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I nvention The present invention relates to a control systém%odr}’%a\f
nmul tiple-type air conditioner which constitutes a refrigerating cycle by a
singl e outdoor unit equipped with conpressors, four-way valves, and

expansi on devi ces ddﬁ'?ﬁ@l_' S?SWEW'F@?WETME-WEPNR@G)NDI‘DIDNE‘ROOF

units, and a common outdoor side heat exchanger; and a plurality of indoor
units, each of which having an indoor side heat exchanger.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a control system for a multiple-type air
conditioner which constitutes a refrigerating cycle by a single outdoor unit
equipped with compressors, four-way valves, and expansion devices
respectivély corresponding to a plurality of indoor units, and a common outdoor
‘side heat exchanger; and a plurality of indoor units, each of which having an
indoor side heat exchanger. |

Description of Related Art

Hitherto, there has been known a Mo—compréssor, separate-type air
conditioner which is provided with a plurality of indoor units for a single outdoor
unit. This type of air conditioner performs cooling and heating by switching the
circulating direction of a refrigerant.

When the outdoor temperature goes down to about +5 degrees
Celsius while the air conditioner is operating in a heating mode which is
commonly known as a "reverse cycle heating" operation mode, the évaporating
temperature of the refrigerant in an outdoor side heat exchanger becomes 0
degree Celsius or lower, causing "frosting" in which the moisture in the air tumns
into frost and adheres to the heat exchanger. If the frost is left unremoved, the
frost builds up and eventually paralyzes the ventilation of the outdoqr side heat
exchanger. Furthermore, the thermal conductivity of the heét exchanger is
deteriorated, thus disabling it from drawing outdoor heat.

The frosting problem is an inevitable problem with the reverse cycle
heating operation of the air conditioner, and defrosting must be carried out to
prevent the frosting problem. .\
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Description of Related Art ' Hi therto, there has been known a

t wo- conpressor, separate-type air conditioner which is provided with a
plurality of indoor units for a single outdoor wunit. This type of air
conditioner perfornms cooling and heating by switching the circulating
direction of a refrigerant. When -t he outdoor tenperature goes down

to about +5 degrees orieebpitHe ddfirdstinghmethdds A céichoactases, eprvairsayicle a
heati ng node which is comonly known as a "reverse cycl e heating"

oper ati on ga¥rsstinghemetHIO g NBeert egﬁ@%}ed,eAcéorum@ r ®f rtheerranérsen gycle
out door side heal exchanger becones 0 egree Cel sius or |ower, causing

o Che! PR PERS, To egitin syl o e frm 4 reating perdon s
mode to a cooling operation mode during the heating operation so as to let a
hot refrigerant gas, which is discharged from a compressor, flow into a frosted
outdoor side heat exchanger, thereby melting the frost by the heat.

It takes a little time before the temperature is raised after the air
conditioner starts the heating operation. When the air conditioner carries out
the aforesaid defrosting control, it is placed in the cooling mode.. Under such
conditions, cold air would be blown into a room to cool the air in the room
against the will of a user therein. To prevent such a situation, the air
conditioner is provided with measures to prevent cold air from being let out.

There should be no substantial inconvenience in the case of a latest
microprocessor-controlied air conditioner which allows the entire operation of the
outdoor unit to be monitored and controlled from the indoor unit side. There is
an inconvenience set forth below, however, in the case of a two-compressor,

multiple-type air conditioner which has a simple outdoor unit that has no such

means as a microcomputer and conducts merely ON/OFF control and which

has no signal conductor for transmitting the informaiion on the state of the
.outdoor unit to the indoor unit, the outdoor .unit independently starting the
defrosting operation. In such an air conditioner, there occurs a situation in
which the indoor unit continues normal operation whereas the outdoor unit is
carrying out the defrosting control, resulting in the inconvenience where the
indoor unit blows cold air into the' room while the outdoor unit is cehducting the

defrosting control.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the presenf invention to provide an
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frost builds up and eventually paral yzes the ventilation of the outdoor
side heat exchanger. Furthernore, the thermal conductivity of the heat
exchanger is deteriorated, thus disabling it from draw ng outdoor heat.
The frosting problemis an inevitable problemw th the reverse cycle
heating operation of the air conditioner, and defrosting nust be carried

out to prlﬂéﬁﬁénélm dohrdl ispstent @& amwo-compressor, multiple-type air conditioner
- 2- one of the defrosting nmethods in such a case, a reverse

ey fClr - ?ﬁf\i'vﬁ&h' tds BRdRdodraGNiP equipper! @M?Mlt%emmm@NlmﬂmmmtﬁMduaalmcI e
g nethod, the refrigerating cycle is switched froma heating
operation gnd which has no signal conductor for transmitting the information on the state
of the outdoor unit to a latest microprocessor-controlled indoor unit, which
control system enabling the outdoor unit to automatically and independently
detect frosting and carry out defrosting control during a reverse cycle heating
operation, and enabling the operation of the outdoor unit to be determined from
the indoor unit side so as to take proper action as necessary and also the
operation of the outdoor unit to be monitored and controlled from the indoor unit
side just as in the case of a microprocessor-controlled air conditioner.

To this end, according to one aspect of the present invention, there
is provided a control system for a multiple-type air conditibner, which control
system is equipped with: means for independently controlling the operation of
an outdoor unit; and means for making it possib_le to determine the 6peration of
an outdoor unit from an indoor unit side according to the state of an indoor side
heat exchanger to control the operation of the air conditioner; in a separate,
multiple-type air conditioner which constitutes a fefrigerating cycle by a common
outdoor side heat exchanger, a single outdoor unit equipped' with compressors,

four-way valves, and expansion devices respectively co.rresponding fo a
plurality of indoor units, and a plurality of indoor units, each of which having
an indoor side heat exchanger.:

According to another aspect of the present invention, there is
provided a control system for a multiple-type air _conditioner in a separate,
multiple-type. air conditioner which constitutes a refrigera.ting- cycle by_ a common
outdoor side heat exchanger, a single outdoor unit equipped wi_ih compressors,

four-way valves, and expansion devices respectively corréspdhding to a

plurality of indoor units, and a plurality of indoor units, each.of which having
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mpde to a cooling operation node during the heating operation so as to |et
a hot refrigerant gas, which is discharged froma conpressor, flowinto a
frosted outdoor side heat exchanger, -thereby nelting the frost by the
heat . It takes a little time before the tenperature is raised
after the air conditioner starts the heating operation. Wen the air

condi t1 0negn CiiclbPSsigl! hebll CerdiRingBAl th daie Tokddiing 0BSMIRDI, sybten® foragssl in

t he cooling no er such conditions, cold air would be blown into a

roomto C%Huy%@er dif SR ADahasbr tiit Ws! leqaippedussith:t hesarisn.fol o

prevent suc uation, the air conditioner is provided with nmeasures to

prevent CO‘)I@V@H?H% 881 BRI Bléw! WhicAdends an Oll\l orTOsFesigharicd £ eompressor,

s_ubstantia I'nconveni ence in t he case of a | atest
m Cropr ocegsoHNE Yt O afigrsdlT forOBAT butsoer fahi ebidell] wvari lottdwdri sileopratt i on

o exchanger, a cobling or heating signal for switching a four-way valve to an
outdoor unit and which decreases the air volume of an indoor fan added to an
indoor side heat exchanger when the temperature of the indoor side heat
exchanger has dropped down to a first preset value or lower while the heating
signal is being issued to the outdoor unit and the ON signal for the compressor
is being issued; and means for ending the cool air prevention to set the
decreased air volume back to a presef air volume when the temperature of the
indoor side heat exchanger has risen back to a temperature which is sufficient
for heating operation.

According to the present invention, in a two-éompressor,
multiple-type air conditioner which is not provided with a signal conductor for
transmitting the information on the state of an outdoor unit to an indoor unit,
even if a latest microprocessof—controlled indoor unit is combined with an
outdoor unit which has only a simple function for merely turning ON/OFF a
motor that drives a compressor, the control can be carried ou{ independently in

- the outdoor unit and the operation of the outdoor unit can be detected and
determined from the indoor unit side so as to enable proper action to be taken.

Moreover, the detection of frosting and the defrosting control can be
independently performed in the outdoor unit during the reverse_cycle heating
operation. In addition, even when the heating operatiorji, or the .detection of
frosting and the defrosting control is carried out independently in the outdoor
unit during the reverse cycle heating, such an 6peration bérformed in the

outdoor unit can be detected and determined from the indoor unit side by a
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outdoor unit to be nonitored and controlled fromthe indoor unit side.
There is an inconvenience set forth bel ow, however, in the case of a

t wo- conpressor, nultiple-type air conditioner which has a sinple outdoor
unit that has no such neans as a m croconputer and conducts nerely OV OFF
control and whi ch has no signal conductor for transmtting the information

on the st e iMfhe ‘Pé’thﬁ@l‘ﬁttéﬂé“bf the indbor élaé%eétnéiohahbér L0 PBrrHttirg

i ndependen Iy tartl ng t frosting operation. In such an air

cond! L1 oncgropkf B 4F Bl pleviriish ciol b bBidoputle | ndoor uni ¢ cont | nues

nor mal |on er eas outdoor unit is carrying out the defrosting
control, rgm}éf; 'GEB%TRFWPQN r@prna@mlmgre the indoor unit blows cold
air into t 'S conducting the defrosting
control.  SUMVARY gk HHs INWibEK @rbgram showing a multiple-type air conditioner
according to the present invention;
Fig. 2 is an electric circuit of a controller of an indoor unit;
Fig. 3 is an electric circuit of a controller of an outdoor unit; and
Fig. 4 is a timing chart illustrating the detection of frosting and a
defrosting operation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, | the schematic conﬁguration of a two-compressor
, multiple-type air conditioner to which the pfesent invention is applied will be
described.

The multiple-type air conditioner is constructed by an outdoor unit 1
installed outdoors, ahd an indoor unit 2 and an indoor unit 3 installed indoors;
these outdoor and indoor units are connected through refrigerant piping and
signal conductors for transmitting commands from the indoor units.

Mounted on the outdoor unit 1 are a common outdoor side heét-
exchanger (a heat source side heat exchanger) 10, an outdoor fan 11 which is
composed of a motor and a propeller fan to expedite the heat exchange
between the outside air and the outdoor side heat exchanger 10, compressors
12 and 12’, four-way valves 13 and 13’ for switching the circulating direction of
a refrigerant, check valves 14 and 14’ for regulating the circulating direction of
the refrigerant-, capillary tubes (expansion devices) 15A and 15B, strainers 16A
, 16°A, 16B and 16'B, refrigerant pipe connecting ports 17A, 17T°A, 17B and 1
7B, accumulators 18 and 18, mufflers 19A, I9°A, 'IQB_'.and 9B, and an

outdoor side controller which will be discussed later. ——
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Accordingly, it is an object of the present invention to provide an

| nexpensive control systemfor a two-conpressor, nmultiple-type air
conditiner which has an outdoor unit equipped only with a sinple OV OFF
control function and which has no signal conductor for transmtting the
information on the state . of the outdoor unit to a | atest

M Cr opr ocessor - CoffhpQit88or NAIPAT d6és hot Wave suchankans asya ntittoseaiputas it he
outdoor unit to automatically and i ndependently detect frosting and carry

out def r ostdrfigs BANEMPle CNIORF dpeRMINScorfidet] € heating operation, and
enabl ing the operation of the outdoor unit to be determned from

Mounted on the indoor unit 2 are an indoor side heat exchanger (user
side heat exchanger) 20, an indoor fan 21 composed of a fan motor 22 and a
cross flow fan which is driven by the fan motor and returns the air, which has
been heated or cooled by the indoor side heat exchanger 20, back into a room
, refrigerant pipe connecting ports 23A and 23B, and an indoor side controller .
which will be discussed later.

