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The present invention relates to a defrosting control method in the
reverse cycle heating operation mode of a two-unit-type air conditioner.

Description of Related Art

There has conventionally been known a two-unit-type air conditioner
composed of an outdoor unit and an indoor unit. The air conditioner
performs cooling by using refrigerant, while it operates in a heating mode
to heat a room by using a heat pump.

When the outdoor temperature goes down to +5 degrees Celsius while
the air conditioner is operating in the 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 turns 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 heat exchanger, thus disabling the heat ékchanger
from drawing outdoor heat. The frosting problem is an inevitable problem
with, the reverse cycle heating operation of the air conditioner, and
defrdstirig": must be carried out to prevent the frosting problem.

| As one of the defrosting methods in such a case, a reverse cycle
defrostmg method has been employed Accordlng to the reverse cycle
defrostmg method, the" refngeratlng cycle is switched from a heating
operation mode to a cooling operation mode during the heating operating
| mbée so as to let a'_high,_:_!_telnpérature refrigerant gas, which is discharged

from a compressor, flow into a frosted outdoor side heat exchanger, thereby
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Descri,ption of Related Art There has conventionally been known a
tWwo-urit-type air conditioner conposed of an outdoor unit and an indoor
unit. The air conditioner perforns cooling by using refrigerant, while it
operates in a heating node to heat a room by using a heat punp. When
t he outdoor tenperature goes down to +5 degrees Celsius while the air
conditioner is operating in the reverse cycle heating operation node, the

evapor at i ﬂ%]ﬁﬁ%ﬂf@f{éh@@fﬂ{é’lﬁeﬁ@fri gerant in an outdoor side heat
exchanger becorffes 0 degrée Cel sius or |ower, causing frosting in which the

noi sture in thg air conditforiertitas aqecommemlﬁstksestémpemmeamngfvagdﬁmw. | f
the frost is left unrenoved, the frost builds up and eventually paral yzes

the venti tehiperatate elteebdathexedomeasendddirengt enkf tng teheeratate efchanger
from draw ng outdoor heat. The frosting problemis an inevitable problem

with the rensideeaic)s highetitemthepar ednditionkr twil bierplaced dindesrisavy koad,

defrosting nust be carried out to prevent the frosting problem
leading to a problem. For instance, in the reverse cycle heating operation
mode, if the temperature is set to a high level when the room temperature is
aiready high, then the air conditioner would be subject to heavy load. As
the preventive measures for heavy load, an outdoor fan is brought to a halt
and the number of revolutions of an indoor fan is increased at the same
time.

The indoor unit is equipped with a temperature detecting means based
on a microcomputer, whereas the outdoor may be a simple type which
merely turns ON or OFF an induction motor which drives a compressor and
has no such means as a microcomputer. In this simple type, the outdoor
unit is not provided with a function for detecting heavy load or frost.

Thus, when this type of two-unit-type air -conditioner employing the
simple outdoor unit, which does not have a microcomputer or other similar
means and which merely turns ON or OFF the induction motor, performs
the reverse cycle heating operation, frosting cannot be detected through the
outdoor unit. _

When the outdoor fan is stopped and the number of revolutions of the
indoor fan is increased to prevent the heavy load problem, the temperature
gradient of the iﬁdoor side heat exchanger decreases; hitherto, it has not
been able to determine whether such a drop in the temperature gradient is
due to frosting or the corrective action taken against heavy load. - Further,
if both heavy load and frosting have' occurred, then the heavy load has to

be corrected first, then the defrosting is performed thereafter.
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As one of the defrosting nethods in such a case, a reverse cycle defrosting
net hod has been enpl oyed. According to the reverse cycle defrosting

met hod, the refrigerating cycle is switched froma heating operation node
to a coollng operation node during the heating operating node so as to |et
a high tenperature refrigerant gas, which is discharged froma conpressor
flowinto a frosted outdoor side heat exchanger, thereby

