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AIR CONDITIONER
BACKGROUND OF THE INVENTION

1.Field of the Tnvention

The present invention relates to an air conditioner having
controller equipped with electrical parts such as a power
transistor, etc., the controller controlling a driving current
of a compressor, etc.
2.Description of Related Art

A so-called inverter type air conditioner in which the
rotational speed of a compressor 1is #ariable in accordance with
an air-conditioning load so as to vary the power of the
compressor, has been known, as disclosed in Japanese Post-
examined Patent Application (KokoKu) No. Hei-2-5981. A controller
used in this type of air conditioner is generally equipped with
a power transistor as an electrical part for control.

In some air conditioners of the above type, when cooling
operation is carried out under an overload, in general the upper-
limit value of the driving current Qf the compressor is suddenly
reduced to a predetermined fixed value or less on the basis of
the detected temperature of a detector for detecting the outside

.air temperature to protect the electrical parts such as the power
transistor, etc., from heat. Further, in other air conditioners,
a thermostat is mounted on a heat sink for cooling the power
transistor, and the driving of the compressor is stopped when the

thermostat detects a predetermined temperature.



rotafi onal speed of a conpressor is variable in accordance with an
ai:r-conditioning load so as to vary the power of the conpressor, has been
known, as disclosed in Japanese Post- exam ned Patent Application (KokoKu)
No. Hei-2-5981. A controller wused in this type of air conditioner is
generally equi pped with -“a power transistor as an electrical part for

control . In sone air conditioners of the above type, when cooling
operation is carried out under an overlgad, in general the upper- limt
val ue of the driving current of the con%ressor is suddenly reduced to a

predeterm ned fixed value or |l ess on the basis of the detected tenperature
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electrlca par such as ower transistor, etc rom heat. Furt

in other gibte0Pfbhi #PC€tBe electrical parts is greatly varied between a
situation where an outdoor unit having an outside air temperature
detector is located under a sunny condition and a situation where
it is located under an unsunny or shady condition. Particularly
when the outdoor unit is located under the sunny condition, an
indoor unit is often located in a room having a sunny aspect. In
this case, the cooling operation trends to be more frequently
carried out as compared with such a situation that the indoor
unit is located in a room with an unsunny aspect. Therefore, for
example, in such a severely hot condition that the outside air
temperature is very high, the reduction of the driving current
of the compressor by the protection control and the stop control
of the driving operation are more frequently performed.
Therefore, it is very difficult to protect the power relay in
accordance with the outside air temperature.

Further, with respect to the air conditioners each using the
thermostat, when the air;conditioning load is large, the stop
control of the driving of the compressor trends to be more
frequently performed by the protection control. This situation
'occurs in a case where the cooling operation is particularly
required by é user. Therefore, the control of stopping the
driving of the compressor greatly disturbs the user, who is
prevented from enjoying a comfortable alr-conditioning

atmosphere, and it would be preferable to continue the driving



a thérnostat is mounted on a heat sink for cooling the power transistor,
and the driving of the conpressor is stopped when the thernostat detects a
pr edet er mi ned tenperature. - 2-
havi ng the outside tenperature detector, the control node for the
protection of the electrircal parts is greatly varied between a situation
where an outdoor unit having an outside air tenperature detector is

| ocat ed under a sunny condition and a_sgtgation wher e

of the compressor although the driving power of the compressor
is a little lowered.
SUMMARY OF THE TNVENTTON

An object of the present invention is to provide an air
conditioner which is enabled to be continuously operated even
when the driving operation thereof is carried out wunder an
overload.

In order to attain the above object, according to the
present invention, there is provided an air conditioner which has
a controller equipped with heat-producing electrical parts and
in which the driving current of a compressor, etc., is controlled
by the controller, which includes a temperature sensor which is
provided to or in the vicinity of at least one heat-sensitive
electrical part of the electrical parts and adapted to detect the

" temperature of the heat-sensitive electrical part, and means for
gradually reducing the upper-limit value of the driving current
of the compressor when the temperature detected by the
temperature sensor is higﬁer than a predetermined value.

In the air conditioner as described above, the controller
is equipped with a power transistor, and a temperature sensor is
'provided to the transistor or in the vicinity of the transistor.
When the tempefature detected by the temperature sensor is higher
than the predetermined value, the means reduces the upper-limit
value of the driving current of the compressor.

In the air conditioner as described above, the means reduces



it 18 |ocated under an unsunny or shady condition. Particularly when the
outdoor unit is |ocated under the sunny condition, an indoor unit is often
| ocated in a room having a sunny aspect. In this case, the cooling
operation trends to be nore frequently <carried out as conpared with such a
situation that the indoor wunit is located in a roomw th an unsunny
aspect. Therefore, for exanple, in such a severely hot condition that the
outside air tenperature is very high, the reduction of the driving current
of the conpressor by the protection confrol and the stop control of the
driving operation are nore frequently perfornmed. Therefore, it is very
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temperature detected by the temperature sensor.

Fig. 1 is an outline of an air conditioner according to the
present invention;

Fig. 2 is a diagram showing a refrigerant circuit of the air
conditioner shown in Fig. 1;

Fig. 3 is an exploded view showing an outdoor unit of the
air conditioner shown in Fig. 1;

Fig. 4 is an electrical circuit diagram showing a controller
for the air conditioner shown in Fig. 1;

Fig. 5 is a diagram showing a control characteristic of the
controller; and

Fig. 8 is a diagram showing a different control
characteristic of the controller. |

DETATLED DESCRTPTTON OF THE PREFERRED EMBODTIMENT

A preferred embodimeﬁt according to the present invention
will be described hereunder with reference to the accompanying
drawing.
' Fig. 1 1is a diagram showing the outlook of the air
conditioner 1: and the outline of Fig. 1 is different from the
actual arrangement of the air conditioner because both the front
face sides of the outdoor and indoor units of the air conditioner

are illustrated as being faced to the same direction.



contfol of the driving of the conpressor trends to be more frequently
performed by the protection control. This situation occurs in a case where
the cooling operation is particularly required by a user. Therefore, the
control of stopping the driving of the conpressor greatly disturbs the
user, who is prevented from enjoying a confortable

air-conditioning atnosphere, and it would be preferable to continue the
driving - 3-

_5_

The air conditioner 1 shown in Fig. 1 is mainly constructed
of an indéor unit 2 and an outdoor unit 3, and both the units are
connected to each other through an interunit pipe 4 and an
interunit cable 5.