Mounted on the indoor unit 3 are an indoor side heat exchanger (user
side heat exchanger) 30, an indoor fan 31 composed of a fan motor 32 and a
cross; flow fan which is driven by the fan motor and returns the air, which has
been 'heated or cooled by the indoor side heat exchanger 30, back into a room
, refrigerant pipe connecting ports 33A and 33B, and an indoor side controller
which will be discussed later.

The outdoor unit 1, the indoor unit 2, and the indoor unit 3 provided
with the component' units described above constitute a two-system refrigerating
cycle by connecting the port 17A with the port 23A and the port 17T°A with the
port 33A, respectively, by a refrigerant pipe having a diameter of 9.52 mm and
by connecting the port 17B with the port 23B and the port 17B with the port 33B
by a refrigerant pipe having a diameter of 6.35 mm as illustrated in Fig. 1.

The cooling operation and the heating operation v'ia the foregoing
refrigerant circulating path will now be described in cenjunction with the outdoor
unit 1 and the indoor unit 2. The relationship between the outdoor unit 1 and
the indoor unit 3 is the same, and the description thereof will be omitted.

When the four-way valve 13 is in the state fshown. in Fig. 1, .the
refrigerant discharged from the compressor 12 circuletes in the direction
indicated by solid-line arrows (cooling operation mode). T
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the indoor unit side so as to take proper action as necessary and al so the
operation of ‘the outdoor unit to be nonitored and controlled fromthe

i ndoor unit side just as in the case of a mcroprocessor-controlled air
condi tioner. To this end, according to one aspect of the present
I nvention, there is provided a control systemfor a nultiple-type air

condi tioner, whi clfFigpnttie! highstempeératweyi highd pressurenegasedusr refrigerant
i ndependently controlling the operation of an outdoor unit; and nmeans for

making it gigsisargkd frémdehesicompresser 0D gaisesnthebugtaitheundfiler 198 tank the an
I ndoor unit side according to the state of an indoor side heat exchanger

to contr ol folRfvayPRilaé i18nnadrdehandireactisdinie cutdoor sidechest @xchamger 10.
mul tiple-type air conditioner which constitutes a refrigerating cycle by a

common out door siThen)ethie eutdvangside fansi hplews @idodo thei outdqor sk heat h
conpr essors,
exchanger 10 to cool the refrigerant so as to condense and liquefy it in the
outdoor side heat exchanger 10.

The refrigerant then passes through the check valve 14 and the
strainer 16A before it reaches the capillary tube 15A. At this time, the
refrigerant is squeezed by the capillary tube 15A, so that it has a low
temperature and a high pressure.

Then, the refrigerant goes through the strainer 16B, the port 17B,
and the port 23B beforé it is supplied to the indoor side heat exchanger 20. |

The indoor side heat exchanger 20 extends the piping passage
through which the refrigerant circulates; therefore, the pressure in the indoor
side heat exchanger 20 becomes low, causing the high-pressure refrigerant to
evaporate and gasify. The heat of vaporization at that time lowers the
temperature of the indoor side heat exchanger 20 and the cross flow fan 21
blows air out, thus cooling a room (indoor) to be air-conditioned. - |

The evaporated refrigerant passes through' the port 23A, the port 17A
, the muffler 19A, and the four-way valve 13 and reaches the accumulator 18.
The accumulator 18 separates the refrigerant which has not gasified in the
indoor side heat exchanger 20, i.e. liquid refrigerant, from gasified refrigerant
, i.e. gaseous refrigerant, and it supplies only thé gaseous fefrigerant to the
compressor 12. The compressor 12 recompresses the .gaseoi.Js _r.efrigerant- to
circulate it through the refrigerating cycle. | ) “

Thus, in the cooling operation mode, the refrigerant discharged from

the compressor 12 condenses in the outdoor side heat exchanger 10 and
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faur-way val ves, and expansi on devi ces respectively corresponding to a
plurality of indoor units, and a plurality of indoor units, each of which
having an indoor side heat exchanger. Accordi ng to anot her
~aspect of the present invention, there is provided a control systemfor a
mul tiple-type air conditioner in a separate, nultiple-type air conditioner

whi ch consgvdperatesanr thier ingeorsideg hetc brchignger imtm exhaustdther heatdfroime the
exchanger, a single outdoor unit equi pped with conpressors, four-way

val ves, angir-esnditiched rdem tethe euitsids ) tedneby cenablingntthengiriconditioped rrabint y  of
I ndoor units, and a plurality of indoor units, each of which having
to be cooled.

In the heating operation mode, the four-way valve 13 is switched as
indicated by dotted-line arrows shown in Fig. 1, and the refrigerant discharged
from the compressor 12 circulates in the direction indicated by the dashed-line
arrows in Fig. 1. |

First, the high-temperature, high-pressure gaseous refrigerant
discharged from the compressor 12 goes through the muffler 19B, the four-way
valve 13, the muffler 19A, the port 17A, and the port 23A in order and reaches
the indoor side heat exchanger 20. |

Then, the cross flow fan 21 blows air into the indoor side heat
exchanger 20 to cool the indoor side heat exchanger 20 which has been heated
by the temperature of the refrigerant, and the refrigerant circulating inside
condenses and liquefies. In other words, the cross flow fan 21 blows the air to
the indoor side heat exchanger 20, which has been heated, so as to heat the
room (indoor) to be air-conditioned.

The Ilquefled refngerant then goes through the port 23B, the port 17B
, and the strainer 16B to reach the capillary tube 15A and the capillary tube 15B
. At this time, the refrigerant is squeezed by the capillary tube 1 5A; therefore,

it has a low temperature and a high pressure. The check valve 14 prevents
the refrigerant from circulating through the strainer 16A. |

Then, the‘refrigerant is supplied to the outdoor. side h"_éat éxchanger 1
0. The outdoor side heat exchanger 10 extends the piping béssage through
which the refrigerant circulates; therefore, the pressure_in the 6utdoor side heat
exchanger 10 becomes low, causing the high-pressu're refrigerént to evaporate

and gasify. At this time, the outdoor fan 11 blows air fo expedite the
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-4- an'indoor side heat exchanger. In the foregoing control systemfor the
mul tiple-type air conditioner, an indoor unit is equipped with: neans for
preventing cool air blow which sends an ON or OFF signal for a conpressor,
an ON or OFF signal for an outdoor fan added to an outdoor side heat
exchanger, a cooling or heating signal for switching a four-way valve to an

out door ury PatiororcRedefigerass the air volunme of an indoor fan added to
an indoor vtgpg eat exchanger when the tenperature of the indoor side heat

exchanger has dronpgdeditaledl feffigéfdnt A5 @aedatbumenracbemlat@msewhhme
heating signal is being issued t0 the outdoor unit and the ON signal for

the conpr ‘?6§|Q6vay'\fam§'139 THes desumalkfor 8 e phfites 19 Mefrigefart GvthichiHas not
prevention to set the decreased air volunme back to a preset air vol une
when the toSfRIcAtnIItAe0butdedr side heat exchanger 10, i.e. liquid refrigerant, from
gasified refrigerant, i.e. gaseous refrigerant, and it supplies only the gaseous
refrigerant to the compressor 12. The compressor 12 recompresses the
gaseous refrigerant to circulate it through the refrigerating cycle.
| Thus, in the heating operation mode, the refrigerant discharged from
the compressor 12 condenses in the indoor side heat exchanger 20 and
evaporates in the outdoor side heat exchanger 10 to release the outdoor heat
into the air-conditioned room, thereby enabling the heating of the room to be
air-conditioned. |

In this case, the indoor cooling or heating temperature can be
maintained at a desired set temperature by microcomputer control according to
the detection output of a temperature sensor disposed near the indoor fan21.

In the two-compressor, multiple-type air conditioner, the outdoor side
heat exchanger 10 is shared by the indoor units.2 and 3. For this reason, the
indoor units 2 and 3 cannot be operated in different modes; in other words,
there will be no situation wherein the indoor unit 2 is operating in the heating
mode, while the indoor unit 3 is operating in the cooling mode. |

The air conditioner is set so that priority is given to the heating
operation, and hence, if one indoor unit is operating in the heating mode,
while the other indoor unit is operating in the cooling mode, then priority is
given to the heating mode, and the compressor in the coollng mode is held at |
rest. As a result, the lndoor unit snmply blows air. | .

Fig. 2 is an electric circuit diagram showing an essentlal section of

the controller mounted on the indoor units 2 and 3. The _follow_lng will describe

This Sheet Has Been Replaced

. HII\I\ MR




I ndoor® si de heat exchanger has risen back to a tenperature which is
sufficient for heating operation. : According to the present
invention, in a two-conpressor, nultiple-type air conditioner which is
not provided with a signal conductor for transmtting the information on
the state of an outdoor unit to an indoor unit, even if a |atest

i cropr oc R UaseWhéreld 81 tortrier iiounted ontthadmtowrtunited.  out door uni t
whi ch has only a sinple function for nerely turning OV OFF a notor that

drives a conpress@ mithRoffpittéoMCare.be TRIS26000 made i mddNFRUS S| pravided he
outdoor unit and the operation of the outdoor unit can be detected and

det er mi nedyf:0switdMesi fof @ettingthie tsasie nisdensf the ainabhditipnepimciuding answitchbe

t aken. Moreover, the detection of frosting and the defrosting

control car bgdlecting among power OFF, power ON, and test run, and a switch for
displaying the brief history of a failure for a service staff, .an operation display
unit 5 for displaying the cooling operation mode, the heating operation mode,
the cool air blow prevention, etc.; and a signal receiver 6 as a confrol interface
which receives a wireless signal from a remote controller, demodulates it, and
sends a control code td the microcomputer MC.

The remote controller is used primarily to_:l tum ON/OFF the air
conditioner; switch among the heating mode, thé cooling mode, and the fan
mode; set the room temperature; set the air blow of the. room fan 21 to high,
medium, low, or automatic (H/M/L/auto); set the time on the timer to start or
stop the operation; set the discharging direction of conditioned air, i.e. heated
or cooled air, at a desired angle or for automatic setting; and detect the room
temperature around the remote control and autométically send a value indicative
of the room temperature to the signal receiver at predetermined intervals, e.g.

2 to 3 minutes.

The microcomputer MC controls the operation of the air conditioner
according to the signals received from the remote controller. When the heating
mode has been selected among the cooling mode, the heating mode, and the
fan mode, the microcomputer MC issues to the controller of the outdoor unit 1
a signal (high-level voltage —> low-level voitage) for tuming ON the four-way
valve 13 via a terminal No. 3 of a connector 4A;.' it jud'ges. the room
temperature and the set température and supplies a signal _(highQIevél voltage
<—> low-level voltage) for turning ON or OFF the c-ompressor. 12 to the

controller of the outdoor unit 1 via a terminal No. '2 of the conne'ctor'4A.
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I ndependent|ly performed in the outdoor unit during the reverse cycle
heating operation. In addition, even when the heating operation, or the
detection of frosting and the defrosting control is carried out

i ndependently in the outdoor wunit during the reverse cycle heating, such
an operation perfornmed in the outdoor unit can be detected and determ ned

from the indoor umirthardiepénding on whethehan@eefrigerating eyoler &t i theohigthe
i ndoor side heat exchaner, thus permting proper cold air blow prevention
control toohg &sHMtiti,ethe niktroEbmpatsrRVIET isdieSa BignaPRIBW-I498! voltage «—>
high-level -voltage) for turning ON or OFF the outdoor fan 11 to the controller of
the outdoor unit 1 via a terminal No. 4 of the connector 4A.

