which electric resistances are embedded. As is known,
once supplied by electric current, such resistances heat
up and give off heat in the cooking cavity. For the pur-
poses of the present invention, the term "oven" is under-
stood to mean both built-in ovens and non-built-in ovens,
i.e. free standing cookers, which are usually provided
with an upper gas or induction cooking plane.

State of the art

[0003] Today, electrical supplied ovens for domestic
use are commonplace. As said previously, such ovens
comprise a cooking cavity or chamber delimited by a plu-
rality of fixed walls and by a movable door, which selec-
tively allows access to the cooking chamber, for the load-
ing or removal of food and isolation of the cooking cham-
ber, to create the correct cooking conditions. Every elec-
trical supplied oven comprises an electric heating circuit
provided with a plurality of resistances placed outside
the cooking chamber, close to the walls thereof or em-
bedded in the same. When supplied by electric current
the resistances heat up and transfer heat to the food
housed inside the cooking chamber. Parallel to the heat-
ing circuit, electrical supplied ovens also usually com-
prise a cooling circuit, for example, a cooling circuit pro-
vided with a fan. Such cooling circuit has the object of
avoiding the excessive heating of the outer walls of the
oven, whether it is built-in, to avoid damaging the recess,
or not built-in, to prevent a user from touching the walls
of the oven and burning himself/herself. Heating and
cooling circuits are operable by users according to pre-
set cooking programs and selectable as desired by spe-
cial commands. A different actuation of the heating and
cooling circuits corresponds to each cooking program.
In fact, such heating and cooling circuits comprise switch-
es or commutators, thermostats and timers capable of
modifying the heating and cooling modes by isolating or
supplying one or more electric resistances.
[0004] With reference to such electrical supplied ov-
ens, the present invention deals with the problem con-
cerning how to reduce the required energy consumption
and thus how to comprise at least a special cooking pro-

gram for operating the oven, which has the object of re-
quiring reduced energy with respect to the remaining pro-
grams already currently available. Clearly, such cooking
program with low energy consumption, definable in such
sense "ECO" program, must also be able to guarantee
the required cooking. Potential greater duration in terms
of time of such cooking program is widely compensated
by the beneficial energy saving effect. Furthermore, as
will be apparent in the description of the embodiment of
the present invention, the increase in terms of time of
such "ECO" cooking program in absolute values is ab-
solutely sustainable and acceptable.
[0005] From a thermodynamic point of view, by ana-
lyzing the cooking of foods in the cooking chamber, the
energy supplied for such purpose, i.e. the electric energy
converted into heat by the resistances, is only partially
transferred to the foods during cooking. In fact, there is
always a part of the heat, which, instead of being trans-
ferred to the food, is transferred to the surrounding envi-
ronment. Such portion of heat, which does not therefore
fulfil the object of cooking the food, can be considered,
to all intents and purposes "wasted" energy.
[0006] The above can be mathematically schematiza-
ble in the following formula:

In such formula Es indicates the total input energy sup-
plied, EL indicates the energy transferred to the food (en-
ergy supplied to the load) and EW indicates the energy
wasted. Since for the purposes of heating the food for a
determined cooking time, the value EL is not modifiable,
the only way of reducing Es is by reducing the value of
EW. In detail, EW can be mathematically schematizable
in the following formula: 

In such formula tL indicates the delivery time for the de-
sired cooking and QW indicates the thermal "power" wast-
ed, i.e. the energy wasted in the unit of time. QW can, in
turn, be expressed as the multiplication of three factors,
i.e. ΔT, the logarithmic average of the difference in tem-
perature between the cooking chamber and the sur-
rounding environment, which absorbs the wasted ener-
gy, K, the thermal transfer coefficient, and S, a surface
through which the thermal exchange takes place. Thus,
in detail, EW can be mathematically schematizable in the
following formula: 

Since S is a non-modifiable geometric value, in order to
reduce EW, it is necessary to act on the factors ΔT and K.

1 2 

·
·
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Description of the invention

[0007] Starting from such prior art and from the ther-
modynamic analysis provided, it is an object of the
present invention to realize an oven capable of offering
an innovative cooking cycle or program (definable ECO
or LOW POWER ECO), wherein, with respect to the re-
maining cycles, a reduced quantity of energy is wasted.
In detail, it is an object of the present invention to realize
an oven capable of offering an innovative cooking cycle,
wherein the factor K* ΔT is optimized in order to reduce
the quantity of energy wasted.
[0008] According to such objects, the present invention
relates to an electrical supplied oven comprising:

- a cooking cavity for housing the food to be cooked;
- an electric heating circuit associated with a cooking

cavity and comprising a plurality of electric resistanc-
es configured to heat the cooking cavity when sup-
plied by electric current; the electric heating circuit
further comprises a plurality of switches configured
to selectively isolate one or more resistances from
the current supply;

- a first switch configured for selectively coupling each
other, in series or in parallel, a first and a second
electric resistance of the electric heating circuit;

- a control unit configured to control the switches (or
the electric heating circuit in general) according to a
plurality of different pre-set cooking programs.

