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(57) A refrigeration appliance (refrigerator, freezer
and the like), comprising an evaporator (5), a compres-
sor (8) and electrical defrost means (6) for said evapo-
rator (5), in which a microprocessor (13) is present, as-
sociated with time measurement means (15, 18) provid-
ing the microprocessor (13) with data relative to the
functioning of the compressor (8) for the purpose of ob-
taining from said data a percentage operation of the
compressor (8) and an indication of the predicted com-
mencement of defrost (Hdl), this indication being com-
pared with one or more time bands with the purpose of
advancing or delaying if necessary the effective com-
mencement of the next defrost so that it takes place
within the established time band.

Refrigeration appliance with automatic time-determined defrost
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Description

[0001] The presentinvention relates to a refrigeration
appliance with automatic time-determined defrost for
containing food, drinks, liquid or solid substances etc.
[0002] Refrigeration appliances with automatic de-
frost systems known colloquially as no-frost refrigera-
tors have long been available. In this type of refrigerator
a film of ice forms on the evaporator, usually positioned
in the conditioned temperature compartment in contact
with the air present in the compartment, due to conden-
sation and subsequent freezing of the moisture present
in the air within the compartment. The formation of this
ice film prejudices heat transfer between the condi-
tioned environment and the evaporator, so reducing the
efficiency of the refrigeration cycle.

[0003] No-frostrefrigerators present an automatic de-
frost system based on the activation of an electrical re-
sistance element in heat transfer contact with the evap-
orator.

[0004] The defrost resistance element is activated
manually or automatically by electronic devices which
control the operating time of the compressor. A new de-
frost cycle is normally carried out when the total time for
which the compressor has operated reaches a prede-
termined value, for example 8 hours. These 8 hours can
evidently be reached over quite different time periods,
for example because periods of operation are interrupt-
ed by periods of non-operation. Assuming for example
that the compressor operates for 50% of the time, a de-
frost operation will be automatically performed every 16
hours.

[0005] The duration of the effective defrost cycle can
also be controlled, for example on the basis of the power
of the resistance element or the size of the evaporator.
In all cases defrosting requires a considerable quantity
of electrical energy. For example, just the defrost cycle
for a common domestic refrigerator consumes of the or-
der of 250 kWh annually.

[0006] In many European countries, night consump-
tion of electrical energy is encouraged to better balance
the load on the network energy system. The price of en-
ergy is often much lower within these time bands, and
often falls to just one quarter of the price during peak
hours. For example, in many countries a lower tariff is
applied between 10 p.m. and 6 a.m.

[0007] As already stated, in traditional automatic de-
frost systems, defrosting can take place at any moment,
and hence at times at which the electrical energy cost
is at its highest.

[0008] The technical aim of the present invention is
therefore to provide a device and process for the night-
time defrosting of refrigerators which enable the starting
time of the defrost cycle to be optimized, by advancing
it or delaying it with respect to the time based on the use
of the refrigerator (and hence of the compressor), so that
the defrost cycle takes place at least partly during the
hours of low energy tariff.

10

15

20

25

30

35

40

45

50

55

[0009] Further characteristics and advantages of the
invention will be more apparent from the description of
a preferred but non-exclusive embodiment of a night-
time defrosting device and process for refrigerators, il-
lustrated by way of non-limiting example in the accom-
panying drawings, in which:

Figure 1 is a schematic plan view of a refrigeration
circuitin accordance with the present invention; and
Figure 2 is a flow diagram showing the defrosting
control process of the present invention.

[0010] With reference to said figures, a refrigerator
compartment contains an evaporator unit 4, comprising
a substantially hairpin-type evaporator 5 in heat transfer
contact with the air present in the compartment and con-
veyed towards the evaporator 5 by a fan V. A refrigerant
fluid flows through the evaporator, with which a suitably
sized conventional resistance element 6 is in heat trans-
fer contact. The evaporator 5 forms part of a conven-
tional refrigeration unit 7, comprising a compressor 8, a
condenser 9 and a throttle valve 10. The resistance el-
ement 6 is connected to a current source 11 and to a
static switch 12 (triac), the output 12a of which is con-
trolled by a microprocessor 13. The microprocessor 13
hence controls the opening/closure of the static switch
12 and also, via the line 14, the starting/stopping of the
compressor 8 of the circuit of the refrigeration unit 7.
[0011] The microprocessor 13 is suitable for making
calculations, and is connected to a clock 15, to a timer
18, to a dynamic memory unit 17 and to a static memory
unit 16.