A stepping motor 7 changes the--angle of an air blow shifting plate to
change the vertical discharging direction of conditioned air. The speed of the
stepping motor 7 is reduced through a combination of reduction gears. A range
of about 90 degrees is divided into 512 steps, and the stepping motor 7 is run
in the forward or reverse direction by a desired number of steps by the
microcomputer MC via a driver so as to change the angle of the air blow
changing plate as desired.

Hence, when the microcomputer MC switches the revolution of the
stepping motor between the forward and reverse directions at a predetermined
cycle, the discharging direction of conditioned air can be changed in
succession, and therefore, this function is genérally known as "swing."

A single-phase induction motor 22 drives the cross flow fan of the
indoor fan 21; it is equipped with speed regulating terminals based on a selector
‘circuit 8 for selection among high, medium, low, and very low (H/M/L/LL).
The supply of current to these speed regulating temﬁnals is controlled by the
microcomputer MC through relays R1 and R2 which have selector armatures.
The selection between low and very low (L and LL) is performed by the
microcomputer MC through electronic switches SSR1 and SSR2.

The microcomputer MC controls the relays and "the elédrbnic switches
according to the signals received from the remote controllér. Ft;rtherl, when the
air blow has been set for auto, the microcomputer aUtomaticélly changes the
air blow so that it increases as the room temperature goes away from a set

temperature or it decreases as the room temperature comes closer to the set
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Fi.g. 1'is a block diagram showing a nmultiple-type air conditioner

according to the present invention; Fig. 2 is an electric circuit
of a controller of an indoor unit; : Fig. 3is an electric circuit
of a controller of an outdoor unit; and Fig. 4 is atimng chart

illustrating the detection of frosting and a defrosting operation.
DESCRI PTI @dpEratiife . PRGNS coMBrEdsdENDSis at halt in thdebeling opetation modé,

schematic configuration of a two-conpressor mul tiple-type air

condi ti ongy the neating dperatire friotle, | theeair ibtow iis sepfo lowl. \Burin

The nultiple-type air conditioner is constructed by an outdoor unit 1
i nstal | ed gperatioh, s theaddoladir biose prevemtion3s saeried oubh ddereinrthe dir blowt & $etd

i ndoor s;

to very low or brought to a halt.

TH1 and TH2 denote temperature sensors; TH1 is a thermistor
installed to detect the temperature of the indoor side heat exchanger 20 and TH
2 is a thermistor installed to detect the temperature of the room air sucked in by
the room fan 21. |

The temperature detected by the thermistor TH1 is used for detecting

the frosting of the outdoor side heat exchanger in the heating operation mode

‘and for starting the defrosting operation, preventing cool air blow in the heating

operation mode, and preventing the freezing in the cooling operation mode.

The temperature detected by the thermistor TH2 is compared with the
room temperature sent from the remote controller and if the room temperature'
reported by the remote controller is decided to be abnormal (e.g. the remote
controller is exposed to direct sunlight or to the air discharged from the air
conditioner) or if no periodic reports are received from the remote controller (e.g
. the transmitting section of the remote controller is in a shade or the remote
controlier is in a drawer or the like), the temperature detected by the thermistor
TH2 is adopted as the room temperature. |

Fig. 3 is an electric circuit diagram illustrating an essential section of

t he

e defrostinged.

the controller of the outdoor unit 1. In the diagram, the terminals of connector .

4B and 4C are connected to the corresponding termin_als'of the connector 4A,
matching like terminal numbers, of the controller of the indoor hnit 2 shown in
Fig. 2. “

An operating signal for the compressor 12 is applied to the terminal

- No. 2 of the connector 4B; the signal is at the low-level voltage; but it switches
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these outdoor and indoor units are connected t hrough refrigerant pipi'ng and
signal conductors for transmtting commands fromthe indoor units.
Mount ed on the outdoor unit 1 are a comon out door side heat exchanger (a
heat source side heat exchanger) 10, an outdoor fan 11 which is conposed of
a notor and a propeller fan to expedite the heat exchange between the
out si de aito thecighdeval tviitage svhibn thesatompodssog stods), Acswitching signal far thed
12', four-way valves 13 and 13" for switching the circulating direction of
a refri gerfant-wayheaike Vi eppligd 4mdhd 4erniinal Negud;athiensighaleiscatr thel lawi-legel
direction of the refrigerant, capillary tubes (expansion devices) 15A and
15B, straivuoltagel@dring thé' Heatgp opechtibdl, Bor rakftheghighdeveli peltagen deringntheport s
17A, 17" A, 17B and 1 7'B, accunulators 18 and 18, mufflers 19A, 19'A 198
and 19' B, couolingroperatiatnoThei aferating isigriad fomtinecfannapplidaetodtheectesmingl INd er .

4 is not used. The line voltage (+Vcc) is applied to the terminal No. 1.

A solenoid SV switches the state of the four-way valve; when it is
energized, the state of the four-way valve 13 is switched from the one
indicated by the solid line to the one indicated by the dashed line as shown in
Fig. 1. Hence, the refrigerating cycle shown in Fig. 1 is set to the heating
operation mode when the solenoid SV is energized, while it is set to the
cooling operation mode when the solenoid SV is de-energized.

When the terminal No. 3 of the connector 4B is switched to the
low-level voltage, a normally open armature a3 of an aUxiliary relay R3 is
closed, causing a solenoid SV1 to be energized through the normally open
armature a3; providing an OR gate OR1 in this signal path holds the solenoid at
the high-level voltage to maintain the cooling operation at all times regardless of
the signal voltage level at the terminal No. 3 as long as the output from a
defrosting controller 9, which will be described later, stays at the high-voltage
level.

When the terminal No. 2 of the connector 4B is switched to the
low-level voltage, a normally open armature ab of an auxiliary relay RS is
closed and a motor CM1 of the compressor 12 is energized through the
normally open armature a$; providing an OR gate OR2 and an AND. gate AND1
in this signal path corrects the operating signal for th'e motor CM1 of the
compressor 12.

The signals from the terminal No. 2, the AND gate AND1 and the

defrosting controller 9, respectively, are applied to the OR gate OR2. The
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-6- The outdoor unit 1 does not have such neans as a

m croconputer; carries out sinple OV COFF operation control.

Mount ed on .the indoor unit 2 are an indoor side heat exchanger (user side
heat exchanger) 20, an indoor fan 21 conposed of a fan notor 22 and a
cross flow fan which is driven by the fan notor and returns the air, which

‘has ‘been hgsicrEMI sfapbasdriprebbsr 120 beldars Hattategardiéss ot the2fignabatkthent o a
room refrigerant pipe connecting ports 23A and 23B, .and an i ndoor side

control | erterptipiaf INoV 121 white dhec Higheldvelaiveltage signal is bbimgnreckived tffom i atdoor
unit 3 are an indoor side heat exchanger (user
least the AND gate AND1 or the defrosting controller 9.

The output of the AND gate AND1 is at the high-le\}el voltage when
the terminal No. 3 of the connector 4B is at the high-level voltage, while the
terminal No. 3 of the connector 4C is. at the low-level voltage. Hence, the
motor CM1 of the compressor 12 is not operated when one indoor unit is
operating the cooling mode, while the other indoor unit is operating in the
heating mode.

The supply of current to a fan motor FM is controlled via a normally
open armature ai of an auxiliary relay R7 and a selectbr armature a8 of an
‘auxiliary relay R8. The auxiliary relay R7 is energized when at least the
auxiliary relay R5 or R6 is energized, whereas the auxiliary relay R8 is
energized when both auxiliary relays R5 and R6 are energized at the same
time.

Accordingly, the fan motor FM is operated at low speed when at
least one of the two compressors 12 and 12' is operating, whereas it is
operéted at high speed when both compressors 12 and 12’ are operating.

The same configuration described above applies to the gate circuit
connected to the connector 4C; therefore, the description thereof will be omitted
. In the outdoor unit 1 thu_s configured, when both terminals CM and SV of the
defrosting controller 9 are at the low-level voltage, the solenoids SV1 and SV2
of the four-way valves 13 and 13, respectively, are controll_éd by ihe outputs
from the terminals No. 3 of the respective connectors 4B and 4C Thus, the
cooling operation mode and the heating operation are set. |

If the outputs of both terminals No. 3 of the (:o_nnectors 4B and 4C

are the same, thatis, if they are both set for the cool_in.g operationm_od%
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si.de heat exchanger) 30, an indoor fan 31 conposed of a fan notor 32 and a
cross flow fan which is driven by the fan notor and returns the air, which
has been heated or cool ed by the indoor side heat exchanger 30, back into
a room refrigerant pipe connecting ports 33A and 33B, and an i ndoor side
controller which will be discussed |ater. The outdoor unit 1

the i ndOthe'éﬂbg dperdfint Rdde)0PRh tHY treSpetitvg AND §AteS ANBDICEAROAND2 units

descri bed abo constitute a two-systemrefrigerating cycle by connecting

the hort Mool 08 DoMdee Rutpidd, herdterd, e Aotirbsédts 190idd I are

respectively a refrigerant pipe having a dianmeter of 9.52 nm an by

ComeEs! T ON o CReAvespande, B2l oy g aspanue
Fig. 1. indoor units 2 and 3 according to the outputs from the terminals No. 2 of the
connectors 4B and 4C.

If the terminal No. 3 of the connector 4B is at the low-level voltage,
while the terminal No. 3 of the connector 4C is at the high-level voltage, that
is, if the indoor unit 2 is in the heating operation mode, while the indoor unit 3

is in the cooling operation mode, then the AND gate AND2 of the indoor unit
in the cooling operation mode issues the high-level voltage; therefore, the OR
gate OR4 holds the motor CM1 of the compressor 12. As a result, the heating
operation mode is given priority and the indoor unit 3 in the cooling operation
mode'merely blows air. .

Continued heating operation when the outside temperature is low
causes the outdoor side heat exchanger 10 to be frosted. The defrosting
controller 9 has the temperature sensor TH1 for detecting the temperature of
the outside air and the temperature sensor TH2 for detecting the temperature of
the outdoor side heat exchanger 10 so as to detect the frosting of the outdoor
side heat exchanger 10 and judge the end of the defrosting operation.

Firstly, the defrosting controller. 9 determines that the outdoor side
heat exchanger 10 has been frosted when the temperature of the outside air is
a predetermined level or lower, e.g. about +5 degrees Celsius at which
frosting is judged to occur, and when the gradient of the temperature drop of
the outdoor side heat exchanger 10 is a predetermined value or more, the
predetermined value being established according to the operating capacity of
the compressor or the capacity of the outdoor side heat exchenger, that is,

when the defrosting controller 9 decides that the outdoor side heat exchanger 1

—_—

\
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The cooling operation and the heating operation.via the foregoing
refrigerant circulating path will now be described in conjunction with the
outdoor wunit 1 and the indoor unit 2. The relationship between the outdoor
unit 1 and the indoor unit 3 is the sane, and the description thereof wll
be om tted. Wien the four-way valve 13 is in the state shown in
Fig. 1, tlgejs redridigieprnsufl r danctionimg t be deepeeaponatcr? As r aul simeteri n
the direction indicated by solid-line arrows (cooling operation node).

-7- alterrfitivey , theheefrdstioly tenmtrutientQinmeay stagh thepdefrostimg opesatiomswhen

refrigerant
the temperature of the outdoor side heat exchanger 10 has dropped down to -9
degrees Celsius or lower and terminates the defrosting operation when it has
risen back to +12 degrees Celsius or higher.

