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(57) Abregeé/Abstract:
A process for automatically controlling the heating/cooking of a food item In a cooking oven having a door, heaters and an oven

temperature acquisition system, comprises the steps of measuring the total electrical power (P, ) absorbed by the oven, measuring
the oven temperature, and assessing the actual power (P, __ ) transferred to the food item by automatically compensating
disturbance factors.
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ABSTRACT

A process for automatically controlling the heating/cooking of a food item in a cooking
oven having a door, heaters and an oven temperature acquisition system, comprises
the steps of measuring the total electrical power (Pi,) absorbed by the oven, measuring
the oVen temperature, and assessing the actual power (Poaq) transferred to the food

item by automatically compensating disturbance factors.
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Title: A process for automatically controlling the heating/cooking of a food item in a

cooking oven and cooking oven adapted to carry out such process.
Field

The present invention relates to a process for automatically controlling the
heating/cooking of a food item in a cooking oven having a door, heaters and an oven

temperature acquisition system.

Background

In a traditional oven the user chooses the oven function to be used, together with the
set temperature and (optionally) with the cooking time. These parameters (temperature,
cooking time and selected function of the oven) are usually unknown to the user and
therefore the food cooking is carried out in a not optimal basis, frequently by using
empirical rules or on the basis of the experience if the user. Moreover a possible error in
iInputting the oven temperature or the cooking time can cause an unrecoverable

damage to the food.

Summary
A purpose of the present invention is to provide a method for optimising the food

preparation / cooking in an oven provided with heaters adapted to heat the cavity

thereof.

Another purpose of the present invention is to provide an automatic cooking function
able to compensate the Influence on cooking performance of different noise factors.
Some noise factors that can affect the cooking results are for example: the voltage
fluctuation for an electrical oven (that affects directly the power transformed into heat
and also the rotation speed of the oven fan), the tolerances/ drift of the heating element,
the tolerance/drift of closed loop temperature controller (if present), the use of different

containers Iinside the oven and others later described.

Each of the above noise factors influences the cooking performance results when
trying to create an automatic cooking function where the oven itself decides

automatically the cooking time required.
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To compensate the influence of the factors here described the method according to
the Invention allows an automatic estimate of the "quantity of heat" (in technical words
the power) absorbed by the oven. The aim is to control this quantity and to supply to

food by food, or to food category by food category, the proper quantity of heating power.

Since the method according to the invention is able to estimate the power to the
food, it will be also able to provide the right final energy obtaining the desired cooking

result.

The above objects are reached thanks to the features listed in the appended claims.

Brief Description of the Drawings
Further features and advantages of the present invention will be clear from the

following detailed description, with reference to the appended drawings in which:

- figure 1 is a diagram showing the results of power transmitted to the food vs. time
by changing the starting temperature of the cavity, in a domestic oven in which

the control process according to the invention is implemented;

- figure 2 is a diagram similar to figure 1 in which the influence of the ambient
temperature Is compensated according to the method of the present invention;

and

- figure 3 Is a block diagram of the oven/temperature control system according to

the present invention.

Description

The present invention is based on a model whose simplified version is shown in the

following differential equation (1) in the Laplace domain, that is an example of the

relation between the power absorbed by the oven (P, ) and the power absorbed by the
oven load (food):

K,

})/oad (t) — Pm '
1+ 57

+k2-T'0  —k3-T. (1)
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where:

- P _.(t) > Powerto food;

- P - Power absorbed by the entire system oven+food. A power

in

meter installed on the oven measures It.

- T'0 > Initial oven temperature measured by the oven probe (and

oven

filtered if necessary, by the algorithm). Its precise meaning will be clarified in

the following description.

- T -  Ambient temperature. In the known traditional ovens it is not

ext

measured.

- K, ,k2,k3 > experimental constant values

- S -  Laplace operator

- T - is a function of the load and of the heat exchange coefficients

between heaters towards load and between the oven towards the ambient.

The output of the above model (1) is the power to the food; the algorithm uses this
information to evaluate the cooking time, that is the algorithm output. So, the core of the

algorithm according to the present invention is the model (1).

With the above model and related control process, an oven according to the

iInvention can compensate different noise factors. Particularly, it is able to compensate

for the effect on cooking result of different measured initial oven temperature (70

oven ) )

The applicant has performed two tests in order to show how this compensation has

been reached. In the following table 1 the test inputs are reported: different 770

ovell

values have been used but the same (P

in?

I, ) values have been fed in the model (1).

