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(54) Self regulating device for controlling refrigerators and freezers

(57) Self-regulating device for controlling refrigerat-
ing appliances, such as refrigerators or freezers, prefer-
ably domestic, which comprise a refrigerating circuit
with compressor (2) evaporator (3), condenser (4) and
controlling means (6, 7) of the compressor (2) with a
temperature sensor (5) placed in contact with the evap-
orator, where said means (6,7) of controlling the com-
pressor (2) is a microprocessor device which records
and processes the temperature of the evaporator and at
least one of the following two parameters: the compres-
sor functioning time and the time during which the com-
pressor is inactive and compares said time(s) with one
or more tabulated values, in order to ensure that the dis-
connection time (tr) of the compressor (2) reaches and
maintains, by self-regulation, a constant predetermined
tabular value (tr1).
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Description

[0001] The present invention relates to a control
device for refrigerating or freezer appliances, preferably
domestic appliances, comprising a refrigerating circuit
with compressor, evaporator, condenser and unit for
regulating the temperature of the refrigerator, equipped
with a temperature sensor placed in contact with the
evaporator.
[0002] The temperature control means, in contrast to
the electromechanical systems, nowadays comprise an
electronic device and allow the compressor to be con-
trolled in relation to the temperature recorded by tem-
perature sensors present on the appliance, for example,
within its interior.
[0003] The internal temperature of the appliance to be
controlled depends upon variations in the ambient
external temperature, the frequency of access to the
interior of the refrigerator, the amount of stuff contained
within it, the ageing of the insulation and the efficiency
of the refrigerating circuit. To take these factors into
account complex control circuits are used which require
more than one temperature sensor and other recording
devices, for example a sensor to record the frequency in
opening the refrigerator.
[0004] This relative complexity of the control circuit
brings certain disadvantages both in terms of compo-
nents and labour and in terms of efficient management
to ensure that the product is as economic as possible to
produce.
[0005] The main aim of the present invention is to pro-
duce a self-regulating device to control the functioning
of the above-mentioned appliances, using a single tem-
perature sensor on the evaporator and an electronic cir-
cuit connected to the sensor in such a way to achieve a
number of advantages such as:

- the internal temperature of the refrigerator or
freezer is maintained and regulated independently
of the variations in the external ambient tempera-
ture which are automatically compensated.

- Possibility of regulating the internal temperature of
the appliance (refrigerator or freezer) by automati-
cally correcting any faults in the appliance due to
problems in the refrigerating circuit and in the age-
ing of the insulation.

- Continuous and automatic optimization of the com-
pressor functioning time to maintain the required
temperature and consequent optimization of
energy consumption.

- Possibility of ensuring the defrost of the evaporator
(for refrigerating appliances), depending upon the
compressor functioning time.

- Rational use of the compressor even in conditions
of extreme ambient temperatures.

[0006] These aims and advantages, in addition to oth-
ers which are set out in full in the following detailed

description, are achieved with a self controlling device
conforming the attached claims.

[0007] A clearer understanding of the invention will be
gained from the following detailed description, which is
given as an example and it is therefore not limitative, of
a preferred embodiment of the invention shown in the
attached drawing in which:

Figure 1 is a cross-sectional view of a refrigerator in
diagrammatic form;
Figure 2 is a graph showing the changes in the tem-
perature of the evaporator as a function of the time,
without the control device according to the inven-
tion.
Figure 3 shows a similar graph with temperature,
but with the use of the control device according to
the invention.

[0008] With reference to figure 1, the refrigerating
appliance is marked with the reference number 1; in the
example given this is a simple domestic refrigerator.
[0009] However, the invention in question is applicable
to other types of refrigerating appliances, such as, for
example, both chest and upright freezers.
[0010] The refrigerating appliance 1 comprises a con-
ventional refrigerating circuit, essentially including a
compressor 2, an evaporator 3 and a condenser 4.
There is a conventional temperature sensor 5 placed in
contact with the evaporator 3 which is read by an elec-
tronic (microprocessor) circuit 6 and by which the user
may set the required temperature inside the refrigerat-
ing appliance. The electronic circuit controls the com-
pressor on the basis of two different temperature values
(high and low) recorded on the evaporator 3 by the tem-
perature sensor 5 in order to obtain the temperature set
by the user.
[0011] If (with the use of a single temperature sensor)
the control device was designed to maintain a constant
differential of temperature between compressor con-
nection and disconnection, the situation shown in Fig-
ure 2 would be noted: this is a diagrammatic illustration
of the change in temperature (T) as a function of time (t)
recorded by the sensor 5 placed in contact with the
evaporator, where the points A, B, C plotted on a single
straight-line "T connection" ordinate indicate the tem-
perature at which the compressor 2 is activated, whilst
points D, E, plotted on a single straight-line "T discon-
nection" ordinate indicate the temperature at which the
compressor 2 is deactivated. The "T connection-T dis-
connection" differential is assumed to be constant, i.e. it
does not vary even in the case where the user wishes to
change the temperature inside the refrigerator; for
example where a higher temperature than that shown in
the example in Figure 2 is required, both the "T connec-
tion" and the "T disconnection" would be subject to an
equal increase, thus maintaining a constant differential.
[0012] With an assumed constant "T connection" tem-
perature, it is noted that in a control device of this type,
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i.e. constant T, the times between connection and dis-
connection vary as a function, for example, of the exter-
nal temperature with a given parity of "T connection".
This can be seen in Figure 2 in which it is assumed that
in the cycle between the points A, D, C, the external
temperature has a given value which is lower than that
of the cycle formed by the points B, E, C. In fact the time
tf (compressor functioning time) of the ADB cycle is less
than the corresponding time tf1 of the BEC cycle, whilst
t1 (compressor disconnection - time during which the
compressor is not functioning) of the ADB cycle is
greater than t2 of the BEC cycle.