Referring now to Fig. 4, the timing for the detection of frosting and
the timing for the defrosting operation will be described.

When the frosting is detected from the .temperatures detected by
temperature sensors TH3 and TH4, the voltage at the terminal CM of the
defrosting controller 9 is first switched to the high level to stop the motors CM1
arnd CM2 of the compressors 12 and 12, and the fan motor FM.

Then, after a predetermined period of time, about three minutes,
“elapses until the high and low pressures in the respective refrigerating cycles
are balanced, the terminal SV is switched to the high-level voltage to set the
two four-way valves 13 and 13’ for the cooling operation mode (the reverse
cycle defrosting is performed in this embodiment). In a few seconds, the
terminal CM is switched to the low-level voltage to restart the operation of the
motors of the compressors and the fan motor FM (the compressor with the
terminal No. 2 at the low-level voltage is restérted). |

This causes the outdoor side heat exchanger 10 to work as the
condenser, and the outdoor S|de heat exchanger 10 is defrosted using the heat
of condensation of the refrigerant discharged from the compressors 12 and 12'.

The defrosting operation is terminated when the temperature of trre outdoor
side heat exchanger 10 reaches the predetermined temperature, e.g. about +
12 degrees Celsrus, or above. When it is determined that the defrosting
operation has been termmated the terminal CM of the defrostlng controller 9 is

switched to the high-level voltage to stop the compressors.
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di.scharged fromthe conpressor 12 passes through the muffler 19B and the
four-way valve 13 in order and reaches the outdoor side heat exchanger 10.
Then, the outdoor side fan 11 blows air into the outdoor side heat
exchanger 10 to cool the refrigerant so as to condense and liquefy it in
the outdoor side heat exchanger 10. The refrigerant then passes

t hrough the checkAftet e klapsedof tie psédetermeinedcpericef of ¢éime reduirsdefort the
capillary tube 15A. At this tinme, the refrigerant is squeezed by the

o 1 e e e e
port 23B kpiRes the dutpalBPthe derintinah8Vi ofitiey defrdstirie zbntrsiérad switches to
the low-level voltage to reset the states of the four-way valves 13 and 13'. In a
few more seconds, the terminal CM is switched back to the low-level voltage to
render the outputs of the respective terminals No. 2 effective.

In the indoor units 2 and 3, as the compressors 12 and 12’ are
operated, the temperatures of the indoor side heat exchangers 20 and 30 rise
to enable the heating operation, however, for a while after the heating
operation is initiated, the temperatures are not high enough, so that cold air is
blown out of the indoor fans 21 and 31 against a user request for heating.

Tb prevent such an undesirable situation, the heating operation start
signal which turns the compressor ON is used as the signal for starting the cold
air blow prevention. This signal causes the microcomputérs MC of the indoor
units 2 and 3 to start the operation for preventing the cold air blow and
accordingly, the indoor fans 21 and 31 are forcibly set to "very low" or brought
to a halt to prevent cold air from being let out. This prevention of cold air blow
is continued until the indoor' side heat exchangers 20 and 30 reach a
predetermined temperature, about +35 degrees Celsius which is sufficiently
high for the heating operation. Once the predetermined temperature, about +3
5 degrees Celsius, is reached, the operation for preventing the cold air blow is
terminated, and the indoor fans are set back to a preset air blow_.'

_ As was stated previously, when the butdbor side heat exchanger 10

is frosted, the efﬁcienéy of the heat exchange beMeen_the oi:Jtdoor side heat
exchanger 10 and the outside air is decreased, causing the temperatures of
the indoor side heat exchangers 20 and 30 to decrease. When the defrosting

control is initiated by the defrosting controller 9 of the outdoor unit 1 as
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The i ndoor side heat exchanger 20 extends the piping passage through which
the refrigerant circul ates; therefore, the pressure in the indoor side
heat exchanger 20 becones | ow, causing the high-pressure refrigerant to
evaporate and gasify. The heat of vaporization at that tinme |owers the
tenperature of the indoor side heat exchanger 20 and the cross flow fan 21

bl ows ai r ngafitionebdluabavag! thegceolinepopératidnampde ds engaiged canditemperatures of
The evaporated refrigerant passes through the port 23A the port 17A the

nuf fl er 194e irtftidrisite heat exehangelrs 20 khdaddl areatdessasede accunul ator 18.
The accunul ator 18 separates the refrigerant which has not gasified in the

indoor side heat ewreangRr midtocomputeri MO of tes indvar anit 2 fdetettgasirdmettie
refrigerant i.e. gaseous refrigerant, and it supplies only the gaseous

ref ri ger aghahget i€ the aenipeeatares],2 thaththec eemperataresl of rtheoindoes sside t heat

gaseous refrigerant to :
exchangers 20 and 30 have dropped down to a first preset value, -10 degrees
Celsius, or below, it judges that the outdoor unit 1 has begun the defrosting
control. The indoor units 2 and 3 start the prevention of cold air blow, stop the
indoor fans 21 and 31, and display to that effect.

When the heating operation is resumed after the completion of the
defrosting operation, the microcomputer MC ‘sets the indoor fans 21 and 31 to
"very slow" or keep them at a halt for a while, then it clears the cold air blow
prevention mode and sets the indoor fans back to the present air blow as soon
as the temperatures of the indoor side heat exchangers 20 and 30 reach the
foregoing predetermined temperature, about +35 degrees Celsius.

Thus, according to the present invention, in a two-compressor,
multiple-typé air conditioner which is not provided with a signal conductor for
transmitting the information on the state of an outdoor unit to an indoor unit,
even if a latest microprocessor-controlled indoor unit is combined with an
outdoor unit which has only a simple function for merely turning ON/OFF a
motor that drives a compressor, the control can be carried out independently in
the outdoor unit and the operation of the outdoor unit can be detected and
determined from the indoor unit side so as to enable proper action to be taken.

Moreover, the detection of frosting and the defrosting'control can be
independently performed in the outdoor unit during thé reverse cycle heating
operation. In addition, even when the heating operation, or the detection of
frosting and the defrosting control is carried out independently in_ the outdoor

unit during the reverse cycle heating, such an operatibn pérformed in the
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circulate it through the refrigerating cycle. Thus, in the
cooling operation node, the refrigerant discharged fromthe conpressor 12
condenses in the outdoor side heat exchanger 10 and evaporates in
t he i ndoor side heat exchanger 20 to exhaust the heat fromthe
air-conditioned roomto the outside, thereby enabling the air-conditioned
room to lpatdowel @it can be detec_teblnandedéteanhag foorer the imdoardanit tside foyua- way
valve 13 is switched as indicated by dotted-line arrows shown in Fig. 1,
and the rehahgeriarthediesderagrel of the indoor side heat exchanger, thus permitting

proper cold air blow prevention control to be conducted.

\
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“fromthe conpressor 12 circulates in the direction indicated by the
dashed-line arrows in Fig. 1. First, the high-tenperature,

hi gh-pressure gaseous refrigerant discharged fromthe conpressor 12 goes
through the nuffler 19B, the four-way valve 13, the nuffler 19A, the port
17A, and the port 23A in order and reaches the indoor side heat exchanger

20. T LAIMEDF(ss flow fan 21 blows air into the indoor side
heat exc hv‘g‘Hné'er@%—m‘W‘{—t he i ndoor side heat exchanger 20 which has been
heated by the tenperature of the refrigerant, and the refrigerant
circulating inside condenses and |iquefies. In other words, the cross flow

fan 21 bl ows the qmg{t gd&a.r %@ﬁeft ﬁeP'WH@iiEoﬁétﬁU@%Qé*rref?i@eratﬁigccydl@%ybeen

heated, so as to room ( oor be air-conditioned
a common outdoor side heat exchanger, a single outdoor unit equipped with

compressors, four-way valves, and expansion devices respectively
corresponding to a plurality of indoor units, a plurality of indoor onits which
having an indoor side heat exchanger, and a control system for said
multiple-type air conditioner, which control system comprising;

controller for independently controlling the defrost operation of said
outdoor unit, said controller is provided in said outdoor unit, and_rneans for
enabling an indoor unit to determine said defrost operation of said outdoor unit
according to the state of an indoor side heat exchanger and to control the |

operation for said defrost operation of said outdoor unit.

2. Multiple-type air conditioner which constitutes a refrigerating cycle by
a common outdoor side heat exchanger, a single outdoor unit equipped with
compressors, four-way valves, and expansion devices respecti\rely
corresponding to a plurality of indoor units, a plurality of indoor units which
having an indoor side heat exchanger, and a. control system for said
multiple-type air conditioner, which control system comprising;

controller for independently controlling the defrost operation of said
outdoor unit, said controller is provided in said outdoor unit, and indoor side
controller for outputting an ON or OFF signal for a compressor, an ON or OFF
signal for an outdoor fan arranged to an outdoor side heat exchanger, and a
cooling operation/neating operation signal for switching said four-way valve,
decreasing the air volume of an indoor fan arranged to. said indoor side heat

exchanger when a temperature'of said indoor side heat exchanger has dropped

A i
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The li-quefied refrigerant then goes through the port 23B, the port 17B

and the strainer 16B to reach the capillary tube 15A and the capillary tube
15B At this tinme, the refrigerant is squeezed by the capillary tube 1 5A;
therefore, it has a |ow tenperature and a high pressure. The check val ve
14 prevents the refrigerant fromcirculating through the strainer 1 6A
Then, the Jofd (D8 et pesct WaRld BF Idvier WAIIS Whé MRiatiAG Bpeiaiin SiPRRAOBEING O
The out door srl{ddeJ heat pexchang,er 10 extends the pi plgﬁlbgb passagPeg(hthroughé

whi ch the ik &fdd 45" Ritdsar ahiRSand 186 SORN Sigrial! FoP SBRE bfpresddiCisOBERROT
si de heat 8 exc g‘ﬁger 10 %ecorress? ow, causli ng the hi gh-presﬂsure refrig‘g(r)ant

to evapor "i%}%ed?”gn@a%ﬁd}hg fhe 'geveritiofP of ‘381 @i HRW t6 Fet the ei€asid a0

expedite t
volume back to a preset air volume when said temperature of said indoor side
. heat exchanger has risen back to a temperature which is sufficient for heating

operation.

ABSTRACT OF THE DISCLOSURE -

An inexpensive control system for a multiple-type air conditioner makes
it possible to automatically and independently detect ffosting and conduct
defrosting contol in an outdoor unit during a reverse cycle heating operation in a
two-compressor, multiple-type air conditioner which has an outdoor unit
equipped only with a simple ON/OFF control function and which is not provided
with a signal conductor for transmitting -the information on the state of an
outdoor unit to an indoor unit. In this case, the operation of the outdoor unit
can be determined, monitored, and controlled from the indoor unit side 56 as
to enable proper action to be taken. The control system is provided with means
for independently controlling the operation of the outdoor unit and means for
determining the operation of the outdoor unit from the indoor unit side according
to the state of an indoor side heat exchanger and for cbntrolling the operation of
the air conditioner. | |

I
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evaporati

exchanger
gaseous r

on of the refrigerant. The evaporated refrigerant is
‘guided to the accunulator 18 via the four-way valve 13. The accunul at or
separates the refrigerant which has not

10, i.e. liquid refrigerant, from gasified refrigerant, i.e.

efrigerant, and it supplies only the gaseous refrigerant to the
CONpr eSS OkowA: tolAFirSIOPTYseE Yaluelsr loWeE? WAIRS ﬁﬁeS heéfing %éﬁ-ﬁteﬁ §I§If1é|| igeily tO

circulate it through the refrigerating cycle. S, in the

heat i ng O%EéH'WsEW%utddtﬁ arsit rdr%t@bﬂlﬁghar &ﬂdsénaoaambt&sepwtfesﬁ@r 12

condenses I n the indoor side heat exchanger 2

issued, and ending the prevention of cool air blow to set the decreased air

volume back to a preset air volume when said temperature of said indoor side

heat exchangef has risen back to a temperature which is sufficient for heating

_operation.