Test results are showed as P,_ (¢) vs. time in figure 1, where 7 has a value of 14 sec.
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7'0,,., [°] 7.1 | P, W]
Step: [0->1000] W @
1s

Step: [0-21000] W @

1s

180 20

20 20

Table 1 — Conditions used to perform model (1) tests reported in fig. 1

The Initial oven temperature compensation allows the algorithm to achieve high

cooking performances, whether the user selects a preheating phase or not.

In analogous way, good results are obtained even if two consecutive baking are

carried out, whether the oven cooling between them is performed or not.

Another noise factor that can be compensated according to the present invention is
the effect of different containers/tools used on cooking result (dripping-pan, baking-pan,

pie-dish, shape or colour). Different container/tools involve different heat absorption,

and therefore different P (¢) functions. The algorithm according to the present

invention, also thanks to the closed loop feedback control system, is able to detect and

make up for this kind of variations because it measures the P, (¢). The explanation on

how different food/container power absorption influences the P, (¢) is in the portion of

the description referring to the feedback compensation mechanism. According to the

model (1), different P, causes different P, (¢). Even if all other working conditions do

oad

not change, the use of different containers drives different power adsorption by the food,

therefore different P . The measure of this latter allows detecting these changes,

therefore updating cooking time to the changed conditions.

Another compensation carried out by the algorithm according to the present

Invention is the compensation of the opening door effect.
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A further compensation is related to the different heaters structural tolerances.

Different actuators structural tolerances involve different P, (¢). The tolerance of the

heating element resistivity is typically very high mainly for cost reason. The algorithm
according to the present invention, together to temperature control system, is able to
make up for the effects on the cooking performance. In this way it is not necessary to
use more precise (and expensive) components. Typically the oven temperature control
loop is enough to compensate the effect of heaters tolerance when temperature is in
steady state, but not during preheating phase or transient phase. In this second case,
the algorithm according to the invention, by estimating the power to the food, can
compensate the effect of heater tolerance. On the mathematical model (1) the effect of

tolerances on P, can be seen thanks to the Ohm law that links power (P, ) with

in It

supplying voltage value ( P, = VA2/(R+r)), where R is the nominal resistivity value of the

heater and r is tolerance thereof). According to model (1), different P, causes different

Boad (t) '

A further compensation is related to-heaters performance drift and decay. The
heaters suffer performances drift and decay. The algorithm according to the invention is
able to offset the effect of drift/decay for the same reasons we exposed in the previous
paragraph.

A further compensation is related to the structural tolerances eﬁects of oven
temperature acquisition system (oven probe + electronic) and of the performance drift
and decay of such system. Since the oven temperature control has to manage a wide
range, the oven temperature acquisition system performances are quite poor (+/- 5°C
@250°C) in order to keep low the overall cost of the appliance. This lack of precision

causes a big variation of performances from oven to oven. Different close loop

temperatures inside the cavity cause different P, (¢) and so also different P,_,(¢). As far

as the compensation for oven temperature acquisition system (oven probe + electronic)

5
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performance drift and decay is concerned, it's not uncommon that food bake makes the

- temperature probe dirty causing the drift of the performance. The algorithm according
to the present invention allows compensating also this kind of drift and decay.

A further compensation offsets the ambient temperature variation effects. Feeding

up the model (1) by the same P, (¢), the applicant made tests summarized in table 2.

Figure 2 shows the two different P__ (1) when external temperature (T

ext

) changes.

This compensation is similar to the compensation of cavity starting temperature (figure

1); also for changes of ambient temperature the applicant with the model (1) carried out

tests. With the same profile of P, and of starting temperature of the oven cavity 70

oven ?

two tests were carried out for two different values of 7, (table 2). Results are plotted in
fig. 2.
The external temperafure T., can be measured by means of a sensor placed

outside the cavity or it can be estimated through the temperature sensor in the cavity of

the oven.
ro,,, [°] T, I°1 P, () [W]
Step: [0>10001 W
180 30 P- | | @
1s
Step: [0->10001 W
180 20 e | @

1s

Table 2 - Conditions used to perform model (1) simulations reported in fig. 2.

A further compensation relates to the food insertion delay in case of preheating
recipe. Typically, when a preheating phase is required, the oven advises the user when

preheating itself is terminated. The user could not react immediately to this information.
For this reason the thermodynamic status inside the cavity will be different depending

on the delay between the oven notification and user reaction. Different thermodynamic

6
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status will cause different P, (¢) as explained in the following “feedback compensation

mechanism" paragraph.

Fig. 3 shows the block diagram of a temperature feedback (or closed loop) control

system. It is composed by the following elements:

the oven/food/ambient subsystem:;

the heaters model; the heat transferred to the oven depends on the duty cycle
Imposed by the control system to the actuators, but also on the heater

performances drift and decay and structural tolerances;

the control system. It drives the actuators, establishing the duty cycle of the
actuators itself in order to minimise the difference between the oven temperature

target (T oven Target) and the measured oven temperature (T’ oven);

oven temperature acquisition subsystem (oven probe + electronic). A
temperature sensor provides the temperature of the cavity (T' oven). Read
temperature is generally different from the actual temperature due to various

contributions (manufacture tolerance, drift, sensor decay).