This is t BUNMMARYMOR THEGNVENTION

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

defrosting control method for an inexpensive, two-umt-type air conditioner
in which an indoor unit is capable of determining, in a reverse cycle
heating operation, whether a drop .in the temperature gradient of an indoor
side heat exchanger has been caused by the operation for correcting heavy
load or frosting, so that it disables defrosting control for the operation for
correcting heavy load and it begins the defrosting control under a
predetermined condition. |

Specifically, according to the defrosting control method for the air
conditioner in accordance with the present invention, while a heavy load
protecting function is operating, the judgment standard for detecting the
frost on the outdoor sidé heat exchanger is changed and the heavy load
protecting function is given a priority over the defrosting of an outdoor side
heat exchanger during the reverse cycle heating operation of a two-unit-type -
air conditioner wherein: when the temperature of the indoor side heat
exchanger has risen to a predetermined heavy load protecting operatable
temperature during the reverse cycle heating operation, the heavy load |
protecting function is activated to stop the outdoor fan and increase the
number of revolutions of the indoor fan; when the temperature of the
indoor side heat exchanger has dropped to a predetermined release
temperature, the heavy load protecting function is disengaged; and when the
temperature of the indoor side heat exchanger is a predetermined set frost
detecting temperature or below and the temperature gradient of the indoor
side heat exchanger has dropped to a predetermined value or ‘below, the
frosting of the outdoor side heat exchanger is detected and defrosting is

started.
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2, nelting the front by the heat. An air conditioner has a
recomrended set tenperatiure range; if a set tenperature exceeds the
reconmended range or if the tenperature of outside air is high, then the
air conditioner will be placed under heavy |oad, leading to a problem For
instance, in the reverse cycle heating operation node, if the tenperature
Is set to a high I evel when the roomtenperature is already high, then the

ai r condi ti onFurthen) acdordingijte thetprebemtyinvemtibn, Ashilbethprissaant losgl measur es
for heavy |oad, an outdoor fan is brought to a halt and the nunber of
revol ut i opsotetting fundtion isain dperatiorgaheddetection ofathe friose on the outdoor
side heat exchanger due to a drop in the temperature gradient of the indoor
- side heat exchanger is rendered invalid.

Furthermore, according to the present invention, when the heavy load
protecting function is activated, the set temperature of the indoor side heat
exchanger for detecting the frost on the outdoor side heat exchanger is
raised by a predetermined value, and it is determined that frosting has
occurred and the defrosting operation is begun when the air conditfoner has
been performing reverse cycle heating operation for a predetermined total -
period of time or longer, the foregoing set temperature of the indoor side
heat exchanger for detecting the frost of the outdoor heat exchanger has
been raised by the preset value, the outdoor fan has been continuously
stopped for a predetermined time or longer, and the temperature of the
indoor side heat exchanger has come down to the frosting detection
temperature which has been raised as described above, or lower.

Thus, according to the present invention, when the outdoor fan is
stopped by the heavy load protecting function, the indoor unit will not
misjudge that the drop in the temperature gradient of the indoor side heat
exchanger has been caused by frosting when it has actually been caused by
the heavy load protecting function, thus allowing the heating operation to
be continued.

According to the present invention, the defrosting start judgment

- standard at the time of heavy load is changed, and the indoor unit
determines whether a drop in the temperature gradient of the indoor side
heat exchanger is attributable to the heavy load protecting function in

operation or frosting, and it disables the defrosting control when it decides
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The indoor unit is equipped wth a tenperature detecting neans based on a
m croconput er, whereas the outdoor may be a sinple type which nmerely turns
ON or OFF an induction notor which drives a conpressor and has no such
means as a m croconputer. In this sinple type, the outdoor unit is not
provided with a function for detecting heavy |oad or frost. Thus, when
this type of two-unit-type air conditioner enploying the sinple outdoor
uni t, whi thatdthesheay head paotacting: Bimaitasr ivwarking, themi itatartedhe and whi ch
merely turns ON or OFF the induction mptor, perforns the reverse cycle
heating ogléfrastiag contgel whencapredetesmined wonditipndiambeen satisfied: ~ uni t .
When the qutdogr fan is stopped and the nunber of revolutions of the indoor
fan i s i nGRHEEDESCREVEKIN: G HdABDRAWINGD em the tenperature
radi ent of the indoor side heat exchanger decreases; hitherto, it has not
geen able to Eégeﬂrﬁsr@bi@fg{ diagram ofa dwvepunit-type aieepadiioner v adient is
due to frosti nci; or th orrective action taken agai nst heavy | oad. Further,
accordance with the present invention;