ABSTRACT OF THE DISCLOSURE

An inexpensive control system for a'multi'ple-t'ype air conditioner makes
it possible to automatically and independently detect frosting and .conduct
defrosting contol in an outdoor unit during a reverse cycle heating operation in a
two-compressor, multiple-type air. .conditioner 'which has an outdoor unit
equipped only with a simple ON/OFF eontrol function and which is not provided
with a signal conductor for transmitting -.the information on the state of an.
outdoor unit to an indoor unit. In this case, the operation of the outdoor unit
can be determined, monitored, and controlled from the indoor unit side eo as
to enat;le proper action to be taken. The control system is provided with means

for independently controlling the operation of the outdoor unit and means for

18

gasified in the outdoor side heat

' determlmng the operatlon of the outdoor umt from the lndoor unlt Slde accordlng R

.to the state of an indoor side heat exchanger and for controlhng the operatuon of

the air conditioner.
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evapor-ates in the outdoor side heat exchanger 10 to rel ease the outdoor
heat into the air-conditioned room thereby enabling the heating of the
roomto be air-conditioned. In this case, the indoor cooling or
heating tenperature can be mnmmintained at a desired set tenperature by

m croconputer control according to the detection output of a tenperature
sensor di sposed near the indoor fan2l. In the two-conpressor,
mul tiple-type air conditioner, the outdoor side heat exchanger 10 is
shared by the indoor units 2 and 3. For this reason, the indoor units 2
and 3 cannot be operated in different nodes; in other words, there wll be
no situation wherein the indoor unit ifs erdting in the heating node,
while the indoor unit 3 is operating®in?®h®& ¢odling node.

‘:
3 ]
. = COOLING FLOW
--—> HEATING FLOW
| 2
.--:r’_’.c; @ j'—l
| 23A Ar
T t2o
| 22~ |/
! ! 2™ :
I .
MY sB
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The ai'r conditioner is set so that priority is given to the heating
operation, and hence, if one indoor unit is operating in the heating node,
while the other indoor unit is operating in the cooling node, then priority
is given to the heating node, and the conpressor in the cooling node is
held at rest. As a result, the indoor unit sinply blows air

Fig. 2 is an electric circuit diagramshow ng an essential section of the
controller nmounted on the indoor units 2 and 3. The following will describe
t he case wherein the controller is nmounted on the indoor unit 2.

FI1G.2

-
q4A ( MC 5
DC24 (
| = e ol p  [==IDISPLAY/SWITCH UNIT]
§ <{SIGNAL RECEIVER |
7 cM )
SV 6

_\
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A.m croconputer MC, e.g. TM52600 made by IN wth: switches for setting the
basi ¢ node of the air conditioner including a swwtch for selecting anong
power OFF, power ON, and test run, and a switch for displaying the brief
history of a failure for a service staff, an operation display wunit 5 for
di spl ayi ng the cooling operation node, the heating operation node, the
cool air blow prevention, etc.; and a signal receiver 6 as a control
interface which receives a wireless signal froma renote controller
denodul ates it, and sends a control code .to the m croconputer M.

The renote controller is used primarily to: turn OV OFF the air
conditioner, switch anong the heating node, the cooling node, and the fan
nmode; set the roomtenperature; set the air blow of the roomfan 21 to
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medi um |ow, or automatic (H ML/auto); set the tinme on the tinmer to start
or stop the operation; set the discharging direction of conditioned air,
i.e. heated .or cooled air, at a desired angle or for automatic setting;
and detect the room tenperature around the renote control and
automatically send a value indicative of the roomtenperature to the
signal receiver at predetermned intervals, e.g. 2.to 3 mnutes.

The microconputer MC controls the operation of the air conditioner
according to the signals received fromthe renote controller. Wen the
heati ng node has been sel ected anong the cooling node, the heating node,
and the fan node, the m croconputer MC issues to the controller of the
outdoor unit 1 a signal (high-level voltage [err] lLowlevel voltage) for
turning ON the four-way valve 13 via a termnal No. 3 of a connector 4A

it judges the room

END

DEFROSTING DEFROSTING
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tenperature and the set tenperature and supplies a signal

voltage [err] lowlevel voltage) for turning ON or OFF the conpressor

(hi gh-1evel

to the controller of the outdoor unit 1 via a termnal No. 2 of the

12

connector 4A. -11- Further, depending on t!ﬂﬁﬂ ET
refrigerating cycle is in the high |oad=eendition, the fi @E%c_%m%

i ssues a signal (| oWGONTROL SYSIEM[FROR] MULTHPLESWRE WIRIGY %@2
oot Budi’t

ON or OFF the outdoor fan 11 to the controller of the ouytao
No. 4 of the connector 4A A st eppi ng |notor. 7 changes
the angle of an air blow shifting plate to '

t er m nal

4 a

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a control system for a multiple-type air
conditioner which constitutes a refrigerating cycle by a single outdoor unit
equipped with compressors, four-way valves, and expansion devices
respectively corresponding to a plurality of indoor units, and a common outdoor

side heat exchanger; and a plurality of indoor units, each of which having an

o

indoor side heat exchanger.

Description of Related Art

Hitherto, there has _been known a two-compressor, separate-type air
conditioner which is pfovided with a plurality of indoor units for a single outdoor
unit. This type of air conditioner performs cooling and heating by switching the
circulating direction of a refrigerant.

When the outdoor temperature goes down to about +5 degrees
Celsius while the air conditioner is operating in a heating mode which is
commonly known as a "reverse cycle heating" operation mode, the evaporating
temperature of the refrigerant in an outdoor side heat exchanger becomes 0
degree Celsius or lower, causing "frosting” in which the moisture in the air tums
into frost and adheres to the heat exchanger. If the frost is left unremoved, the
frost builds up and eventually paralyzes the ventilation of the outdoor side heat
exchanger. Furthermore, the thermal conductivity of the heat exchanger is
deteriorated, thus disabling it from drawing outdoor heat.

The frosting problem is an inevitable problem with the reverse cycle
heating operation of the air conditioner, and defrosting must be carried out to

prevent the frosting problem.
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mode to a cooling operation mode during the heating operation so as to let a
hot refrigerant gas, which is discharged from a compressor, flow into a froéted
oﬁtdoor side heat exchanger, thereby melting the frost by the heat.

it takes a little time before the temperature is _raised after the air
conditioner starts the heating operation. When the air conditioner carries out
the aforesaid defrosting control, it is placed in the cooling mode. Under such
cbnditions, cold air. would be blown into a rdom to cool the air in the room
against the will of a user therein. To prevent such a situation, the air
conditioner is provided with measures to prevent cold air from being let out.

There should be no substantial inconvenience in the case of a latest
microprocessor-controlled air conditioner which allows the entire operation of the
outdoor unit to be monitored and controlled from the indoor unit side. There is
an inconvenience set forth below, however, in the case of a two-compressor,
multiple-type air conditioner which has a simple-outdoor unit that has no such
means as a microcomputer and conducts merely ON/OFF control and which
has no signal conductor for transmitting the information on the state of the
outdoor unit to the indoor unit, the outdoor unit independently starting the
defrosting operation. In such an air conditioner, there occurs a situation in
which the indoor unit continues normal operation whereas the outdoor unit is
carrying out the defrosting control, resulting in the inconvenience where the
indoor unit blows cold air into the room While the outdoor unit is conducting the
defrosting control.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide an



indoor fan 21; it is equipped with speed regulating terminals based on a
selector <circuit 8 for selection anong high, nmedium | ow, ap E %%ggw
(WML/LL). The supply of current to these speed regul ati ir #s PEEET
controlled by the mcroconputer MC throygh relays R1L and !whl ch have
sel ector armatures. The sel ection betwednd ow and very | oW ([L 'a&d 'hl,) 199¢

perfornmed byegkpensite CortAMEysim for BN HedLEBnPressdr maitipld-typac bir SRinbitaine
SSR2. iheB(B le m croconputer MC contrgﬁs the rel a?s and t he el ectronl C

swi t ches a%ﬂfmhﬂg ahooﬂitaéoﬁ LA @qﬁuﬁpéreebm?d/viﬁ Asihipe CNIDRE

Further, when the air blow has been set for auto, the mcroorrputer

aut omat i cal hyd G dast RS sighdl donaicer fbh%nbﬁmthﬁg rtﬁéﬁﬁﬁ:rm%nbh%ﬁ ST state
terrper ature goes away froma set terrper ature or decreases as the room

t enper at ur eof QABSOGIIBBL UMIC thhe Ritést mlcroprocessor-controlled indoor unit, which

control system enabling the outdoor unit to automatically and independently
detect frosting and carry out defrosting control during a reverse cycle heating
operation, and enabling the operation of the outdoor unit to be determined from
the indoor unit side so as to t_ake proper action as necessary Iand also the
operation of the outdoor un.it to be monitored and controlled from the indoor unit
side just as in the case of a rhicroprocessor-coﬁ’f?ol_led air conditioner.

To this end, according to one aspect of the present invention, there
is provided a control system for a muitiple-type air conditioner, which control
system is equipped with: means for independently controlling the operation of
an outdoor unit; and means for making it possible to determine the operation of
an outdoor unit from an indoor unit side according to the state of an indoor side
heat exchanger to control the operation of the air conditioner; in a separate,
multiple-type air conditioner which constitutes a refrigerating cycle by a common
outdoor side heat exchanger, a single outdoor unit equipped with compressors,

four-way valves, and expansion devices respectively corresponding to a
plurality of indoor units, and a plurality of indoor units, each of which having
an indoor side heat exchanger.

According to another aspect of the present invention, there is
provided a control system for a muitiple-type air conditioner in a separate,
multiple-type air conditioner which constitutes a refrigerating cycle by a common
outdoor side heat exchanger, a single outdoor unit equipped with compressors,

four-way valves, and expansion devices respectively comresponding to a

plurality of indoor units, and a plurality of indoor units, each of which having



REPLACEMENT SHEET ' -12- tenperature.

Wen the conpressor 12 is at halt in the cooling operationfnode—or—the
heating operation node, the air blowis set to low During| thHeideEMENTi SHFET
operation, the cool air blow prevention i,s carried out wheyeinmthe-arbto
is set to very low or brought to a hal H/— THL a gLTITIZS dﬁg\pt@w
t enper at ur ears eimgiows ; sidiell heat aekdimnges: dn  thensfoeedaing t contedle systele Tor™ the
tenperature of the indoor side heat exchanger 20 and TH 2 isS a thermst
instal | ed tmuiliplestypet tair tcomiigiien; earofindber runitn iai reqgsii with: bynearise fooom

fan 21.
preventing cool air blow which sends an ON or OFF signal for a compressor,

an ON or OFF signal for an outdoor fan added to an outdoor side heat
exchanger, a cooling or heating éignal for switching a four-way valve to an
outdoor unit and which decreases the air volume of an indoor fan added to an
indoor side heat exchanger when the temperature of the indoor side heat
exchanger has dropped down to a first preset value or lower while the heating
signal is being issued to the outdoor unit and the ON signal for the compressor
is being issued; and means for ending the™Cool air prevention to set the
decreased air volume back to a preset air volume when the temperature of the
indoor side heat exchanger has risen back to a temperature which is sufficient
for heatihg operation.