In Fig. 2, reference numeral 10 represents a refrigerant
circuit of the air conditioner 1, reference numeral 11
represents a compressor for compressing the refrigerant,
reference numeral 12 represents a muffler, reference numeral 13
represents a four-way valve for changing the direction of the
refrigerant flow, reference numeral 14 represents an outdoor heat
exchanger, reference numeral 15 represents an expansion devige
(pressure-reducing device) using capillary tubes, reference
numeral 16 represents a strainer for removing impurities from the
refrigerant, reference numeral 17 represents a service ?alve,
reference numeral 4A represents an interunit pipe, reference
numeral 18 represents an auxiliary pipe, reference numeral 19
represents an indoor heat exchanger, reference numeral 20
represents an auxiliary pipe, reference numeral 4B represents an
interunit pipe, reference 21 represents a service valve,
reference numeral 22 represents a muffler, reference numeral 23

.represents an accumulator, and reference numerals 24A to 24G
represent refrigerant pipes for connecting the respective
equipments as described above.

In Fig. 2, an arrow indicated by a solid line represents the

refrigerant flow in <cooling operation (under "~ defrosting



of the conpressor although the driving power of the conpressor is alittle
| ower ed. SUMVARY OF THE | NVENTI ON An obj ect of
the present invention is to provide an air conditioner which is enabled to
be continuously operated even when the driving operation thereof is
carried out under an overl oad. In order to attain the above object,
according to the present invention, there is provided an air conditioner
whi ch has a controller equi pped with heat-producing electrical parts and
in which the driving current of a conpréssor, etc., is controlled by the
controller, which includes a tenperature sensor which is provided to or in

the vicinity of at |east one heat-sensitjve .
operation) and an arrow indicated by a dotted line represents the

refrigerant flow in heating operation. The cooling and heating
operation of the air conditioner 1s substantially similar to that
of the conventional air conditioner, and thus the detailed
description thereof is omitted from the specification.

Fig. 3 is an exploded view showing an outdoor unit of the
air conditioner shown in Fig. 1.

In Fig. 3, reference numeral 30 represents a panel
comprising a top plate and a front plate which are integrally
formed with each other, reference numeral 31 represents a panel
comprising both side plates and a back plate which are
integrally formed with each other, and reference numeral 32
represents a bottom plate. The panel 30, the panel 31 and the
bottom plate 32 constitute an outer case 33. Reference numeral
34 represents a drain pipe, and reference numeral 35 represents
'a fan guard.

Reference numeral 38 represents a propeller fan, reference
numeral 37 represents aﬁ fan motor for driving the fan 36,
reference numeral 38 represents a motor stand for supporting the
motor 37, reference numeral 39 represents an outside air

‘temperature detector (sensor) for detecting the outside ailr
temperature, %eference numeral 40 represents an outdoor heat
exchanger detector (sensor) for detecting the temperature of the
outdoor heat exchanger, reference numeral 41 represents a

vibration preventing rubber member for suppressing the vibration



el ectrical part of the electrical parts and adapted to detect the .
tenperature of the heat-sensitive electrical part, and neans for gradually
reducing the upper-limt value of the driving current of the conpressor
when the tenperature detected by the tenperature sensor is higher than a
pr edet er m ned val ue. - In the air conditioner as described above, the
controller is equipped with a power transistor, and a tenperature sensor
is provided to the transistor or in the V|C|n|ty of the transistor. Wen
the tenperature detected by the tenperafure sensor is higher than the
predetern1ned val ue, the neans reduces the upper-I|n1t val ue of the

driving cu nt of the conpr essor. air condltloner as
descrlgedo b rﬂ)gﬁﬁk; ce numeral repreésents a cover for

covering a terminal stand and wires, reference numeral 43
represents a valve cover, reference numeral 44 represents a
partition plate for partitioning a heat exchanger chamber and a
mechanical chamber from each other, reference numeral 45
represents a reactor mounted to the partition plate 44, reference
numeral 13A represents an electromagnetic coil for driving a
needle of the four-way valve 13, reference numeral 46 represents
a detector for detecting the temperature of the refrigerant,
reference numeral 47 represents an electrical equipment box,
reference numeral 48 represents a cover for the electrical
equipment box, reference numeral 49 represents a control board,
reference numeral 50 represents electrolytic capacitors,
reference numeral 51 represents a terminal board, reference
numeral 52 represents a fuse, reference numerals 53 and 54
represent integrated circuits (Ics), reference numeral 55
represents a capacitor, reference numeral 56 represents an HIC
(hybrid IC) having a power transistor and a driving circuit for
driving the power transistor, reference numeral 57 represents a
cooler to which the HIC is secured, and reference numerals 58 and
.59 represent lead wires for connecting electrical parts to one
another. -
Fig. 4 shows an electrical circuit diagram 1A of the air
conditioner, and it mainly comprises an electrical circuit 2A at

the indoor unit side and an electrical circuit 3A at the outdoor



-4- " the upper-limt value of the driving current of the conpressor
stepwi se or linearly in accordance wth an increase of the tenperature

detected by the tenperature sensor. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 is an outline of an air conditioner according to the
present invention; “-Fig. 2 is a diagramshowing a refrigerant circuit

of the air conditioner shown in Fig. 1;
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unit side.

Reference numeral 61 represents a plug for supplying power
to the controller of the indoor unit, reference numeral 62
represents a switch for the power source, reference numeral 63
represents a power relay, and reference numeral 64 represents a
power relay board. A power relay 65 and a fuse 66 are provided
on the power relay board 64. Reference numeral 67 represents a
power source board, reference numeral 68 represents a power
source for the motor, reference numeral 69 represents a serial
power source, reference numeral 70 represents a power source for
a control circuit, reference numeral 71 represents a driving
circuit, reference numeral 72 represents a fuse, reference
numeral 73 represents. a fan motor, reference numeral 74
represents a control board, reference numeral 75 represents a
serial circuit, reference numeral 76 represents a driving
circuit, reference numeral 77 represents a microcomputer (which
is abbreviated as “micron®), reference numeral 78 represents a
service LED (light emitting diode) -used for service, reference
numeral 79 represents a driving change-over switch, reference
numeral 80 represents an up-and-down flap motor for driving an
-up—and—down flap (an air blow direction changing plate which is
located to exéend in a lateral direction and adapted to change
the direction of the air flow (upward and downward directioms)),
and reference numeral 81 represents a display board which has a