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

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

Fig. 4 is a flowchart illustrative of the process for distinguishing |
between heavy load and frosting.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The schematic configuration of a two-unit-type air conditioner to

which the present invention is applied will be described in conjunction with
Fig. 1. |

The air conditioner is constructed .by an outdoor unit 1 installed
outdoors and an indoor unit 2 installed indoors; these two units are
connected through refrigerant piping and a signal conductor.

‘Mounted on the outdoor unit 1 are an outdoor side heat exchanger (a
heat source side heat exchanger) 10, an outdoor side 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, a
compressor 12, a four-way valve 13 for switching the circulating direction
of a refrigerant, a check valve 14 for regulating the circulétin’g direction of
the refrigerant, capillary tubes (expansion devices) 15A, 15B, strainers 16A,
16B, refrigerant pipe connecting ports 17A, 17B, an abcumulator 18,

mufflers 19A, 19B, and an outdoor side controller which will be discussed
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i.f both heavy | oad and frosting have occurred, then the heavy |oad has to
Be corrected first, then the defrosting is performed thereafter. .

3 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the
present invention to provide a '

later.

The outdoor unit 1 does not have such means as a niicrocomputer; it
carries out simple ON/OFF operation control. It is a simple type in which
the outdoor unit 1 does not have a sensor for detecting a state.

Mounted on the indoor unit 2 are an indoor side heat exchanger (use
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 cbnnectfng ports 23A, 23B, and an indoor side
controller which will be discussed later.

The outdoor unit 1 and the indoor unit 2 provided with the component
units described above constitute a single-system refrigerating cycle bf
connecting the port 17A with the port 23A through a refrigerant pipe
having a diameter of 9.52 mm and by connecting the port 17B with the
port 23B through a refrigerant pipe having a diameter of 6.35 mm as
illustrated in Fig. 1.

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).

First, the high temperature, high pressure gaseous reﬁigerant
discharged from the compressor 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 and it condenses and liquefies 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
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defrosting control nethod for an inexpensive, two-unit-type air conditioner
in which an indoor unit is capable of determning, in a reverse cycle
heating operation, whether a drop in the tenperature gradient of an indoor
si de heat exchanger has been caused by the operation for correcting heavy

| oad or frosting, so that it disables defrosting control for the operation
for correctlng heavy | oad and it begins the defrosting control under a

pr edet er migsquesred bKCthe capillaSpeshd 164 | 36 thstcie'litisna 16% fé?ﬁ% piﬁx%séﬁd'g

control net hod for the air conditioner i'n accordance with resent

i nventi ona highl &sbmvyrlh@ﬂdharwfﬁgbtaiﬁ éo&scﬂirﬁﬁghsth@pﬁfﬁhbﬁ%li Nfe

j udgnent standard for detectlng the frost  on the outdoor side

exchanger post $#Byead thedpbite2 3Babeforedtivsepplied 16 thenadodd side Geden 2
priority over t he defrost| ng of an outdoor side heat exchanger during the

reverse cgxthamgert 209 operation of a two-unit-type air conditioner wherein:
when the tenperature of the indoor side heat exchanger has risen to a

pr edet er mi ned Theainddovaside heae exichengere 28t edteads 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 out air, thus cooﬁng 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 the gaseous
refrigerant to the cbmpressor 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
'evaporates in the indoor side heat exchanger 20 to exhaust the heat from
the air-conditioned room to the outside, thereby enabling the air-conditioned
room to be cooled. | _