Closed loop control uses the measure of output parameters of the system to be

controlled in order to establish the change of one of input parameters. Figure 3

reports schematically a typical temperature control used for ovens.

In the following it will be clarifies how the system of figure 3 works when there are

‘noises” (decay / drift / tolerances) on the oven probe and on oven heaters.

e Compensation of disturbances acting on the oven temperature acquisition

subsystem.

The control system reacts to any disturbance acting on the oven temperature
acquisition subsystem (oven temperature drift / tolerances, electronic drift /

tolerances) modifying the duty cycle in order to keep the measured oven

temperature (T oven) equal to the oven target temperature (T oven Target). It's
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clear that, by modifying the duty cycle of the actuators, also P, (¢) is modified.

The estimated power transferred to the food P, _,(¢) changes according to model

(1). In the new situation the oven adsorbs actually a different P

n

and,

consequently, to food also a different amount of power P

¥,

. (¢) is transferred. But

model (1), being based on a P reading, can keep into account the changed

in
conditions.

e Compensation of different colour/material of oven containers/tools.

The temperature control loop acts to keep the temperature inside the cavity equal or
closed to target temperature: if the load of the oven changes, the control loop will

modify the duty cycle in order to keep the same temperature. Different duty cycle

means different Pin.
e Compensation of food insertion delay.

If the temperature inside the cavity is different when the food is inserted, also the

duty cycle acted by the control system will be different and so also the Pin.
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CLAIMS
WE CLAIM:

1. A process for automatically controlling the heating/cooking of a food item in a
cooking oven having a door, heaters and an oven temperature acquisition

system, characterised in that it comprises the following steps:
- measuring the total electrical power (Pj,) absorbed by the oven.
- measuring the oven temperature, and

- assessing the actual power (Paq) transferred to the food item by automatically

compensating disturbance factors.

2. A process according to claim 1, characterised in that it further comprises measuring

the ambient temperature (Tex).

3. A process according to claim 1 or 2, wherein said disturbance factors are due to at

least one of the following items:
. initial oven temperature,
- use of different containers for the food items,
- heat lost when door is opened,
- different heater structural tolerances,
- heater performance drift and/or decay,
- structural tolerances of the oven temperature acquisition system,
- drift and/or decay' of the oven temperature acquisition system,'

- ambient temperature variation,

- food item insertion delay in case of pre-heating recipe.
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4. A process according to any of claims 1, 2 or 3, characterised in that it is based on

the following physical model:

K
* +k2-T'0 —k2-T

1 ovéen ext

+S7

I)load (t) — })in .

where:

- P_, () Is the powerdelivered to food;

- P, is the power absorbed by the entire system oven+food and it is measured

i1

by a power meter installed on the oven;

- T'0 __is the initial oven temperature;

oven

- T is the ambient temperature;

ext

- K,,k2,k3 are experimental constant values

- s Is the Laplace operator

- 7 is a function of the load and of the heat exchange coefficients.

5. A cooking oven compriSing heaters, an oven temperature acquisition system and a
control unit for automatically controlling the heating/cooking of a food item,
characterised in that it comprises means for detecting the total electrical power (Pin)
absorbed by the oven, the control unit being adapted, on the basis of such total
electrical power (P;,) and of a measure of initial temperature of the oven, to assess

the actual power (Paq) transferred to the food item by automatically compensating

disturbance factors.

10
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6. A cooking oven according to claim 5, characterised in that said disturbance factors

are due to at least one of the following items:
- Initial oven temperature,
- use of different containers for the food items,
- heat lost when door is opened,
- different heater structural tolerances,
- heater performance drift and/or decay,
- structural tolerances of the oven temperature acquisition system,
- drift and/or decay of the oven temperature acquisition system,
- ambient temperature variation,

- food item insertion delay in case of pre-heating recipe.

7. A cooking oven according to claim 5 or 6, characterised in that the control unit works

on the basis of the following physical model:

K
P (1) = By =+ k270, k2T,

+ ST

where:

- P (¢) is the power delivered to food;

- P is the power absorbed by the entire system oven+food and it is measured

1

by a power meter installed on the oven;

- 170,,,, is the initial oven temperature;

oven

- T . Is the ambient temperature;
-  K,,k2,k3 are experimental constant values

- s Is the Laplace operator

- 7 Is a function of the load and of the heat exchange -coefficients.
11
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