[0009] According to the main aspect of the invention,
the control unit is configured to execute a first cooking
program, definable as ECO program since it has the ob-
ject of minimizing the waste of generated thermal energy,
wherein only the first and the second resistance of the
electric heating circuit are supplied and the first switch is
in a configuration for coupling each other in series the
first and the second electric resistance.
[0010] Advantageously, in this way, the power deliv-
ered by the heating circuit is far less than the power,
which would be generated in the configuration, in which
the first and the second resistance are in parallel. Such
reduced power is physically concretized in a smaller log-
arithmic average of the difference in temperature be-
tween the cooking chamber on heating and the surround-
ing environment. In fact, since the heating occurs more
slowly (with reduced power), the difference in tempera-
ture between the cooking chamber and the surrounding
environment is always contained, minimizing the factor
ΔT of the following formula, which describes the thermal
energy wasted. 

[0011] Clearly, the single absolute values of the first
and second resistance are dimensioned so that in the
configuration in parallel, they do not exceed the maxi-

mum power sustainable by domestic users (usually
3KW), while in the configuration in series, they offer a
minimum power, which is nonetheless sufficient to reach
the desired cooking.
[0012] Furthermore, the power delivered must take in-
to account the volume of the cooking cavity. A numerical
example of the aforesaid constraints will be provided in
the description of the embodiment.
[0013] Preferably, the oven further comprises an elec-
tric cooling circuit comprising a fan configured to cool the
environment outside the cooking chamber. Such fan has
the object of keeping the built-in structure of the oven in
such temperatures as not to compromise the recess or
to prevent the outer walls of the oven from reaching dan-
gerous temperatures for the user of the oven. In partic-
ular, according to the present invention, the cooling circuit
comprises a first and a second branch for supplying the
fan and a second switch configured for selectively acti-
vating the first or the second branch. According to the
invention, the second branch is provided with a thermo-
stat for controlling the activation of the fan only when a
determined temperature threshold value has been
reached. During execution of the first cooking program,
the second switch is in a configuration so that the fan is
supplied by the second branch of the cooling circuit and
thus it is activated with a delay with respect to the start-
up of the first cooking program and only when a temper-
ature threshold value is reached in the cooking cavity.
[0014] Such delayed start-up of the cooling circuit al-
lows a reduction in the thermal transfer coefficient factor,
which is schematized as K in the following formula. 

[0015] Thus, the delayed start-up of the fan of the cool-
ing circuit, in conjunction with the delivery of energy ter-
minates with low power, reached with the switching in
series of the first and the second resistance, allows a
reduction in the K* ΔT ratio and consequently a reduction
in the amount of energy wasted. In the description of an
embodiment of the invention, a comparative numerical
analysis will also be described between the execution
(with the same oven and conditions) of the innovative
first ECO program and another traditional cooking pro-
gram.
[0016] Furthermore, again for the purposes of reducing
the factor K, the second branch of the cooling circuit can
further comprise a motor resistance in order to reduce
the power available for the fan.

Description of one embodiment of the invention

[0017] Further features and advantages of the present
invention will be apparent from the following description
of a non-limiting embodiment thereof, with reference to
the figures of the accompanying drawings, wherein:

3 4 
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- - figure 1 is a schematic view of an electrical sup-
plied oven, wherein the energy flows are shown;
- - figure 2 is a schematic view of an embodiment of
an electric circuit for the oven in figure 1, wherein
the circuit is configured to execute an ECO cooking
program with low wasted energy;
- - figure 3 is a view of a control table of the electric
circuit, which summarizes a plurality of different se-
lectable cooking programs;
- - figures 4 and 5 are comparative tables of energy
consumptions obtained by means of the execution,
in one same oven, of the ECO program and another
program indicated in the diagram in figure 2.