In the heating operation mode, the.four-way valve 13 is switched as
indicated by dotted-line arrows shown iﬁ 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
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tenperature during the reverse cycle heating operation, the heavy |oad
protecting function is activated to stop the outdoor fan and increase the
nunber of revolutions of the indoor fan; when the tenperature of the indoor
si de heat exchanger has dropped to a predeternined rel ease tenperature, the
heavy | oad protecting function is disengaged; and when the tenperature of
the i ndoor side heat exchanger is a predeterm ned set frost detecting

t enper at l&n@cl?drg@d'ﬁwﬂﬁb chmpresssr ¥ weesahrdughtthe! mulffler 198)thei de heat
exchanger has dropped to a predeterm ned val ue or bel ow, the frosti ng of

tT E?SO:HS dgﬁgrﬁg 2 m %tsxgggg?ﬁfﬂmswﬂ eheqsore iy Aleand thepsort L3A dnt ed.
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 air-conditioned room (indoor). ,

The liquefied refrigerant then goes thfough 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 15A;
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 10..
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 refngerant to
evaporate and gasify. At this time, the outdoor fan 11 blows air to
expedite the evaporation of the refrigerant.

The evaporated refrigerant is guided to the accumulator 18 via the
four-way valve 13. The accumulator 18 separates the refrigerant which has
not gasified in the outdoor side heat exchanger 10, i.é. liquid refrigerant,

.from gasified refrigerant, i.e. gaseous refrigerant, and it supplies only the
gaseous refrigerant to the conipreséor 12. The compressor 12 recompresses
the gaseous refrigerant to circulate it through the refrigerating cycle.

Thus, in the heating opei'ation mode, the refrigerant discharged from
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4 . Further, according to the present invention, while the heavy | oad
protectl ng function is in operation, the detection of the frost on the
out door side heat exchanger due to a drop in the tenperature gradient of
t he i ndoor side heat exchanger is rendered invalid. Furt her nore,
according to the present invention, when the heavy load protecting function
Is activated, the set tenperature of t he i ndoor side heat
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 fan
21. |
As described above, it has been experimentally verified that, in the
heating operation mode, when the operation of a typically designed
refrigerating cycle is started with no front oh the outdoor side heat
exchanger 10, no frost develops in a total of 50 minutes after the operation
was begun, and that, if the outdoor temperature is high and the refrigerating
cycle is subjected to heavy load, then the heavy load state is corrected
when the outdoor fan 11 is held at a halt continuously for about 10
minutes.
The heavy load state which has taken place in the refrigerating cycle is
récognized by a rise in the temperature of the indoor side heat exchanger
20, while the frosting of the outdoor side heat exchanger 10 is recognized
by a drop in the temperature of the indoor side heat exchanger 20. To be
more specific, when the temperature of the indoor side heat exchanger 20
rises to a heavy load protectiing operatable temperature T1, the hedvy load
protecting operation, which will be discussed later, is triggered and it is |
terminated when the temperature comes down to a ldwer temperature T2.
If the temperature of the indoor side heat exchanger 20-is'not higher than a

frosting detection temperature T3 which is lower than T2, and the

temperature gradient (a temperature dropping rate per predetermined time)
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exchanger for detecting the frost on the outdoor side heat exchanger is

rai sed by a predetermined value, and it is determi ned that frosting has
occurred and the defrosting operation is begun when the air conditioner has
been perform ng reverse cycle heating operation for a predeterm ned total
period of tinme or longer, the foregoing set tenperature of the indoor side
heat' exchanger for detecting the frost of the outdoor heat exchanger has