display LED 82 and a reception circuit 83 for receiving a signal



Fig. 3 is an exploded view showi ng an outdoor unit of the air conditioner

shown in Fig. 1, Fig. 4 is an electrical circuit diagramshow ng a
controller for the air conditioner shown in Fig. 1; Fig. 5is a

di agram show ng a control characteristic of the <controller; and Fi g.
6 is a diagramshowing a different control characteristic of the
controller. DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT A
preferred enbodi nent according to the present invention wll be described
hereunder with reference to the acconpargyi-ng draw ng. Fig. 1is a

di agram show ng the outl ook of the air conditioner 1, and the outline of

Fig. 1 is different fromthe
from a wireless remote controller. Reference numeral 84
represents a room temperature sensor for detecting the
temperature of the room air, reference numeral 85 represents a
heat exchange temperature sensor for detecting the temperature
of the indoor heat exchanger, reference numeral 86 represents a
3-pin terminal board at the indoor unit side, and reference
numerals 5A,5B,and 5C represent interunit cables.

Reference numeral 87 represents a control board, reference
numeral 88 represents a noise filter, reference numeral 89
represents a serial circuit, reference numeral 90 represents a
noise filter, reference numeral 91 represents a fuse, reference
numeral 92 represents a fuse, reference numeral 93 represents a
noise filter, reference numeral 94 represents a switching power
source, and reference numeral 95 represents a microcomputer.
Reference numeral 96 represents a diode, and reference numeral
56A represents a power transistor which is provided in the HIC.
The power transistor 1s connected to a drive circuit (not shown)
for driving the transistor. Reference numeral 97 represents a
temperature sensing element (temperature sensor) which is
_provided to the power transistor to detect the temperature of the
power transistor. The temperature sensing element (temperature
sensor) 97 is formed of a thermistor and serves to output a
signal representing the detected temperature to the microcomputer
95. Reference numeral 37A represents a capacitor for the fan

motor.



actual arrangenent of the air conditioner because both the front face
sides of the outdoor and indoor units of the air conditioner are
illustrated as being faced to the sanme direction.

- 5- The air conditioner 1 shown in Fig. 1 is mainly constructed of
an indoor unit 2 and an outdoor unit 3, and both the units are connected
to each other through an interunit pipe 4 and an interunit cable 5.
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The driving current of the compressor can be controlled by
adjustiné the driving frequency of the compressor under control
of the control board. Accordingly, not only the driving power of
the compressor can be varied, but also the driving current of the
compressor can be varied under control of the control board
(controller).

The operation of the alr conditioner thus constructed will
be next described. -

During the operation of the air conditioner, the
microcomputer receives signals from various sensors, and controls
the driving frequency of the compressor to control the driving
{rotational speed) of the compressor. When a lérge cooling load
is required in cooling operation, for example, when many persons
gather in a room which is to be air-conditioned or when a low
temperature value 1is set, the driving of the compressor is
carried out at a driving level which is relatively near to the
maximum level. In such a case, the temperature of the HIC is
liable to rises up to a relatively high temperature. In normal
practical use, the temperature of the HIC is required to be set
to 70°C or less. However, when the outside air temperature is
extremely high or when the outdoor unit is located under a sunny
condition, the temperature and the pressure in the refrigerant
circuit are increased, and the temperature of the HIC is also
increased. In this case, a protection circuit is actuated to stop

the driving of the air conditioner. When the driving of the air



In Fig. 2, reference nuneral 10 represents a refrigerant circuit of the
ai.r conditioner 1, reference nuneral 11 represents a conpressor for
conpressing the refrigerant, reference nuneral 12 represents a muffler,
reference nuneral 13 represents a four-way val ve for changing the
direction of the refrigerant flow, reference numeral 14 represents an

out door heat exchanger, reference nuneral 15 represents an expansi on
device (pressure-reducing device) using capillary tubes, reference

nuneral 16 represents a strainer for tdiiowving inpurities fromthe
refrigerant, reference numeral 17 represents a service valve, reference
nunmeral 4A represents, an interunit pipe, reference nuneral 18 represents

an aUX|I|%ﬁﬂdkﬁ%ﬁpeqe#%%%ﬁ&%?ﬁ%n%ythEQPrpéﬁPegeﬁt§15ﬁuiﬁd68rtH@a@ ove

exchanger, reference nuneral 20
9 situation, some users may feel uncomfortable due to the loss of

air conditioning. Accordingly, according to the present
invention, the driving of the air conditioner is controlled to
be carried out as continuously as possible even if the driving
power (cooling power) thereof is lowered.

Specifically, the driving of the compressor under such a
situation is carried out as follows. It is assumed that the upper
‘1imit value of the driving current of the compressor is normally
set to 15A. In this case, if the temperature detected by the
temperature sensor is equal to a predetermined value (for
example, :80°C), the driving frequency is controlled so that the
upper limit wvalue of the driving current of the compressor is
reduced by 0.5A and thus it is set to 14.,5A, for example.
Therefore, the maximum value (upper limit value) of the cooling
power is reduced, Nonetheless, the cooling operation continues,
and the cooling operation avoids being suddenly stopped.
Furthermore, when the detected temperature rises to 81°C, the
upper limit value 1s further reduced by 0.5A, and thus the
driving current is set to 14.0A, for example. Likewise, when the
temperature successiveiy rises up to 82°C, 83°C, 84°C, 85°C,
88°C, 87°C, 85’0, or 89°C, the upper limit value of the cooling
operation is further euccessively reduced by every 0.5A and set
to 13.5A, 13.0A, 12.5A, 12.0A,11.5A, 11.0A,10.5A, 10.0A