[0012] The static memory unit 16 stores information
regarding the value of preset parameters such as the
operating time Tr required of the defrosting resistance
element 6 if this time is not determined by the operation
of the bimetallic switch associated with the evaporator,
the total operating time Ts of the compressor 8 after
which defrosting is required (8 hours in the example),
and the maximum time Tdmax between two consecutive
defrost operations (50 hours in the example).

[0013] The defrost time comprises both the operating
time Tr of the resistance element and the time required
for the compressor to annul the overheating of the en-
vironment caused by the resistance element 6 itself; in
the example the sum of these two times is quantified as
3 hours. In the example there is only one time band of
low tariff electrical energy during the day, this being as-
sumed to be from 10 p.m. to 6 a.m.

[0014] The defrost process controlled by the micro-
processor takes place as follows with reference to Fig-
ure 3:

- S1: reading from the static memory 16 the values
of Tdmax (maximum time between two successive
defrosts), Ts (maximum total compressor operating
time between two successive defrosts), relative to
parameters set in the factory, and of which the value
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is optimized to obtain efficient refrigerator opera-
tion.

S2a: executing a defrost procedure by activating
the resistance element via the static switch 12, and
deactivating the compressor on activation of the re-
sistance element 6.

S2b: reading the current time and date from the
clock 15 and assigning the value read from the clock
15 to a variable Od (variable indicating the moment,
in terms of the time and date, of termination of the
defrost procedure), and storing this value in the dy-
namic memory 17.

S3: zeroing a variable Tc, provided by the timer 18
and indicating the compressor operating time, ze-
roing a variable Td, again provided by the timer 18
and indicating the time passed since the last de-
frost, and zeroing a variable Hd, stored in the dy-
namic memory 17 and indicating the moment at
which the defrost procedure is scheduled to com-
mence.

S4: reading the variables Tc and Td from the timer
18, and which are continuously updated by this lat-
ter.

S45: checking whether the value of Td is greater
than 3 hours (3 hours is only a sample value. In fact
it represents a sampling time, prior to which no pre-
diction is made on the presumed defrost com-
mencement time. This value can be optimized at
will). If greater than 3 the procedure executes S5, i.
e. the prediction procedure commences, otherwise
it waits and repeats S4.

S5: calculating the value of a variable Tp equal to
(Td/Tc)*(Ts-Tc); the variable defined in this manner
is a prediction, made on the basis of a percentage
utilization of the compressor (Td/Tc), of the time
which will pass before the compressor has operated
for a total time equal to Ts (in this example Ts = 8
hours).

S6: reading the time and date of the last defrost
stored in the dynamic memory 17 as Od, adding it
to Tp and hence determining the time and date pre-
dicted for the next defrost cycle and storing this in
the dynamic memory 17 as the value of the variable
Hd1.

S7: determining the value of the variable Hd2 as the
sum of the time and date read from the clock and
the preset parameter Tdmax, then storing this in the
dynamic memory 17 to hence determine the mo-
ment of the next defrost on the basis of the preset
maximum time between two consecutive defrosts.
S8: comparing the values of Hd2 and Hd1 and de-
termining the earlier, to establish and hence choose
which of the two moments of defrost is closer in
time.

S9a/S9b: assigning to the parameter Hd the value
determined by the comparison made at point S8.
S$10: checking whether the value of Hd lies (end val-
ues included) between 10 p.m. and 3 a.m,, i.e.
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whether the commencement of the defrost cycle is
scheduled within the low tariff band. This band does
not extend until 6 a.m. as the defrost cycle is sched-
uled to last 3 hours at most. If it lies therebetween,
the procedure executes S11, otherwise it executes
S12. (The times representing the ends of the band
are evidently provided by way of example, and can
be varied according to the case in point).

- S11: reading the current time and date from the
clock 15 and verifying that they are equal to Hd, i.
e. whether it is time for defrosting. If they are equal,
the procedure executes S2a/S2b, otherwise it exe-
cutes S4 to continue the cycle.

- 812: checking whether the value Hd lies between 3
a.m. and 2 p.m. Ifit lies therebetween, S13 is exe-
cuted, otherwise S16.

- 813: checking whether the value Hd1 (variable cal-
culated on the basis of compressor switch-on) has
been chosen for the value Hd, in which case S14 is
executed, otherwise S15.