According to the present invention, in a two-compressor,
multiple-type air conditioner which is not provided with a signal conductor for
transmitting the information on the state of an outdoor unit to an indoor unit,
even if a latest microprocessor-controlled indoor unit is combined with an
outdoor unit which has only a simple function for merely tuming ON/OFF a
motor that drives a compressor, the control can be carried out independently in
the outdoor unit and the operation of the outdoor -unit can be detected and
determined from the indoor unit side so as to enable proper action to be taken.

Moreover, the detection of frosting and the defrosting control can be
independently performed in the outdoor unit during the reverse cycle h'eaiing
operation. In addition, even when the heating operation, or the detection of
frosting and the defrosting cohtrol is carried out independently in the outdoor
unit during the reverse cycle heating, .such an operation performed in the

outdoor unit can be detected and determined from the indoor unit side by a



The tenperature detected by the therm stor THL is used for detecting the
frosting of the outdoor side heat exchanger in the heating operation node
and for starting the defrosting operation, preventing co¢t—air—blow-t+a-the

heating operation node, and preventing he freezing in {HERSSEMENT SHEET
oper ati on node. The tenperatu etected by th Termr-stor-—FHzy i §

conpar ed W ¢hhrigeein (P TarhPERAIR! Hf the fidodr! Sk tHat HIEPaRgERN NG bammaets | f

the roomtenperature reported by the renmpte controller ['sjdecided to be

abnor mal _(eprogerbaﬂ &if BRIVE prévaintibRdoBiro] fo B&Repadcted. di r et sSTNTTgIT—or—1 0
the air discharged fromthe air <conditioner) or if no periodic reports are¢

recei ved frBE}%#‘BE@@RIP-TlWUF)TFE DRAWINGRe transmtting sectron of th
renote contTollTer 1S In a shade or erenote controller is in a drawer or
the like), the tempgatiufse YK Wadrdm hoWiey Na sholtipld/pes airdeBh&iioasr t he
room t enper at ur e. _ Fig. 3 is an electric circuit diagram

i |1 ustrati ngecdirdinge thé Presertlihashtion;

Fig. 2 is an electric circuit of a controller of an indoor unit;

Fig. 3 is an electric circuit of a controller of an outdoor unit; and

Fig. 4 is a timing chart illustrating the detection of frosting and a
defrosting operation.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, the schematic configuration of a two-compressor
, multiple-type air conditioner to which the present invention is applied will be
described. |

The multiple-type air cbnditioner is constructed by an outdoor unit 1
installed outdoors, and an indoor unit 2 and an indoor unit 3 installed indoors:
these outdoor and indoor units are connected through refrigerant piping and
signal conductors for transmitting commands from the indoor units.

Mounted on the outdoor unit 1 are a common outdoor side heat
exchanger (a heat source side heat exchanger) 10, an outdoor fan 11 which is
composed of a motor and a propeller fan to expedite the heat exchange
between the outside air and the outdoor side heat exchanger 10, compressors
12 and 12', four-way valves 13 and 13’ for switching the circulating direction of
a refrigerant, check valves 14 and 14’ for regulating the circulating direction of
the refrigerant, capillary tubes (expansion devices) 15A and 158, strainers 16A
, 16°A, 16B and 16'B, refrigerant pipe connecting ports 17A, 17T°A, 17B and 1
7'B, accumulators 18 and 18, mufflers [9A, 19°A, 19B and 19'B, and an

outdoor side controller which will be discussed later.



the controller of the outdoor unit 1. In the diagram the term nals of

connect or

connect or 4A,

£

4B and 4C are connected to the correspondi ng teymmats—of—tte

matching |ike ternminal numbers, of the cont{ JRERVACEMENKESHEET

i ndoor unit- 2 showmn in Fig. 2. 6 An operating sigpal—for—the

conpressor 12 is applied to the term na—No. 2 of the conn pcfory Byt

.WE%? |

signal is at the | qwel eutedbor ahitdgdoed ot iHavevsuctheeans as a|microcomputer,; |
-13- to the high-level voltage when the conpressor stops. A C

si gnal for ¢drfles batisinple ORJOEF bperatioroednteal. to the terminal No. 3; the

signal is at the | ow|evel

Mounted on the indoor unit 2 are an indoor side heat exchanger (user
side heat exchanger) 20, an indoor fan 21 composed of a fan motor 22 and a
cross flow fan which is driven by the fan motor and returns the air, which has
been heated or cooled by the indoor side heat exchanger 20, back into a room
, refrigerant pipe connecfing ports 23A and 23B, and an indoor side controller
which will be discussed later.

Mounted on the indoor unit 3 are an indoor side heat exchanger (user
side heat exchanger) 30, an indoor fan 31 comiposed of a fan motor 32 and a
cross ﬂow' fan which is driven by the fan motor and returns the air, which has
been heated or cooled by the indoor side heat exchanger 30, back into a room
, refrigerant pipe connecting ports 33A and 33B, and an indoor side controllef
which will be discussed later.

The outdoor unit 1, the indoor unit 2, and the indoor unit 3 provided
with the component units described above constitute ‘a two-system refrigerating
cycle by connecting the port 17A with the port 23A and the port 17°A with the
port 33A, respectively, by a refrigerant pipe having a diameter of 9.52 mm and
by connecting the port 17B with the port 23B and the port 17'B with the port 338
by a refrigerant pipe having a diameter of 6.35 mm as illustrated in Fig. 1.

The cooling operation and the heating operation via the foregoing
refrigerant circulating path will now be described in conjunction with the outdoor
unit 1 and the indoor unit 2. The relationship between the outdoor unit 1 and
the indoor unit 3 is the same, and the description thereof will be omitted.

When the four-way valve 13 is in the state shown in Fig. 1, the
refrigerant discharged from the compressor 12 circulates in the direction

indicated by solid-line arrows (cooling operation mode).



vol tage during the heating operation, or at the high-IeJe 0 r,|,_
the cooling operation. The operating signal for the fa EE%U#@Q‘EN}%

terminal No. 4 is not used. The line vol tage (+Vcc) is japplTed to the
termnal No. 1. A sol enoid SV switches the statel of & hierf %-
val ve; when it is energized, the stat the four-way jval ve 13 is

swi tehed from the gay, el egte dtaﬁpémréolmghl | frestarel Ngaditus nfafﬁgéraﬁlt by

the dashed |ine as shown In Hence he refrigerfati ng cycl € shown

N Fig. 1idiseirged frifh ﬂ?@tdoﬁﬂ.?]regﬁﬁ'r@ |48 BB UPrligH) the niAleP MTYE aPd e

ener gi zed, IS set t cool i'ng operation node when the sol enoid

SV is de- enﬁ:ﬁﬁWﬁﬁvalYe 13 in ordeMEfl& rb8&hdsthd &ﬁbo&psnda Kat exensRgeteny or 4B

is switched to the ow | evel tage, a nornally open armature a3 of an

auxiliary relay R3Tien,CiHes BdiddorUide'FaR ﬂobﬁﬂﬁ’é GirSinto (tRebEUBIBEF Sidee Aeat
t hrough the normally open

exchanger 10 to cool the refrigerant so as to condense and liquefy it in the

outdoor side heat exchanger 10.
The refrigerant then passes through the check valve 14 and the
strainer 16A before it reaches the capillary tube 15A. At this time, the

refrigerant is squeezed by the capillary tube 15A, so that it has a low

-

temperature and a high pressure.

Then, the refrigerant goes through the strainer 16B, the port 17B,
and the port 23B before it is supplied to the indoor side heat exchanger 20.

The indoor side heat exchanger 20 extends the piping passage
through which the refrigerant circulates; therefore, the pressure in the indoor
side heat exchanger 20 becomes low, causing the high-pressure refrigerant to
evaporate and gasify. The heat of vaporization at that time lowers the
temperature of the indoor side heat exchanger 20 and the cross flow fan 21
blows air out, thus cooling a room (indoor) to be air-conditioned.

The evaporated refrigérant passes through the port 23A, the port 17A
, the muffler 19A, and the four-way valve 13 and reaches the accumulator 18.

The accumulator 18 separates the refrigerant which has not gasified in the
indoor side heat exchanger 20, i.e. liquid refrigerant, from gasified refrigerant
, i.e. gaseous refrigerant, and it supplies only the gaseous refrigerant to the
compressor 12. The compressor 12 recompresses the gaseous refrigerant to
circulate it through the refrigerating cycle. |

Thus, in the cooling operation mode, the refrigerant discharged from

the compressor 12 condenses in the outdoor side heat exchanger 10 and



armature a3; providing an OR gate ORL in this signal path holds the
solenoid at the high-level voltage to maintain the cool e L A
all times regardless of the signal voltage |evel at the} tRAPAABIEND. SHEES
|l ong as the output froma defrosting cogtroller 9, which w-H-—be-deseri~ped
| ater, stays at the high-voltage |evel-—= Wien {he termnaludp. | 2
of the con fatéB inthevintlobe gideohédteexdhamgee 28l tor ekhagst, the ﬁr\éammﬂ?}mqo on
armature a5 of an auxiliary relay RSis closed and a no{ot—&vt—of—the
conpressor gigconditiossdirden to thsltside, tharebyldnablingrther sinconditieSed room
providing an OR gate OR2 and an AND gate AND1 in this stgrat—pattrcorrects
the operatigpestasad. for the notor CML of the conpressor 12.

In the heating operation mode, the four-way valve 13 is switched as
indicated by dotted-line arrows shown in Fig. 1, and the refrigerant discharged
from the compressor 12 circulates in the direction indicated by the dashed-line
arrows in Fig. 1.

First, the high-temperature, high-pressure gaseous refrigerant
discharged from the compressor 12 goes through the muffler 19B, the four-way
valve 13, the muffler 19A, the port 17A, and fKe port 23A in order and reaches
the indoor side heat exchanger 20. |

Then, the cross flow fan 21 blows air into the indoor side heat
exchanger 20 to cool the indoor side heat exchanger 20 which has been heated
by the temperature of the refrigerant, and the refrigerant circulating inside
condenses and liquefies. In other words, the cross flow fan 21 blows the air to
the indoor side heat exchanger 20, which has been heated, so as to heat the
room (indoor) to be air-conditioned.

| The liquefied refrigerant then goes through the port 23B, the port 17B

, and the strainer 16B to reach the capillary tube 15A and the capillary tube 15B

. At this time, the refrigerant is squeezed by the capillary tube 1 5A; therefore,

it has a low temperature and a high pressure. The check valve 14 prevents
the refrigerant from circulating through the strainer 16A.

Then, the refrigerant is supplied to the outdoor side heat exchanger 1
0. The outdoor side heat exchanger 10 extends the piping passage through
which the refrigerant circulates; therefore, the pressure in the outdoor side heat
exchanger 10 becomes low, causing the high-pressure refrigerant to evaporate

and gasify. At this time, the outdoor fan 11 blows air to expedite the



The signals fromthe termnal No. 2, the AND gate ANDl, and the defrosting
controller 9, respectively, are applied to the OR gate OR2. The

-14- motor CML of the conpressor 12 is held at a halt regardless af the
signal at the terminal No. 2 while the gigh-level voltap®epig0aliENS heiong
received fromat |east the AND gate A r the defrostjn sl M o}

i

The out DUL ) t ;s at the high-level voltage,whep,, the, |
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term nal No. of the connector 4B is at the high-I evlel

termnal No. 3 of tThg eeapsraied réfrigbfarittist §Gide@WMd &velacy Evia
notor CML of the conpressor 12 is not opergt ed when one jndoor unit is
four-way valve 13. The accumulator 18 separates the refri

gasified in the outdoor side heat exchanger 10, i.e. liquid refrigerant, from
gasified refrigerant, i.e. gaseous refrigeraht, and it supplies only the gaseous
refrigerant to the compressor 12. The compressor 12 recompresses the
gaseous refrigerant to circulate it through the refrigerating cycle.