respectively. When the detected temperature further rises up to



rqgrésents an auxiliary pipe, referénce nuneral 4B represents an interunit
pi.pe, reference 21 represents a service valve, reference nuneral 22
represents a nuffler, reference nunmeral 23 represents an accumnul ator, and
reference nunerals 24A to 24G represent refrigerant pipes for connecting
the respective equipnents as descri bed above. In Fig. 2, an arrow
I ndicated by a solid |line represents the refrigerant flow in cooling
operation (under defrosting
- 12 -
100°C, the driving of the air conditioner is finally stopped to
prevent the power transistor from being damaged (see Fig. 5). In
this embodiment, the predetermined value is set in the range of
80°C to 89°C, and it is varied every one degree. However, the
value may be set in a broader range, and be varied by smaller or
larger increments. In addition, in the above embodiment, the
driving current of the compressor is varied by every 0.5A,
however, it may be varied by every smaller or larger value.
According to the present invention, the temperature sensor
is provided to (mounted on or built in) the power transistor or
in the vicinity of the power transistor, and the upper limit
value of the driving current of the compressor is reduced
(particularly, gradually) when the temperature of the power
transistor is higher than a predetermined value. Preferably, the
upper limit value of the driving current of the compressor is
reduced in accordance with the inérease of the temperature
detected by the detector. Therefore, although the driving power
of the compressor is lowered, excessive heating of the power
transistor and other electrical parts in the vicinity of the
_power transistor can be prevented by the reduction of the driving
power, soO thgt stopping of the driving operation of the
compressor due to the protection control can be reduced as much
as possible. Therefore, unlike the conventional air conditioner

in which the compressor 1is suddenly stopped, the present

compressor is prevented from being suddenly stopped, and thus the



- 6- operation) and an arrow i ndicated by a dotted line represents the

refrigerant flow in heating operation. The cooling and heating operation

of the air conditioner is substantially simlar to that of the
conventional air conditioner, and thus the detailed description thereof

omtted fromthe specification.

out door
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Fig. 3.,is an expl oded view show ng an
unit of the air conditioner showmn in Fig. 1. In Fig. 3,

ref erence nuneral 30 represents a panel conprising a top plate and a front

plate which are integrally

formed wi +hi8aeh other, reference nuneral 31

represents a panel conprising both side plates and a back plate which
are integrally formed with each other, and reference nuneral 32

present invention can provide a relatively comfortable air-
conditioning atmosphere to the user.

Further, the upper limit value of the driving current of the
compressor is gradually reduced in accordance with the
temperature of the temperature sensor. Accordingly, when the
temperature detected by the temperature sensor is relatively low,
the reduction level of the upper limit value of the driving
current is set to a small level. On the other hand, when the
temperature detected by the temperature sensor is relatively
high, the reduction level of the upper limit value of the driving
current is set to a large level. That is, the upper limit value
of the driving current of the compressor can beé controlled so
that the driving operation of the air conditioner is carried out
as continuously as possible without being ceased. Therefore, the
user hardly feels uncomfortable because the driving operation of
the air conditioner is carried out continuously although the
driving power 1s somewhat reduced (the cooling effect is less,
as compared with a case where the air conditioning operation is
completely ceased due to the stop of the driving operation.

Fig. 6 is a graph showing a different control characteristic
of the above-described controller. The difference between the
control charaéteristics of Figs. 5 and 6 resides in that the
control operation of Fig. 6 is carried out linearly, whereas the
control operation of Fig. 5 is performed stepwise. When the slope

of the current value, where the temperature of the power



represents a bottom plate. The panel 30, the panel 31 and the bottom plate
32 constitute an outer case 33. Reference nuneral 34 represents a drain
pi pe, and reference nuneral 35 represents a fan guard. Ref er ence
nuneral 36 represents a propeller fan, reference nuneral 37 represents a
fan motor for driving the fan 36, reference nuneral 38 represents a notor
stand for supporting the notor 37, reference nuneral 39 represents an
outside air tenperature detector (sensor) for detecting the outside air
tenperature, reference nunmeral 40 represénts an outdoor heat exchanger
detector (sensor) for detecting the tenperature of the outdoor heat
exchanger, reference numeral 41 represents a vibration preventin
rubber nefBapsistosudsr @sdiadg theBQ) bEat P8nC, is equal to -0.5A/°C, "by

reducing the driving current of the compressor linearly (in place
of stepwise), the driving power of the compressor can be reduced
more smoothly when it is driven at the maximum power. Thus, the
situation is avoided where the comfortable air conditioning level
is suddenly lowered due to rapid reduction in cooling power.

In the above-described embodiment, the power transistor is
provided with the temperature sensor. The temperature sensor may
be provided to another electrical part which 1is sensitive to heat
(for example, the semiconductor parts, the ICs 53, 54, the
electrolytic transistor 50, etc. on the board 49) to reduce the
upper limit value of the driving current of the compressor.

Further, the temperature sensor may be disposed in the
vicinity of the power transistor, or in a cooler to indirectly
detect the temperature of the power transistor. In this case, the
correlation between the temperature of the cooler and the
temperature of the power transistor must be examined in advance
to preset a predetermined value of the cooler.

In addition, a power transistor in which a temperature

_sensor is beforehand built may be manufactured and used.

According to the present invention, a temperature sensor is
provided to or in the vicinity of a heat-sensitive electrical
part such as a power transistor or the like, and when the
temperature detected by the temperature sensor is high, the upper

limit value of the driving current of the compressor is reduced.



-f% " of the conpressor, reference nuneral 42 represents a cover for
cavering a termnal stand and wires, reference nuneral 43 represents a
val ve cover, reference nuneral 44 represents a partition plate for
partitioning a heat exchanger chanber and a nechanical chanber from each
other, reference nuneral “45 represents a reactor nounted to the partition
plate 44, reference nuneral 13A represents an el ectromagnetic coil for
driving a 15

Therefore, although the driving power of the air conditioner is
lowered, the heating of the electrical parts such as the power
transistor, etc., can be reduced due to the reduction of the
driving power, so that

sudden stopping of the driving operation of the air conditioner
by the protection control 1is avoided as much as possible.
Accordingly, as compared with the conveﬁtional air conditioner
in which the driving of the compressor is relatively often
stopped by the protection control, the preéent invention can
provide an air condition which make users less uncomfortable.

Further, the present invention can provide an air
conditioner which can prevent the heat-sensitive electrical parts
such as the power transistor, etc., from being_damaged and make
users less uncomfortable as compared with the conventional air
conditioner in which the driving of the compressor is relatively
often stopped by the protection control.