been rai skas byweted dowarto aapredetermined: value omlessathenthe frostingiofithe
stopped for a predeterm ned tine or longer, and the tenperature of the
i ndoor si outdosxtside dieat @xchanger dQeisddetected amé the defrosfingpoperation is
tenperature which has been rai sed as described above, or |ower.- Thus,
accor di ngbegun.he present invention, when the outdoor fan is stopped by the
heavy | oad protecting function, the indoor unit will not msjudge that the
drop in the tTopudgeuhe frostingrndsr a heavydoad eonditionathe sehiemperatuce been
caused by frosting when it has actually been, caused by the heavy | oad
pr ot ect i nfprr thecfrostingt dgtection dgi unﬂatné\{m-mlsmg b3 degsees Celsius (T3
plus 13 degrees Celsius, which is higher than temperature T2), thereby
permitting easier detection of frosting.
Hence, according to the present invention, in order to determine
whether a drop in the temperature gradient of the indoor side heat
exchanger 20 is attributable to frosting or heavy load, the indoor unit is
adapted to decide that it has been caused by frosting rather than heavy
loadif the following four conditions are met: |
(1) The set temperature for frosting detection has been increased by 13
degrees Celsius; |
(2) A total of 50 minutes or more has passed since the heating
operation was started;
(3) The outdoor fan 11 has been at a halt continuously for 10 minutes
or more; and
(4) The temperature of the indoor side heat exchanger 20 has come
down to the set temperature for the frosting detection plus 13 degrees
Celsius or below.
If all the four conditions above are satisfied, then the indoor unit
decides that the drop in the temperature gradient has been caused by
frosting rather than heavy load and it begins defrosting control.
Fig. 2 is a diagram showing an essential section of the electric circuit
of the controller mounted on the indoor unit 2.

A microcomputer 3, e.g. TMS2600 made by INTEL, is provided with:
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be conti nued. According to the present invention, the defrosting start
jﬁdgnent standard at the time of heavy load is changed, and the indoor unit
determ nes whether a drop in the tenperature gradient of the indoor side
heat exchanger is attributable to the heavy | oad protecting function in
operation or frosting, and it disables the defrosting control when it

deci des 5 :

switches for 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 for displaying the cooling operation mode, the heating
operation mode, the cool air prevention, etc.; and an interface for a signal
receiver which receives a wireless signal from a remote controller,
demodulates it, and sends a control code to the microcomputer.

The remote controller is used primarily to: turn 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 by the room fan 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 such as 2 to 3 minutes.

The microcomputer 3 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 3 issues to the controller of the
outdoor unit 1 a signal for turning ON the four—Way valve 13, via a
terminal No. 3 of a connector 4A to switch a high-level voltage to a

| low-level voltage; it judges the room temperature and the set terhperature
and supplies a signal for tumlng ON or OFF the compressor 12 to sw1tch
the lngh-level voltage to the low-level voltage or vice versa to the
controller of the outdoor unit 1 via a terminal No. 2. of the connector 4A.

Further, the microcomputer 3 decides whether the compressor 12 is
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t.hat the heavy |oad protecting function is working, then it starts the
defrosting control when a predeterm ned condition has been satisfied. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. | is a block diagram of a
two-unit-type air conditioner in accordance with the present invention;

Fig. 2 is a diagramshowi ng the electric circuit of the controller of an

I ndoor unit; Fig. 3 i1s a diagramshow ng the electric circuit of the -

controll e(DNJfora(DFFU&H@Qé frigeratingnélycle is ihi the HeaV‘y doad eondition, of tig rative

of the process for distinguishing between heavy I'oad and frosting.

(II))]ICES;ZRL \FAZI ﬁilalntgega‘;ﬁggg %ﬁﬂ"?ﬁer ﬂtvgﬁfr 8efrostinghandditsends @ signfal dor at i on
turning ON or OFF the outdoor fan 11 to switch the high-level voltage to
the low-level voltage or vice versa according to the operating condition of
the refrigerating cycle 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 changing 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 so as to change the angle of the air blow
changing plate as desired.

Hence, when the microcomputer 3 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 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 regulating terminals based on a
selector circuit 6 fdr selection among high, medium, low, and very low
(H/M/L/LL). The supply of current to these terminals is controlled by the
microcomputer 3 through relays R1 and R2 which have selector armatures.
The selection between low and very low (L and LL) is performed by the
microcomputer 3 throﬁgh electronic switches SSR1 and SSR2.