[0018] With reference to the aforesaid figures, figure 1
shows a schematic view of an oven 1 substantially limited
to just the cooking chamber or cavity 2. As shown, food,
schematized with reference 25, is housed inside this
cooking chamber 2. The oven 1 is of the electric type, i.
e. electric current is required to heat the food. In partic-
ular, the current is passed in an electric heating circuit
provided with a plurality of electric resistances. As is
known, the electric resistances heat up as the current
passes and such heat is transferred to the cooking cham-
ber in order to heat the food 25. As described in the in-
troduction of the present description, only part of the elec-
tricity converted into heat by the resistances is trans-
ferred to the food 25 being cooked. In fact, there is always
a part of the heat, which is transferred to the surrounding
environment instead of being transferred to the food 25.
Thus, such portion of heat does not fulfil the object of
cooking the food and thus, this portion of heat can be
considered to all intents and purposes "wasted" energy.
The above is mathematically schematizable in the fol-
lowing formula: 

In such formula Es indicates the total input energy sup-
plied, EL indicates the energy transferred to the food (en-
ergy supplied to the load) and EW indicates the energy
wasted. In figure 1 reference 26 indicates the total energy
supplied Es ; reference 27 indicates the energy trans-
ferred to the food EL while reference 28 indicates the
energy wasted EW.
[0019] Figure 2 shows a schematic view of an embod-
iment of the invention, i.e. an electric diagram, comprising
a heating circuit 3, provided with a plurality of electric
resistances 4-7 configured to heat the cooking chamber
2, and a cooling circuit 19 provided with a fan to cool the
outer walls of the oven and/or the reception cavity walls
of the cooking chamber 2. According to the example
shown, the heating circuit 3 comprises a first 4, a second
5, a third 6 and a fourth resistance 7 respectively, which
can be classified as sky resistance 4, circular resistance
5, grill resistance 6 and sole resistance 7. Both the con-
figuration and the arrangement of such resistances are

known to those skilled in the art and therefore such fea-
tures will not be further described. The heating circuit 3
further comprises a plurality of switches 9-15 configured
to selectively isolate one or the other resistance accord-
ing to a plurality of pre-set cooking programs, selectable
by the user. The table in figure 3 shows such plurality of
cooking programs (A-I) wherein, a precise sequence of
open or closed switches corresponds to each program.
The switches indicated with X in the execution of the rel-
ative cooking program are understood to be closed and
consequently allow the passage of electric current. In
particular, according to the present invention, the heating
circuit 3 comprises a first switch 16 configured for selec-
tively placing the first 4 and the second resistance 5 be-
tween them, in series (when the switch 16 is closed), or
in parallel. As is visible in the table in figure 3, such switch
16 is, in fact, only closed during the execution of the in-
novative ECO program of the present invention (program
F in table in figure 3). Furthermore, during the execution
of such program F, the other switches are controlled so
as not to supply the remaining resistances. The effect of
the execution of the program F is thus to bring the first 4
and the second resistance 5 in series, so as to generate
on heating at low power, i.e. with reduced power with
respect to the configuration with the first 4 and the second
resistance 5 in parallel. In all the remaining cooking pro-
grams, the first 4 and the second resistance 5 are in par-
allel. For the sake of completeness, other components
represented with references 29-34 are visible in the heat-
ing circuit 3 in figure 2. Such references refer to a fan 29
for ventilated cooking, a safety thermostat 30, an oven
thermostat 31, an oven light 32, a warning light 33 and
a programmable timer 34 respectively. Both the config-
uration and the arrangement of such components are
known to experts skilled in the art and therefore, such
features will not be further described.
[0020] As said previously, the electric diagram in figure
2 further comprises a cooling circuit 19 provided with a
fan 20. As is visible, the cooling circuit 19 comprises two
branches for supplying the fan, a first 21 and a second
branch 22 respectively. A special switch 17 is present,
which supplies the fan 20, when open, from the second
branch 22. As can be seen in table in figure 3, the switch
17 is only open during the execution of the innovative
ECO program indicated with F. In such conditions, the
fan 20 is supplied along the branch 22, upstream of the
fan, which comprises a thermostat 23 configured to delay
the activation of the fan 20 until reaching a temperature
threshold value. Without entering into the issue of the
possible numerical value of such threshold and where
the measurement point is located, certainly during the
first steps of execution of the cooking program F, the fan
is not in operation. Furthermore, between the thermostat
23 and the fan 20, the second branch 22 is provided with
a motor resistance 24 so as to reduce the actuation power
of the fan. As said previously, such delayed start-up of
the cooling circuit allows a reduction in the transfer co-
efficient factor.