Particularly, according to the present invention, the upper .
limit value of the driving current of the compressor is reduced
in accordance with the temperature detected by the temperature
sensor. Therefore, when the temperature detected by the
temperature sensor is relatively low, the reduction level of the
upper limit vﬁlue of the driving current is set to a smaller
value. On the other hand, when the temperature detected by the
temperature sensor is relatively high, the reduction level of the

upper limit value of the driving current 1s set to a larger



needl e of the four-way valve 13, reference nunmeral 46 represents a
detector for detecting the tenperature of the refrigerant, reference
nuneral 47 represents an el ectrical equi pnent box, reference nuneral 48
represents a cover for the electrical equipnment box, reference nunmeral 49
represents a control board, reference nuneral 50 represents electrolytic
capacitors, reference nuneral 51 represents a termnal board, reference
nuneral 52 represents a fuse, reference nunerals 53 and 54 represent
integrated circuits (lcs), reference aupgral 55 represents a capacitor,
reference nuneral 56 represents an HHC (hybrid I1C) having a power -
transistor and a driving circuit for driving the power transistor,

r ef er ence valer. aThs¥ ispresenppar ldadltervatlmewbifcthehdrivhgscesecemtdyf and
reference nunerals 58 and 59 represent |ead wires for connecting

el ectri calthgacompresseie is gradually controlled so that the driving of the

compressor 1is carried out as continuously as possible without
being ceased. Therefore, there is provided an air conditioner
which prevents reduction in cooling power from occurring suddenly

and thus makes users uncomfortable as little as possible.



anot her .

Fig. 4 shows an electrical circuit diagram 1A of the air

conditioner, and it mainly conprises an electrical circuit 2A at the

i ndoor

power

unit side and an electrical circuit 3A at the outdoor
- 8- unit side. Ref erence nuneral 61 represents a plug for supplying
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WHAT TS CILATMED TS

1. An air conditioner having a compressor for air
conditioning operation, gggyan electrical circuit containing a
controller equipped with heat-producing electrical parts and
adapted to control a driving current of a compressor, etc.,
including:

a temperature sensor which is provided to or in the
vicinity of at least one heat-sensitive electrical part of the
electrical parts and adapted to detect a temperature of the heat-
sensitiye electrical part; and

means for gradually reducing an upper-limit wvalue of
the driving current of said compressor when the temperature
detected by said temperature sensor 1is higher than a
predetermined value.

2. The air conditioner as claimed in claim 1, wherein said
temperature sensor is mounted on or is built-in to the heat-
sensitive electrical part.

3. The air conditioner as claimed in claim 1, wherein said
heat-sensitive electrical part comprises a power transistor.

4. The air coﬁditioner as claimed in claim 1, wherein said
means reducing the upper-limit value of the driving current of
said compressor in accordance with increase of the temperature
detected by the temperature sensor.

5. The air conditioner as claimed in claim 4, wherein sald

means reduces the upper-limit value of the driving current of

This Sheet Has Been Repla
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to the controller of the indoor unit, reference nuneral 62 represents a
switch foe—%he—pemeL—seuLeeT_reference nunmeral 63 represents a power

rel ay, 64 represents a power relay board. A power
rel ay 65 "u ﬁﬂﬁmﬁwmﬂ provided on the power relay board 64. Reference
nuneral 67*represem ssa =power source board, reference nuneral 68
represents a power source for the notor, reference nunmeral 69 represents a
serial power source, reference nuneral 70 represents a power source for a
control circuit, reference nuneral 71 rgpresents a driving circuit,
ref erence nuneral 72 represents a fuse, reference nuneral 73 represents a
fan notor, reference nuneral 74 represents a control board, reference
nuner al 75aiépcespné¢sser stepwlseiincudcorddmremdenamerialcréaseprfesde s a
driving circuit, reference nuneral 77 represents a m croconputer (which
temperature detected by said temperature sensor.

6. The air conditioner as claimed in claim 4, wherein said
means reduces the upper-limit value of the driving current of
said compressor lipearly in accordance with the increase of the
temperature detected by said temperature sensor.

7. The air conditioner as claimed in claim 1, wherein said
means controls the operating frequency of said compressor to
reduce the driving current of said compressor.

8. The air conditioner as claimed in claim 1, wherein said

temperature sensor comprises a thermistor.
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is abbreviated as "micron"), reference nuneral 78 represents a service LED
(l.ight emtting diode)-used for service, reference nuneral 79 represents a
driving change-over switch, reference nuneral 80 represents an up-and-down
flap nmotor for driving an up-and-down flap (an air blow direction changing
plate which is |ocated to extend in a |ateral direction and adapted to
change the direction of the air flow (upward and dowward directions)),
and reference nuneral 81 represents a display board which has a display
LED 82 and a reception circuit 83 for-rigcei ving a signal
ABSTRACT QOF THE DTSCL.OSURE
An air conditioner which has a controller equipped with

heat-producing electrical parts and in which the driving current

of a compressor, etc., is controlled by the controller, includes

a temperature sensor which is provided to or in the vicinity of

at least one heat-sensitive electrical part (for example, a power

transistor) of the electrical parts and adapted to detect the

temperature of a heat-sensitive electrical part, and means for

stepwise or 1linearly reducing the upper-limit wvalue of the

driving current of the compressor in accordance with the increase

of the detected temperature when the temperature detected by the

temperature sensor is higher than a predetermined value.
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-9- froma wireless renote controller. Reference nuneral 84 represents a
roomtenperature sensor for detecting the tenperature of the roomair

ref erence nuneral 85 represents a heat exchange tenperature sensor for
detecting the tenperature of the indoor heat exchanger, reference nuneral
86 represents a 3-pin termnal board at the indoor unit side, and
reference nunerals 5A 5B, and 5C represengyd nferunit- cabl es. . Reference
nuneral 87 represents a control board, reference nuneral 88 represents a
noise filter, reference nuneral 89 represents a serial circuit, reference
nunmeral 90 represents a noise filter, reference nuneral 91 represents a
fuse, reference

This Sheet Has Been Replaced
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nunmeral 92 represents a fuse, reference nuneral 93 represents a noise
fi-lter, reference nuneral 94 represents-a swtching power source, and
reference nuneral 95 represents a mcroconputer. Reference nuneral 96
represents a diode, and reference nuneral 56A represents a power

transi stor which is provided in the HC. The power transistor is connected
to a drive circui § (not shown) . for driving the transistor. Reference
nuneral 97 represgnts a tenperature sensing el enment (tenperature sensof)
which is provideff to the power transistor to detect the tenperature of the

power transistor.®The tenpe”ature Sensing € ' € HTUFE“‘senﬁor) 97
is formed of a thfirmi stor and serves to outlp a signal repre ting the
detected tenperatBre to the'nyégﬁ}ymputcl_ 85, er eng < ?7
r- : .

represents a capaCitor for th h y
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The driving

current of the conpressor can be controlled by adjusting the driving

frequency of the conpressor under cont 1

9& 3pf the control board.