Thus, in the heating operation mode, the refrigerant discharged from-
the compressor 12 condenses in the indoor side heat exchanger 20 and
evaporates in the outdoor side heat exchange'r*?10 to release the outdoor heat
into the air-conditioned room, thereby enabling the heating of the room to be
air-conditioned. |

In this case, the indoor cooling or heating temperature can be
maintained at a desired set temperature by microcomputer control according to
the detection output of a temperature sensor disposed near the indoor faﬁZ1 .

In the two-compressor, multiple-type air conditioner, the outdoor side
heat exchanger 10 is shared by the indoor units 2 and 3. For this reason, the
indoor units 2 and 3 cannot be operated in different modes; in other words,
there will be no situation wherein the indoor unit 2 is operating in the heating
mode, while the indoor unit 3 is operating in the cooling mode.

The air conditioner is set so that priority is given to the heating
operation, and hence, if one indoor unit is operating in the heating mode,
while the other indoor unit is operating in the cooling mode, then priority is
given to the heating mode, and the compressor in the cooling mode is held at
rest. As a result, the indoor unit simply blows air. |

Fig. 2 is an electric circuit diagram showing an essential section of

the controller mounted on the indoor units 2 and 3. The following will describe



operating the cooling node, while the other indoor unit is operating in the

heat i ng node. The supply of current to a fan notor g%\(l‘l,@”,_” P
controlled via a nornally open armature a7 of an auxiliar $ "é’ff‘ﬁﬁfﬁii@én@h%ﬁi'f

selector armature a8 of an auxiliary relay R8. The auxili rﬁ reray R7 5™

energi zed when at least the auxiliary £ebay RS or R6 is eherngifzgd}inhggeas

the auxili ahy cpleWh&rRin the EdMtrliet 96 mdipited 8hithaupddorainit 28! ays RS and R6

are energized at the sane tine. Accordingly, the fan notor FMTS
I Sigl 2'

iogeggteregt ?tngl, O%ZP@?W@”&%@?@?@?? mﬂgﬁlﬁggtefggdﬁhﬂ”got h conpressors

12 and 12" @ite QRiESHYES o8 setting the basic mode of the air conditioner including a switch
for selecting among power OFF, power ON, and test run, and a switch for
displaying the brief history of a failure for a service staff, an operation display
unit 5 for displaying the cooling operation mode, the heating operation mode,
the cool air blow prevention, etc.; and a signal receiver 6 as a coniro! interface
which receives a wireless signal from a remote controller, demodulates it, and
sends a control code to the microcomputer MC.

The remote controller is used prirf'i'érily to: fum ON/OFF the air
conditioner; switch among the heating mode, the cooling mode, and the fan
mode; set the room temperature; set the air blow of the room fan 21 to high,
medium, low, or automatic (H/M/L/auto); set the time on the timer to start or
stop the operation; set the discharging direction of conditioned air, i.e. heated
or cooled air, at a desired angle or for automatic setting; and detect the room
temperature around the remote control and automatically send a value indicative
of the room temperature to the signal receiver at predetermined intervals, e.g.

2 to 3 minutes.

The microcomputer MC controls the ‘operation of the air conditioner
according to the signals received from the remote controller. When the heating
mode has béen selected among the cooling mode, the heating mode, and the
fan mode, the microcomputer MC issues to the controller of the outdoor uni@ 1
a signal (high-level voltage ~> low-level voltage) for tuming ON the four-way
valve 13 via a terminal No. 3 of a connector 4A; it judges the room
temperature and the set température and supplies a signal (high-level voltage
<—> low-level voltage) for tuming ON or OFF the cbmpressor 12 to the

controller of the outdoor unit 1 via a terminal No. 2 of the connector 4A.



The same configuration described above applies to the gate circujt
connected to the connector 4C, therefore, the description it degE
omitted In the outdoor unit 1 thus configured, when both ??ﬁﬁﬁ‘?ﬂ{‘gmdﬁfﬁr
SV of the defrosting controller 9 are at_the |owlevel volthge, th@ 5007

sol enoids SV1 and SV2 of the four-way Vatwes 13 and 13', fe péc&ii}- 1y, ar
control l ed by the @uitpels debeAdinghen tviietherlthe Mefrigerating legpcie Bigh- -
connectors 4B and 4C. Thus, the “cooling operation node anfl the heating

operati on abadsédndition, the micrbtompbterUiCUissues D eighal ¢lowi-
connectors 4B and 4C are the same, that is, if they are both set for the

cool i ng opetiighiievel itagey faritrning ON or OFF the outdoor fan 11 to the controller of

D

the outdoor unit 1 via a terminal No. 4 of the connector 4A. ‘

A stepping motor 7 changes the angle of an air blow shifting plate to
change the vertical discharging direction of conditioned air. The speed of the
stepping motor 7 is reduced through a combination of reduction gears. A range
of about 90 degrees is divided into 512 steps, and the stepping motor 7 is run
in the forward or reverse direction by a desired number of steps by the
microcomputer MC via a driver so as to chdnge the angle of the air blow
changing plate as desired.

Hence, when the microcomputer MC switches the revolution of the
stepping motor between the forward and reverse directions at a predetermined
cycle, the discharging directidn of conditioned air can be changed in
succession, and therefore, this function is generally known as "swing."

A single-phase induction motor 22 drives the cross flow fan of the
indoor fan 21; it is equipped with speed régulating terminals based on a sélector
circuit 8 for selection among high, medium, low, and very low (H/M/L/LL).
The supply of current to these speed regulating terminals is controlied by the
microcomputer MC through relays R1 and R2 which have selector armatures.
The selection between low and very low (L and LL) is performed by the
microcomputer MC through electronic switches SSR1 and SSR2.

The microcomputer MC controls the relays and the electronic switches
according to the signals received from the remote controller. Further, when the
air blow has been set for auto, the microcomputer automatically changes the
air blow so that it increases as the room temperature Qoes away from a set

temperature or it decreases as the room temperature comes closer to the set



-15- heating operation node, then the respective AND gates AND1 and AND2
i ssue | owlevel voltage outputs; therefore, the conpressor ,@2% are
turned ON or OFF in response to the outputs received from h%ér MﬁngEET
i ndoor units 2 and 3 according to the out1 uts fromthe ter rrals“No. Z of

the connectors 4B and 4C. | f —'t—ge—t-erm nal No. 3{of t1h’g ¢ohr@g? o

4B is at t elwMéenh tRg ompiessar 10¢s et haltal thbldcookingf
4C is at tﬁrdkﬁég%dﬁvel vol t age, F%Quﬁat is, if the indoor ufit 2 is in't

heat i ng opesrathededtPiCopeiBlibl ridide | REOir bIBW: is3etits 16w, LD

operation node, then the AND gat e 'AND2 of the indoor unit in the cool I'ng

oper ation rgsiaatiss, UQﬁe B8l &ir Blow epfeJ/emrari Bgéhméa th.ﬂfvﬂﬁérenri fhe SRbldRis seR4

hol ds the notor CML of the conpr essor a result, the heating
to very low or brought to a halt.

TH1 and TH2 denote temperature sensors; TH1 is a thermistor
installed to defect the temperature of the indoor side heat exchanger 20 and TH
2 is a thermistor installed to detect the temperature of the room air sucked in by
the room fan 21.

The temperature dete_cted by the thermistor TH1 is used'for detecting
the frosting of the outdoor side heat exchange”r'rin the heating operation mode
and for starting the defrosting operation, preventing cool air biow in the heating
operation mode, and preventing the freezing in the cooling operation mode.

The temperature detected by the thermistor TH2 is compared with the
room temperature sent from the remote controller and if the room temperature
reported by the remote controller is decided to be abnormal (e.g. the remote
controller is exposed to direct sunlight or to the air discharged from the air
conditioner) or if no periodic reports are received from the remote controller (e.g
. the transmitting section of the remote controller is in a shade or the remote -
controller is in a drawer or the like), the temperature detected by the thermistor
TH2 is adopted as the room temperature.

Fig. 3 is an electric circuit diagram iilustrating an essential section of
the controlier of the outdoor unit 1. In the diagram, the terminals of connector
4B and 4C are connected to the corresponding terminals 6f the connector 4A,
matching like terminal numbers, of the controlier of the indoor unit 2 shown in
Fig. 2.

An operating signal for the compressor 12 is applied to the terminal

No. 2 of the connector 4B; the signal is at the low-level voltage, but it switches



operation node is given priority and the indoor unit 3 in the cooling

operation node nerely blows air. : Conti nued hgatTm ]

when the outside tenperature is |ow causes the outdoor sﬁa%!-gﬂ{%ﬁr@l §ﬁaﬁ_be

10 to be frosted. The defrosting controller 9 has the tie rat ure sensqr

TH1 for detecting the tenperature of tid3sut side air and hqe@telrmel‘%?ure
gl

sensor TH2 {pthedRighcibivelovdiizRiel WABA thé Wobnprbssdhstops! o ewi
exchanger 10 so as to detect the frosting of the outdoor

exchanger lfyurvay vawe 1Bhig spphedftotthe téamires INdJ 30k 8ig ]
Firstly, the defrosting controller 9 determ nes that the outdoor S|de heat

exchanger 1Qoifdfe mﬁﬁgf&@shedtm@&fpéraﬁoﬁ epestatny high-levied \magedmrmg the a
predeterm ned level or lower, e.g. about +5 degrees Celsius at which

cooling operation. The operatlng signal for the fan applied to the terminal No.

=

4 is not used. The line voltage (+Vcc) is applied to the terminal No. 1.

A solenoid SV switches the state of the four-way valve; when it is
energized, the state of the four-way valve 13 is switched from the one
indicated by the solid line to the one ‘Iindicated by the dashed line as shown in
Fig. 1. Hence, the refrigerating cycle shown in Fig. 1 is set to the heating
operation mode when the solenoid SV is energized, while it is set to the
cooling operation mode when the solenoid SV is de-energized.

When the terminal No. 3 of the connector 4B is switched to the
low-level voltage, a normally open armature a3 of an auxiliary relay R3 is
closed, causing a solenoid .SV1 to be energized through the normally open
armature a3; providing an OR gate OR1 in this signal path holds the solenoid at
the high-level voltage to maintain the cooling operation at all times regardless of
the signal voitage level at the terminal No. 3 as long as the output from a
defrosting controller 9, which will be described later, stays at the high-voltage
level.

When the terminal No. 2 of the connector 4B is switched to the
low-level voltage, a normally open armature ab of an auxiliary relay RS is
closed and a motor CM1 of the compressor 12 .is energized through the
normally open armature aS; providing an OR gate OR2 and an AND gate AND1

in this signal path corrects the operating signal for the motor CM1 of the
compressor 12.