[0013] A single sensor control device of this type
would have a series of disadvantages such as the vari-
ations in the internal temperature due to changes in the
external temperature, differences in the circuit perform-
ances due to ageing of the insulation, increased energy
consumption due to the fact that the compressor is not
being put to optimal use.
[0014] The control device according to the invention
operates in a different manner, by means of an algo-
rithm operated by software resident in the microproces-
sor 6 which acquires and processes the following
parameters: temperature of the sensor 5 and at least
one of the following: functioning (connection) time of the
compressor 2, compressor disconnection (non-func-
tioning) time, comparing these to a reference value and
changing the above-mentioned differential.
[0015] Briefly, the assembly comprising:

1) an evaporator (preferably a plate evaporator with
its heat capacity);
2) a temperature sensor place on the evaporator;
3) a timer (operated by the microprocessor) for
measuring the time taken for the temperature of the
evaporator to rise and/or fall;

constitutes a sensor for recording the variation in the
heat dispersion of the appliance.
[0016] Once this is recorded the microprocessor soft-
ware acts in order to compensate the variations in the
heat dispersion of the appliance by changing the "T dis-
connection", after processing said parameters (com-
pressor functioning time, length of time during which the
compressor is inactive, sensor temperature).
[0017] A clearer understanding of the control device
according to the invention will be gained with reference
to Figure 3 which shows, in diagrammatic form, the tem-
perature T of the evaporator 3 as a function of the time t
and in which the points a, b, c, d lying on the same "T
connection" temperature line show the temperature at
which the compressor initially begins to function, whilst
points e, f, g represent the compressor disconnecting
points and the broken and dotted lines which join said
points represent the changes in the temperature of the
evaporator 3.
[0018] By experimentation on a refrigerator or freezer
of a given type, it is possible to determine the time tr1,

required for the evaporator temperature to rise from the
disconnection temperature "e" to the reconnection tem-
perature "b" under standard conditions of heat disper-
sion correlated to a predetermined external
temperature, for example 25°C. This time, together with
the associated temperature "T connection" constitutes a
point of reference which is stored in the memory of the
microprocessors incorporated in refrigerators or freez-
ers of the same type. This point of reference will herein-
after be referred to as the "tabular" value.

[0019] This having been carried out, the self-regulat-
ing control device according to the invention operates
as follows:
the value tr1 recorded during the 1st cycle (a, e, b) cor-
responds to the tabular comparison value, and therefore
the control device is not activated (because the operat-
ing conditions are the same as the reference condi-
tions).
During the 2nd cycle (b, f, c), where it is assumed that
the external temperature is higher than that at which the
tabular value was determined, the time tr2 during which
the compressor 2 was not functioning was recorded and
found to be less than the tabular value, therefore after
comparison an error value was calculated; in this case
the value was positive, which lead, during the subse-
quent cycle (c, g, d), to a lowering of the compressor
disconnecting point "g" thus causing the time during
which the compressor is not functioning (i.e. tr3) to be
equal to tr1, i.e. the tabular value.
[0020] In the opposite case, i.e. where there is a low-
ering of the ambient temperature the time measured will
be less than the tabular value. The control device will
calculate a negative error from the comparison and will
correct this by increasing the compressor disconnection
temperature in order to bring the compressor discon-
nection time into line with the tabulated value.
[0021] In the above example, two parameters were
used, i.e. the temperature of the evaporator and the
compressor disconnection time (or time during which
the compressor was inactive). That is the time that it
took for the temperature of the evaporator to reach the
"T connection" value. The compressor connection (or
active) time, i.e. the values tf or even both of the time
values could also be used to regulate the temperature.
In these cases the tabulated values established during
the experiments will be a combination of those relating
to the compressor connection time, the relationship
between the connection and disconnection times, to the
disconnection time and the connection time.
[0022] For reasons of clarity, some simplifications
have been made with regard to the graphs in the dia-
grams shown as straight dotted lines and it is assumed
(with regard to Figure 3) that the passage from one dis-
connection temperature to another, i.e. e, f, a, g took
place in one, rather than several cycles.
[0023] It is obvious that, in theory, instead of changing
the disconnection temperature it would be possible to
change the connection temperature "T connection",
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making the necessary correlation.

Claims

1. Self-regulating device for controlling refrigerating
appliances (1), such as refrigerators and freezers,
preferably domestic appliances, comprising a
refrigerating circuit with compressor (2), evaporator
(3), condenser (4) and controlling means (6) of the
compressor with a temperature sensor (5) placed in
contact with the evaporator (3), characterised in tat
the means (6) of controlling the compressor (2) is a
microprocessor unit which records and processes
the temperature of the evaporator (2) and at least
one of the following parameters: compressor con-
nection time (tf), compressor disconnection time (tr)
and compares the time(s) with one or more tabu-
lated values, in order to ensure that the disconnec-
tion time (tr) for the compressor (2) reaches and
maintains, by self-regulation, a constant predeter-
mined tabulated value.

2. Control device as claimed in claim 1, in which the
tabulated values are determined by experiments
carried out on appliances used as a reference at a
given predetermined reference temperature.

3. Control device as claimed in the previous claims, in
which the timer which measures the compressor
connection and/or disconnection time is operated
by the microprocessor, and in which the assembly
formed by the evaporator, timer and temperature
sensor placed on the evaporator constitutes a sen-
sor which records the variations in the heat disper-
sion of the appliance.

4. Control device as claimed in the previous claims, in
which a plate type evaporator is used.
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