Accordingly, not only the dri-ving power “0f ° the conpressor can be varied, -
but also the driving current of the conpressor can be varied under control

of the control board (controller).

This Sheet Has Been Replaced -

TR

|

i

THIS SHEET HAS BHEN |
REPLACED -




The operation of the air conditioner thus constructed will be next

descri bed. During the operation of the air conditioner, the

m croconputer receives signals fromvarioug sensors, and controls the
driving frequency of the conpressor to contkrol the driving (rotational
speed) of the conpressor.- When a | arge cooEi ng load is required in cooling

operation, for gexanple, Yany 4oer sons Sgat her a roomwhich is totbe
ai r-conditione@ or

i
M teﬁ)eraturegvald,ue i é.seg the driving of the
conpressor is gcarrie e i1 wong | ejel iBh\ | atively near to

the maxi mum | evel . |

u:t & _case; Whe te
to rises up tog
t enperature of:neg

the HHC is Iliable
I gﬁ_r'lactical use, the

|
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t%?%d[err]c or | ess. However, when the outside air tenperature is
ex@Xrenely high or when the outdoor unit -is | ocated under a sunny
condition, the tenperature and the pressure in the refrigerant

i ncreased, and the tenperature of the HHC is also increased.

a protection circuit is actuated to stop the driving of the ai
conditioner. When the driving of the air conditio

rcuit are
his case,
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situation, sone users may feel unconfortable due to the loss of air
conditioning. Accordingly, according to the present invention, the
driving of the air conditioner is controlled to be carried out as
continuously as possible even if the driving power (cooling power) thereof
is | owered. Specifically, the driving of the conpressor under such a
situation is carried out as follows. It is assuned that the upper Ilimt,
value of the driving current of the conpressor is normally set to 15A In
this case, if the tenperature detected by the tenperature segses is equal
to a predeterm ned value (for exanple, :80[err] Q. _the driMi g@jrequency
is controlled so that the wupper Iimt value of the drivingjcurment of the
conpressor is reduced by 0.5A and thus it is set to 14.5A |for gexanple.
Therefore, the maxi mum val ue (upper limt- value)jof the coolli ng g

TEMPERATURE OF POWER TRAN
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power i‘s reduced, Nonethel ess, the cooling operation conti RS, . ”ﬂ'k@?
cool ing eperation avoids being suddenly stopped. Furt her nfg="‘whd EET
‘detected tenperature rises to 81l[err]C, the wupper limt vpl'tre

reduced by 0.5A, and thus the driving cuggent is set- to
exanpl e. Likew se, when the tenperature successively ris
83[err]C, 84C, 85[err]C, 86[err]C. &t eonNderioHrerr] C of
upper limt value of the cooling operation is further sufcessi
by every 0.5A and set to 13.5A, 13.0A 12.5A, 12.0A, 11.5A
10. 0OA respectively. Wen the detected tenperature further rise

ABSTRACT OF THE DISCI.OSURE
An air conditioner which has a controller equipped with

‘heat-producing electfical parts and in which the driving current
of a compressor, etc., 1s controlled by the controller, includes
a temperature sensor whiéh is profided to_of in the vicinity of
at least one heat-sensitive électrical part (for example, a power
trgnsistor) of the eléctriéal parts'apd adapted to detect the
- temperature of é heat-sensitive electrical part, and means for
.gtepwise or l;nearly reducing the upper-limit value of thg
driving current of the.compresso; in accordance with the increase
.of'the detecfed temperature when the temperature detected by the

temperature sensor is higher than a predetermined value.



- 12 - ' 100[err]C, the driving of the air conditioner is finally stopped to
prevent the power transistor from being danaged (see Fig. 5). In this
enbodi ment, the predeterm ned value is set in the range of 80[err]C to
89[err]C, and it is varied every one degree. However, the |l ue may be set
In a broader range, and be varied by snmdller or larger in rgg@@@

addition, in the above enbodi nent, the driving current of jthe_ E&E@Eéﬂﬁfr
is varied by every 0.5A, however, it may be varied by every]smal I'er

| ar ger val ue. According to the present invention, t emﬁ%MHMywa7
sensor is provided to (nmounted on or built in) the power ftriansi stor or

FIG. 1




inthe'vicinity of the power transistor, and the upper limt value of the
driving current of the conpressor is reduced (particularly, gradually)

when the tenperature of the power transistor is higher thar= U
predeternined value. Preferably, the upper limt value off RRRLAREMERTGSHEET
current of the conpressor is reduced i accordance w th tihefTntrease Oiﬂ%

the tenperature detected by the detector. Therefore, althou h1%hg@@yﬁ&?n'
power of the conpressor is |owered, excessive heating of {the power
transi stor and other electrical parts in the vicinity of tlhe™ power

transi stor can be prevented by the reduction of the drivigg power, SO
t hat stopping ¢ the driving operation of the conpressor due to the
protection contrab can be reduced as much as possible. Therefore, unlike
t he conventionalgéir conditioner in which the conpressor is suddenly
stopped, the pre%ﬁnt
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conpressor is prevented from being suddenly stopped, and thus the
preserit invention can provide a relatively confortable air- conditioning

at nosphere to the user. Further, the upper limt val ue ef-the—eitvi-Rg
current of- the conpressor is gradually reduced in accordandeRErHACERENT Sﬁfiﬁ'
tenperature of the tenperature sensor. Accordingly, when theg