The signals from the terminal No. 2, the AND gate AND1, and the

defrosting controller 9, respectively, are applied to the OR gate OR2. The



frosting is judged to occur,

of the outdoor side heat exchanger 10 is a predeterm ned value .orAe+e
the predeternined val ue being established according t REFLgUﬁMRMH BﬂFET
capacity of the conpressor or the capaci of the outddor_sid hea%~——~
exchanger,

out door si dﬁomé(IMﬂéxdfhnégfdmﬁressor 12 is held at a halt regardiefs p
-16- 0 is no longer sufficiently functioning as the ev

altegnimal ING. 2t Whiléetheohighdgvelonbltage esigifalnisy be
operation when the tenperature of the outdoor side hea
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that is, when the defrosting—e&ntroller 9dC|1 é’gﬁ
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The output of the AND gate AND1 is at the high-level voltage when
the terminal No. 3 of the connector 4B is at the h.ig_h-level voltage, while the
términal No. 3 of the connector 4C is at the low-level voltage. Hence, the
motor CM1 of the compressor 12 is not operated when one indoor unit is
operating the cooling mode, while the other indoor unit is operating in the
heating mode.

The supply of current to a fan motor FM is controlled via a normally
open armature a7 of an auxiliary relay R7 and a selector armature a8 of an
auxiliary relay R8. The auxiliary relay R7 is energized when at least the
auxiliary relay RS or R6 is energized, whereas the auxiliary relay RS is
energized when both auxiliary relays R5 and R6 are energized at the same
time.

Accordingly, the fan motor FM is operated at low speed when at
least one of the two compressors 12 and 12' is operating, whereas it is
operated at high speed when both compressors 12 and 12’ are operating.

The same configuration described above applies to the gate circuit
connected to the connector 4C; therefore, the description thereof will be omitted
. In the outdoor unit 1 thus configured, when both terminals CM and SV of the
defrosting controller 9 are at the low-level voitage, the solenoids SV1 and SV2

of the four-way valves 13 and 13, respectively, are controlled by the outputs
from the terminals No. 3 of the respective connectors 4B and 4C. Thus, the
cooling operation mode and the heating operation are set.

If the outputs of both terminals No. 3 of the connectors 4B and 4C

are the same, thatis, if they are both set for the cooling operation mode or the
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connectors 4B and 4C.

If the terminal No. 3 of the connector 4B is at the low-level voltage,
while the terminal No. 3 of the connector 4C is at the high-level voltage, that
is, if the indoor unit 2 is in the heating operation mode, while the indoor unit 3

is in the cooling operation mode, then the AND gate AND2 of the indoor unit
in the cooling operation mode issues the high:TéveI voltage; therefore, the OR
gate OR4 holds the motor CM1 of the compressor 12. As a result, the heating
operation mode is given priority and the indoor unit 3 in the cooling operation
mode merely biows air.

Continued heating operation when the outside temperature is low

tihe

ive\ay

causes the outdoor side heat exchanger 10 to be frosted. The defrosting

controller 8 has the temperature sensor TH1 for detecting the temperature of
the outside air and the temperature sensor TH2 for detecting the temperature of
the outdoor side heat exchanger 10 so as to detect the frosting of the outdoor
side heat exchanger 10 and judge the end of the defrosting operation.

Firstly, the defrosting controller 9 determines that the outdoor side
heat exchanger 10 has been frosted when the temperature of the outside air is
a predetermined level or Iower; e.g. about +5 degrees Celsius at which
frosting is judged to occur, and when the gradient of the temperature drop of
the outdoor side heat exchanger 10 is a predetermined 'value or more, the
predetermined value being established according to the operating capac.ity of
the compressor or the capacity of the outdoor side heat exchanger, that is,

when the defrosting controller 9 decides that the outdoor side heat exchanger 1
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9 is switched to the high-level voltage to stop the conpressors.

degrees Celsius or lower and terminates the defrosting operation when it has
risen back to +12 degrees Celsius or higher.
Referring now to Fig. 4, the timing for the detection of frosting and
the timing for the defrosting operation will be described.

When the frosting is detected from the temperatures detected by

temperature sensors TH3 and TH4, the voltage at the terminal CM of the -

defrosting controller 9 is first switched to the hig'ﬁ?level to stop the motors CM1
and CM2 of the compressors 12 and 12', and the fan motor FM.

Then, after a predetermined period of time, about three minutes,
elapses until the high and low pressures in the respective refrigerating cycles
are balanced, the terminal SV is switched to fhe high-level voltage to set the
two four-way valves 13 and 13' for the cooling operation mode (the reverse
cycle defrosting is performed in this embodiment). In a few seconds, the
terminal CM is switched to the low-level voltage to restart the operation of the
motors of the compressors and the fan motor FM (the compressor with the
terminal No. 2 at the low-level voltage is restarted).

~ This causes the outdoor side heat exchanger 10 to work as the
condenser, and the outdoor side heat exchanger 10 is defrosted using the heat
~ of condensation of the refrigerant discharged from the compressors 12 and 12
The defrosting operation is terminated when the temperature of the outdoor
side heat exchanger 10 reaches the predetermined temperature, e.g. about +
12 degrees Celsius, or above. When it is determined that the defrosting
operation has been terminated, the terminal CM of the defrosting controller 9 is

switched to the high-level voltage to stop the compressors.
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the low-level voltage to reset the states of the four-way valves 13 and 13'. In a

few more seconds, the terminal CM is switched back to the low-level voltage to
render the outputs of the respective terrﬁinals No. 2 effective.

In the indoor units 2 and 3, as the compressors 12 and 12 are
operated, the temperatures of the indoor side heat exchangefs 20 and 30 rise
to enable the heating operation, however, for a while | after the heating
operation is initiated, the temperatures are nof"ﬁigh enough, so that cold air is
blown out of the indoor fans 21 and 31 against a user request for heating.

To prevent such an undesirable situation, the heating operation start
signal which turns the compressor ON is used as the signal for starting the cold
air blow prevéntion. This signai causes the microcomputers MC of the indoor
units 2 and 3 to start the operation for preventing the cold air blow and
accordingly, the indoor fans 21 and 31 are forcibly set to "very low" or brought
to a halt to prevent cold air from being let out. This prevention of cold air blow
is continued until the indoor side heat exchangers 20 and 30 reach a
predetermined temperature, about +35 degrees Celsius which is sufficiently
high for the heating operation. Once the predetermined temperature, about +3
5 degrees Celsius, is reached, the operation for preventing the cold air blow is
terminated, and the indoor fans are set back to a preset air biow.

As was stated previously, when the outdoor side heat exchanger 10

is frosted, the efficiency of the heat exchange between the outdoor side heat
exchanger 10 and the outside air is decreased, causing the temperatures of
the indoor side heat exchangers 20 and 30 to decrease. Wnhen the defrosting

control is initiated by the defrosting controller 9 of the oﬁtdoor unit 1 as
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frombeing let out. This prevention of cold air blow is continued until
the indoor side heaWhste tengeicrocathputer MC rofdhé indogr aniet2edetects) from the
tenperature, about +35 degrees Celsius which is sufficiently high for the
heati ng opechangenin Gheetemperptirds) dnat tisel temperatures af tieoumdod side heat

exchangers 20 and 30 have dropped down to a first preset value, -10 degrees
Celsius, or below, it judges that the outdoor unit 1 has begun the defrosting
control. The indoor units 2 and 3 start the prevention of cold air blow, stop the
indoor fans 21 and 31, and display to that effect.

When the heating operation is resumed after the completion of the
.defrosting operation, the microcomputer MC s&fs the indoor fans 21 and 31 to
"very slow" or keep them at a halt for a while, then it clears the cold air blow
prevention mode and sets the indoor fans back to the present air blow as soon
as the temperatures of the indoor side heat exchangers 20 and 30 reach thé
foregoing predetermined temperature, about +35 degrees Celsius.

Thus, according to the present invention, in a two-compressor,
multiple-fype air conditioner which is not provided with a signal conductor for
transmitting the information on the state of an outdoor unit to an indoor unit,
even if a latest microprdcessor-controlled indoor unit is combined with an
outdoor unit which has only a simple function for merely turning ON/OFF a
motor that drives a compressor, the control can be carried out independently in
the outdoor unit and the operation of the outdoor unit can be detected and
determined from the indoor unit side so as to enable proper action to be taken.

Moreover, the detection of frosting and the defrosting control can be
independently performed in the outdoor unit during the reverse cycle heating
operation. In addition, even when the heating operation, or the detection of
frosting and the defrosting control is carried out independently in the outdoor

unit during the reverse cycle heating, such an operation performed in the
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compressors, four-way_ valves, and expansion devices respectively
dorresponding to a plurality of indoor units, a plurality of indoor units which
having an indoor side heat exchanger, and a control system for said
multiple-type air conditioner, which control system comprising;

controller for independently controlling the defrost operation of said

- outdoor unit, said controller is provided in said outdoor unit, and means for

enabling an indoor unit to determine said defrost operation of said outdoor unit

- according to the state of an indoor side heat exchanger and to control the

operation for said defrost operation of said outdoor unit.

2. Multiple-type air conditioner which constitutes a refrigerating cycle by
a common outdoor side heat exchanger, a single outdoor unit equipped with
compressors, four-way valves, and expansion devices - respectively
corresponding to a plurality of indoor units, a plurality of indoor units which
having an indoor side heat exchanger, and a control system for said
multiple-type air conditioner, which control system comprising;

controller for independently controlling the defrost operation of said
outdoor unit, said controller is provided in said outdoor unit, and indoor side
controller for outputting an ON or OFF signal for a compressor, an ON or OFF
signal for an outdoor fan arranged to an outdoor side heat exchanger, and a
cooling operation/heating operation signal for switching said four-way valve,
decreasing the air volume of an indoor fan arranged to said indoor side heat

exchanger when a terriperature of said indoor side heat exchanger has dropped

\
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issued, and ending the prevention of cool air blow to set the decreased air

volume back to a preset air volume when said temperature of said indoor side

heat exchanger has risen back to a temperature which is sufficient for heating

operation.
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CONTROL SYSTEM FOR MULTIPLE-TYPE AIR CONDITIONER

ABSTRACT OF THE DISCLOSURE

An inexpensive control system for a multiple-type air conditioner makes
it possible to automatically and independently detect frosting and conduct
defrosting contol in an outdoor unit during a reverse cycle heating operation in a
two-compressor, multiple-type air cohditioner which has an outdoor unit
equipped only with a simple ON/OFF control furction and which is not provided
with a signal conductor for transmitting the information on the state of an
outdoor unit to an indoor unit. in this case, the operation of the outdoor unit
can be determined, monitored, and controlled from the indoor unit side so as
to enable proper action to be taken. The control system is provided with means
for independently controlling the operation of the outdoor unit and means for
determining the operation of the outdoor unit_ from the indoor unit side according

to-the state of an indoor side heat exchanger and for controlling the operation of

the air conditioner.

Fig. 1
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i ndependently controlling the defrost operation of said utdoor unit, said
controller is provided in said outdoor unit, and neans fof
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enabling an indoor unit to determ ne said defrost operation of said outdoor
unit according to the state of an indoor side heat exchang@rpesACEMENT SHEET
control the operation for said defrost operation of said oditdoor. .unit

2. Multiple-type air conditioner which constitutes a refrigégrgtin ﬁxghﬁ ?y
a common out door side heat exchanger, a single outdoor unit ecuibge "\ ﬁ
conpressors, four-way val ves, and expansi on ‘devi ces esdpeciivel 1
corresponding to a plurality of indoor units, a plurality off i ndoor units
whi ch having an indoor side heat exchanger, and a control '
mul tiple-type air conditioner, which control system conprising;

controller for independently controlling the defrost operation of said
outdoor unit, said controller is provided in said outdoor unit, and indoor
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controller for outputting an ON or OFF signal
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| ssued, and ending the prevention of cool air blowto se M@g&{eﬁzzﬁﬁr

vol unme back to a preset air volune when said tenperature|of_sal
side heat exchanger has risen back to a tenperature whifthtis sufficient
for heating operation. 15 wnn o197
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