5 6 
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[0021] Finally, as confirmation of the effective efficacy
of the present invention, figures 4 and 5 show compara-
tive tables of the energy consumption according to the
standard EN60350-1 on the same oven sample in two
different cooking programs; the ECO program indicated
with F in figure 3 and the Ring program indicated with I
in figure 3 respectively. This comparative test shows that
with the same EL (energy transferred to the load), the
quantity ES (energy supplied to the appliance and thus
wasted) is reduced by 20% (from 840Wh to 679Wh) even
though the duration of the test has been extended from
44 to 56 minutes.
[0022] Clearly, also the dimensioning of the first and
second resistance must take into account the fact that in
the configuration in parallel, the maximum power sus-
tainable by domestic users is not exceeded (usually
3KW), while in the configuration in series, a minimum
power is offered, which is nonetheless sufficient for
reaching the desired cooking.
[0023] Tests carried out by the Applicant have allowed
the identification of the upper and lower threshold values
of the ratio between the generated thermal power in KW
and a factor dividing in dm3 depending on the volume of
the cooking cavity. Within such thresholds there is an
appreciable energy saving without precluding the good
result of the cooking. In the embodiment shown and in
relation to the accompanying tables, such threshold val-
ues are schematizable in the following formula: 

In such formula PS indicates the electricity supplied in
KW while V indicates the volume of the cooking cavity in
dm3.
[0024] Lastly, it is clear that modifications and varia-
tions may be made to the invention described herein with-
out departing from the scope of the appended claims.

Claims

1. An electrical supplied oven (1) comprising:

- a cooking cavity (2);
- an electric heating circuit (3) associated with
the cooking cavity and comprising a plurality of
electric resistances (4, 5, 6, 7), configured to
heat the cooking cavity (2) when supplied by
electric current, and a plurality of switches (8-16)
configured for selectively isolating one or more
resistances (4, 5, 6, 7) from the electric heating
circuit (3) ;
- a first switch (16) configured for selectively cou-
pling each other a first and a second electric
resistance (4, 5) of the electric heating circuit (3)
in series or in parallel;

- a control unit (18) configured for controlling the
switches (8-16) according to a plurality of differ-
ent selectable cooking programs (A-I);

wherein the control unit (18) is configured for per-
forming a first cooking program (F), wherein only the
first (4) and the second resistance (5) are supplied
and the first switch (16) is in a configuration for cou-
pling each other in series the first and the second
electric resistance (4, 5).

2. The oven as claimed in claim 1, wherein during the
execution of all remaining cooking programs (A-E,
G-I) the first switch (16) is in a configuration for cou-
pling each other in parallel the first and the second
electric resistance (4, 5) .

3. The oven as claimed in claim 1 or 2, wherein the
electric heating circuit (3) is configured so that, dur-
ing the execution of the first cooking program (F),
the ratio between the generated thermal power in
KW and a factor dividing in dm3, depending on the
volume of the cooking cavity (2), is comprised be-
tween a lower threshold value and an upper thresh-
old value.

4. The oven as claimed in any one of the preceding
claims, wherein the oven further comprises an elec-
tric cooling circuit (19) comprising a fan (20) config-
ured for cooling the environment outside the cooking
cavity (2), the cooling circuit (19) comprising a first
(21) and a second branch (22) for supplying the fan
(20) and a second switch (17) for selectively activat-
ing the first (21) or the second branch (22), the sec-
ond branch (22) being provided with a thermostat
(23) for controlling the activation of the fan (20) only
when a temperature threshold value has been
reached; wherein the control unit (18) is configured
so that during the execution of the first cooking pro-
gram (F), the second switch (17) is in a configuration
so that the fan (20) is supplied by the second branch
(22) of the electric cooling circuit (19).

5. The oven as claimed in claim 4, wherein during the
execution of all remaining cooking programs (A-E,
G-I), the second switch (17) is in a configuration so
that the fan (20) is supplied by the first branch (21)
of the cooling circuit (19).

6. The oven as claimed in claim 4 or 5, wherein the
second branch (22) of the cooling circuit (19) further
comprises a motor resistance (24).

7. A method for operating an electrical supplied oven,
wherein the method comprises the steps of:

a) providing an oven (1) as claimed in claim 1;
b) supplying the electric heating circuit (3);

7 8 
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c) controlling the switches (8-16) for executing
a first cooking program (F), wherein only the first
and the second resistance (4, 5) are supplied
and the first switch (16) is in a configuration so
that the first and the second electric resistance
(4, 5) are coupled in series.

8. The method as claimed in claim 7, wherein the meth-
od comprises the steps of:

d) providing an oven (1) as claimed in claim 4;
e) supplying the electric cooling circuit (19);
f) controlling the second switch (17) so that dur-
ing the execution of the first cooking program
(F), the fan (20) is supplied by the second branch
(22) of the electric cooling circuit (19).

9 10 
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