15 Jay 1997

FIG. 3




tenperdture detected by the tenperature sensor is relatively low, the
reduct'ion | evel of the upper limt value of the driving current is set to
a snmall level. On the other hand, when the tenperature detected by the

tenperature sensor is relatively high, the reduction I?ﬁjz%he upper
limt value of the driving current is skt to a large | \Fggﬁmmmg%gﬁe

upper Iimt value of the driving current of the conpressgl. &an-
controlled so_that thg I’IVIgg operation of the alr condj t ?;e%r %3
out as conti %Jougl T0 e w t hout bei ngnceas.ed heré3o ﬁ
hardly feels @nconf OBl £ la- ause the driving er jﬁgmwm

conditioner is_car Vi ng power is
somewhat reduced {3 o w-tlamease
where the air I(l)lntﬁt" °cea‘$ed due to the stop
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Fig. 6'is a graph showing a different control characteristic of the
above-‘descri bed controller. The difference between the control

characteristics of Figs. 5 and 6 resides in that the contr =
Fig. 6 is carried out linearly, whereas the control operatijo BT
performed stepw se. Wien the slope of the current val ue, jer] R
tenperature of the power
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transistor is equal to 80 to 90[err]C, is equal to -0.5A/[err]C, by
reduci'ng the driving current of the conpressor linearly (in p
stepw se),” the driving power of the conpressor can be reduced REPB\CEMENT SH

snoothly when it is driven at the maxi num power. Thus, the sijtys , EET
avoi ded where the confortable air condi i oning |level is sudd nly1ggMﬁ{
due to rapid reduction in cooling power. In the above-dgséri M 1167
enbodi ment, the power transistor is provided with the tenperfatt S
The tenperature sensor may be provided to another el ectrical] part mhlch i's

sensitive to heat (for exanple, the sem conductor parts, the
the electrolytic transistor 50, etc. on the board 49) to reduce the upper
limt value of the driving current of the conpressor. Further, the

tenperature sensor nmay be disposed in the vicinity of the power ~

transistor, or in a cooler to indirectly %ﬂ
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¢ errperatue sistor. In this ca
g{&ﬁi&sﬁ&ﬁm&dt he H m@lﬁwﬁ lmhe cool er and tewst SIMAEN
DG m advance to prgsel.

\‘M In addition, a power transisto#f i
B i s bef or ehand bwltl y be manufactgreé
According to the present invention, a teﬁgerature senson i

in the vici f GREnS§ §itive el ectrical part 51 as a
transi stor en the tenperature det ec\t

tenperature sendor is high, t hﬁnﬁi}%ﬁdxnbddphfavmehléemﬁfesioh%m Mndiliofiagr ent
of the conpressor is reduced.
operation, and an electrical circuit coataining a controller equipped with heat-producing

electrical parts for controlling a driving current of the compressor, including:

a temperature sensor which is provided adjacent at least one heat-sensitive

electrical part of the electrical parts for detecting a temperature of the heat-sensitive
electrical part; and means for reducing an upper-limit value of the driving current of said

compressor when the temperature detected by said temperature sensor is higher than a

predetermined value, the upper-limit value being adjusted to one of a plurality of

2. The air conditioner as claimed in claim 1, wherein said
temperature sensor is mounted on or is built-in to the heat-

sensitive €lectrical part.
3. The air conditioner as claimed in claim 1, wherein said
heat-sensitive electrical part comprises a power transistor.

4, CANCELLED
5. The air conditioner as claimed in claim 4, wherein said

means reduces the upper-limit value of the driving current of
said compressor stepwise in accordance with an increase of the

temperature detected by said temperature sensor.

8. The air conditioner as claimed in claim 4, wherein said
means reduces the upper-limit value of the driving current of"
said compressor linearly in accordance with the lincrease of the
temperature detected by said temperature sensor.

7. The air conditioner as claimed in claim 1, wherein _sa:i'd
means controls the operating frequency of said compressor to
reduce the driving current of sald compressor.

8. The air conditioner as claimed in claim 1, wherein saild

temperature sensor comprises a thermistor.

TS SHEET HAS BEEN
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- 15 - Therefore, although the driving power of the air condltloner S
IoWered Lh&_h% of the el ectrical parts such as the pdi S

et ed 0 the reduction of the driving goWerks
sudden st gmm,’ ,emml ving operation of the air conditifofér
protection C ded as nuch as_possible. Accordng
conpared with the conventlonal air condit¥oner in which dr| VI ng

conpressor is relatively often stopped by the protection }
present invention can 'f

9. A coatrof system for an air conditioner having a compressor for air
conditioning operation, the control system comprising:

a temperature seasor located adjacent to at least one heat-sensitive electrical part for
detecting a temperature of the heat-sensitive electrical part and for generating a temperature
signal representative of the temperature sensed; and

an electrical circuit containing a controller equipped with heat-producing and heat-
sensitive electrical parts for coatrolling .a driving current of the compressor, the controller
being connected to the temperature sensor for receiving the temperature signal, said controller

setting an upper-limit value of the driving current of the compressor, the controller being

responsive to receipt of a temperature signal from the temperature seasor corresponding to a

temperature above a predetermined level to reduce the upper-limit value to a predetermined

value corresponding to the temperature sensed.

10. The air conditioner of claim 9 wherein the temperature sensor is

S——

mounted on orbuilt-in to the heat-sensitive electrical part. -

11, The air conditioner of claim 9 wherein the heat-sensitive electrical part

comprises a power transistor.

12. The air conditioner of claim 9 wherein the controller reduces the upper-

——

limit value of the driving current stepwise corresponding with an increase of the temperature

detected by the temperature sensor, ——— 00
This Sheet Has Been
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provide an air condition which make users |ess unconfortabhlg
Further, the present invention can provide an air conditif

prevent th heat sens el ectrical parts such as the o

etc., fro mllmmﬁﬁgj ﬁi‘d make users |ess unconfortablge ai éom gék
V\nththec conditi oner |n whi ch the drivi #ig ifo i
conpr essor |s relatively often stoppéd By t he protectiongcdntrol

Particularly, according to the present invention, the uppgr |imt value ofi
the driving current of the conpressor is reduced in accortganee-w ;
tenperature detected by the terrperature sensor. Therefore, when the

tenperature detected by t erature _se I.s ;rel ati | 0 t he
reduction | eveldof the %‘I‘CPT‘ ‘?“%8?6‘@“’69 qu}?é theog 0 ﬂr‘%ﬁ?s%g UBRS t o
a smaller

limit value of the driving current linearly corresponding with an increase of the temperature

detected by the temperature sensor.

14. The air conditioner of claim 9 wherein the controller controls the

frequency of the compressor to reduce the driving current of the compressor.