- 814: checking whether the value of Tc is greater
than or equal to Ts, i.e. whether the compressor has
already operated for more than Ts hours. If less, S4
is executed, if greater S15 is executed.

- S15: setting a parameter Hd at 3 a.m. and executing
S17, hence anticipating the defrost cycle.

- S16: setting a parameter Hd at 10 p.m. and execut-
ing S17, so delaying the moment of commencement
of the defrost cycle; if Hd1<Hd2 the moment of com-
mencement of the defrost cycle is delayed to the
required extent, by making the compressor operate
for more than the scheduled time Ts, then activating
it as soon as within the low tariff band.

- 817: reading the current time and date from the
clock 15 and verifying that these are equal to the
Hd values set during the preceding steps, then ex-
ecuting S2a/S2b, i.e. the defrost cycle, if the verifi-
cation is positive; if negative, S4 is effected.

[0015] Modifications and variants are possible, in ad-
dition to those already stated; for example the parame-
ters Tdmax, Ts, Tr can have different values, suitable for
a particular environment or apparatus. The said param-
eters can be decided each time, so that they become
variables (for example Ts(Td)), determined automatical-
ly by the microprocessor 13 according to the values of
other variables, such as the number of openings of the
door 2f, the ambient temperature, atmospheric humidity,
etc. The time Tp for which the defrost resistance ele-
ment operates can be preset or determined by the (bi-
metallic) temperature switch present on the evaporator
5.

[0016] In the same manner the calculation of the time
and date effected in S5 for the next defrost cycle can be
based on more complex calculation algorithms with a
greater number of variables, such as ambient tempera-
ture, atmospheric humidity or the number of openings
of the door 2f.
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[0017] Inaddition, Td/Tc can be checked downstream
of S5 to determine if equal to 1, i.e. that the compressor
8 has operated for the entire time following defrost; if
Td=Tc=Ts (8 hours) the calculation is not made and de-
frosting takes place as soon as time Ts is reached. This
could indicate abnormal refrigerator operation or partic-
ular conditions such as a semi-open door.

[0018] In this case certain checks can be made to ex-
clude malfunction. For example continuous operation of
the compressor 8 for a lengthy period could be due to
the fact that fast freezing has been requested manually,
the fact that ambient temperature has changed abnor-
mally, the fact that the door has been recently opened,
the fact that settings of the refrigerator thermostat have
been changed, or other factors.

[0019] In the case of anomalies such as a slightly
open door or an inexplicable temperature rise, a buzzer
can sound or any other visual or acoustic signals be pro-
vided.

[0020] The clock 15 can be set manually by the user
or be of radio-controlled automatically set type.

[0021] The low tariff band can be different from that
from 10 p.m. to 6 a.m. There can also be more than one
time band (of low tariff or otherwise) within which defrost
is allowed to take place.

[0022] A preferred embodiment has been illustrated,
however others can be devised using the same inven-
tive concept.

Claims

1. A refrigeration appliance (refrigerator, freezer and
the like), comprising an evaporator (5), a compres-
sor (8) and electrical defrost means (6) for said
evaporator (5), characterised by comprising a mi-
croprocessor (13) associated with time measure-
ment means (15, 18) providing the microprocessor
(13) with data relative to the functioning of the com-
pressor (8) for the purpose of obtaining from said
data a percentage operation of the compressor (8)
and an indication of the predicted commencement
of defrost (Hdl), this indication being compared with
one or more time bands with the purpose of advanc-
ing or delaying if necessary the effective com-
mencement of the next defrost so that it takes place
within the established time band.

2. A refrigeration appliance as claimed in claim 1,
characterised in that the percentage is calculated
as the time of operation of the compressor (Tc), di-
vided by the total time (Td) formed by the sum of
the time of operation of the compressor (Tc) plus
the time of non-operation of the compressor.

3. A refrigeration appliance as claimed in claim 1,
characterised in that the value of the indication of
the predicted commencement of defrost (Hd1) is
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compared with a predetermined value, the earlier
of the two being chosen as the time to activate the
next defrost

A refrigeration appliance as claimed in claim 3,
characterised in that the chosen earlier value is
compared with one or more time bands to examine
the convenience of attributing this chosen earlier
value to one or other band in order to advance or
delay if necessary the effective commencement of
the next defrost so that this takes place within the
established time band.
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