5. The air conditioner of claim 9 wherein the temperature sensor comprises
a thermistor.
This Sheet Has Been Replaced
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val ué. On thé'ﬁrher—handr_mn§ﬂ~Lbe tenperature detected by the

AN mlmeUmgj; eduction level of the upHELeLf fseiAl o8
: [‘; 3047 ot
ere

upper limt val'uetoft ng current of the conpresso
1. An air conditioner having a compressor for air conditioning

controlled so that the driving of the co essor is carri
continuously as possible wthout being ceaSed. Therefore,

provi ded anWHAT I$NCLATIMERITS:

operation, and an electrical circuit containing controller equipped

with heat-producing electrical parts for controlling a revolution

of the compressor to keep a driving current of the compressor under

an upper-limit value, including:

a temperature sensor which is provided adjacent at least one
heat-sensitive electrical part of the electrical parts for
detecting a temperature of the heat-sensitive electrical part; and

means for reducing the upper-limit value of the driving
current of said compressor when the temperature detected by said
temperature sensor is higher than a predetermined value, the upper-
limit value being adjusted to one of a plurality of predetermined
values based on the temperature detected.

2. The air conditioner as claimed in claim 1, wherein said
temperature sensor is mounted on or is built-in to the heat-
gsensitive electrical part.

3. The air conditioner as claimed in claim 1, wherein said heat-

sensitive electrical part comprises a power transistor.
4, CANCELLED

5. The air conditioner as claimed in claim 4, wherein said means
reduces the upper-limit value of the driving current of said
compressor stepwise 1in accordance with an increase of the

temperature detected by said temperature sensor.

6. The air conditioner as claimed in claim 4, wherein said means
reduces the upper-limit value of the driving current of said
compressor linearly in accordance with the increase of the
temperature detected by said temperature sensor.

7. The air conditioner as claimed in claim 1, wherein said means
controls the operating frequency of said compressor to reduce the
driving current of said compressor.
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‘whi ch prevenfs reduction in cooling power fromoccurring
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ai r condi
equi pped

AR . An air conditioner having
;%_l- M l n,: and an electrical circuit contalnwngp
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.s IittIe as possi bl e.

D
3

?@%ﬁlmr

r

eab p¥odUC|ng el ectrical parts for control

of the conpressor to keep a driving current of the conpresisor under an
upper-limt value, including: a tenpd at ure sensor whi-chi-s—provt-ded
adj acent at | east one heat-sensitive electrical part of the electrical

parts for

8. The air conditioner as claimed in claim 1, wherein sgaid

temperature sensor comprises a thermistor.

{

9. A control system for an air conditioner having a compressor

for air conditioning operation, the control system comprising:

a temperature sensor located adjacent to at least one heat-
gensitive electrical part for detecting a temperature of the heat-

sensitive electrical part and for generating a temperature
signal representative of the temperature sensed; and

an electrical circuit containing a controller equipped with
heat-producing and heat-sensitive electrical parts for controlling

a revolution of the compressor to keep a driving current of said

compressor under an upper-limit value, the controller being

connected to the temperature sensor for receiving the temperature
gignal, said controller setting the upper-limit value of the
driving current of the compressor, the controller beiné responsive
to receipt of a temperature signal from the temperature sensor
corresponding to predetermined value corresponding to the

temperature gensed.

10. The air conditioner of claim 9, wherein the temperature sensor
is mounted on or built-in to the heat-sensitive electrical part.

11. The air conditioner of claim 9 wherein the heat-sensitive
electrical part comprises a power transistor.

12. The air conditioner of claim 9 wherein the controller reduces
the upper-limit value of the driving current stepwise corresponding
with an increase of the temperature detected by the temperature

sensor.

13. The air conditioner of claim 9 wherein the controller reduces
the upper-limit value of the driving current linearly corresponding
with an increase of the temperature detected by the temperature

sensor. ‘*-~—;-_‘-‘_-~‘
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det ect i ng a tenmperature of the heat-sensitive electrical part; and
nmeans for reducing the upper-limt value of the driving curre f
#CHMEWT SHEET

conpressor when._t he Le erature aet ected by said tenperature

hi gher than a Fﬂﬂ il ﬁ ”§ ‘the upper- |imt value beijngfa

one of a plura DI ned val ues based on the tenpgratui @ yegqv 1908
det ect ed. 2. The al r "condi fl oner as clained in claiml, erfein sald
tenperature sensor is nounted on or is bul®t=in to the heat-

el ectrical part. 3. The air conditioner as claimed in clafm1, wher ein

sai d heat - iensmlve el ectrical part conprises a power transi stor
CANCELLED Thealy congiddionsrert £ladmdreher %menpentméierrp@m:mls

means reduene fhequepey - bf Nthe VabHSrodsdP el todide Cilid i ving dbthrrent of
CONpr essor . wi se in accordance with an increase of the terrperature

detected byﬁga %m?%%se?’ét ure sensor. 6. The air conditioner as clained
inclaiml, wherein said neans

15. The air conditioner of claim 9 wherein the temperature sensor

comprises a thermistor.
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reduces t he—tpper—H-mit—value of the drg qugﬁgfrgnt of said conpressor

tenperature detected by

oot evod ARNTITBERVER AN+ " vhe o o offig oner a5 ¢l o sl

wherei n sai*d ®eahs toritrols the operating
reduce the driving current of said conpressor.

uency of s

i ﬁgp@ﬁ&ﬁﬂ\ﬁbfiﬁﬁ&; |
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WHAT IS CLAIMED IS:
1. An air conditioner having a compressor for air conditioning

operation, and an electrical circuit containing controller equipped
with heat-producing electrical parts for controlling a revolution
of the compressor to keep a driving current of the compressor under
an upper-limit value, including:

a temperature sensor which is provided adjacent at least one
heat-sensitive electrical part of the electrical parts for
detecting a temperature of the heat-sensitive electrical part; and

means for reducing the upper-limit value of the driving
current of said compressor when the temperature detected by said
temperature sensor is higher than a predetermined value, the upper-
limit value being adjusted to one of a plurality of predetermined
values based on the temperature detected. -

» .
2. The air conditicner as claimed in claim 1, wherein said
temperature sensor is mounted on or is built-in to the heat-

gensitive electrical part.

3. The air conditioner as claimed in claim 1, wherein sa.id_ heat-
sensitive electrical part comprises a power transistor. '

FE
*

4. ~ CANCELLED

5. The air conditioner as claimed in claim 1, wherein said means
reduces the upper-limit wvalue of the driving current of said
compresgor stepwise in accordance with an increase of the
temperature detected by said temperature sensor.

6. The air conditioner as claimed in claim I, wherein said means
reduces the upper-limit value of the driving current of said
compressor linearly in accordance with the increase of the

temperature detected by said temperature sensor.

7. The air conditioner as claimed in claim 1, wherein said means
controls the operating frequency of said compressor to reduce the
driving current of said compressor.