The microcomputer 3 controls the electronic switches according to the

signals received from the remote controller. Further, when the air blow has
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whi ch. the present invention is applied wll be described in conjunction
with Fig. 1. The air conditioner is constructed by an outdoor unit 1
install ed outdoors and an indoor unit 2 installed indoors; these two units
are connected through refrigerant piping and a signal conductor. Munted on
the outdoor unit 1 are an outdoor side heat exchanger (a heat source side
heat exchanger) 10, an outdoor side fan 11 which is conposed of a notor and

a propel llgserf 86t for axtosdhé enidrechHmdutex atitviatieallyehanges thetair dfowi $o and
t he outdoor side heat exchanger 10, a conpressor 12, a four-way val ve 13

for switcfhiapgt icreasdscad die rgomhi femperitucy gaes efwdy fromta set tdmpératate/e 14

for regulating the circulating direction of the refrigerant, capillary
tubes (expeftsdedredsss asthe 166m idbBperiturs sonfeslélbser &P thé gkt tanpenitups.pe

connecting ports 17A, 17B, an accunul ator 18, nufflers 19A, 19B, and an

outdoor sWitercdis cohipressdr tD iviat hdle inlithe wovtihg operation mode or the
heating operation mode, the air blow is set to low and it is set to very .low
during the defrosting operation.

THI1 and TH2 denote temperature sensors; TH1 is a thermistor
installed to detect the temperature of the indoor side heat exchanger 20 and
TH2 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 operatioﬁ
mode and for starting the defrosting operation, preventing cool air in the
heating operation mode, preventing the freezing in the cooling operation
mode, and detecting the heavy load conditiqn in the refrigerating cycle
according to the flowchart which will be described later.

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 adbpted as the room
temperature. |

A level detector circuit 5 functions to transmit an operation signal of

the outdoor fan 11. When the outdoor fan 11 is at a halt, the output of a
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This is the replacenent sheet 6

| ater.
it

The outdoor unit 1 does not have such neans as a m croconputer;

terminal FMO of the microcomputer 3 is high (H) level, +24 V, and a
transistor Trl is OFF, the potential between a diode and a capacitor being
substantially +24 V. |

When the output of the terminal MFO switches to low (L) level
(nearly 0 V), the terminal No. 4 of the connector is connected to the earth
level (0 V) via a resistor and the diode. At this time, the transistor Trl
stays OFF. More detail will be given in the description of the controller of
the outdoor unit 1.

Fig. 3 is a diagram showing the essential section of the electric circuit.
of the controller of the outdoor unit 1. In the circuit diagram, the terminals
of a connector 4B are connected to the corresponding terminals of the
connector 4A, matching like terminal numbers, of the controller of the _
indoor unit 2 shown in Fig. 2.

Current is supplied to a compressor CM when the terminal No. 2 of
the connector 4B is switched to the L level voltage, causing a relay RS to
be energized to close the normally open armature thereof. A single-phase
induction motor is employed to drive the compressor 12 as shown in the
drawing. A fan motor FM is a single-phase induction motor; when the
normally open armature of a relay R3 is closed, single-phase AC power is
supplied to the fan motor FM to run it. '

As shown in the drawing, the relay R3 is energized and the normally

~ open armature thereof is closed when the terminal No. 2 of the connector

4B is at the L-level voltage, that is, when the terminal No. 4 of the

connector 4B is switched to the L-level voltage while the compressor 12 is .

in operation and the transistor Tr2 is turned ON. R RRE
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
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carries out sinple OV OFF operation control. It is a sinple type in which
the outdoor unit | does not have a sensor for detecting a state.

Mount ed on the indoor unit 2 are an indoor side heat exchanger (use 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 heated or cool ed by the indoor side heat exchanger 20, back into a

room ref indivated by e soliddirie f m@rdn% mataaa;y e dasheddie a§isHOwn

controller which will be discussed | ater. He outdoor unit 1 and the

i ndoor unijh Rigorlovidencayi thie Mﬁgemn@epbl@shéﬁmdﬂﬁﬂg bpqs 3epYs thenstitute

a single-system refrlgeratl ng cycle by connecting the port 17A wth the

port 23A thuatlnghoperation srydewlRndthesoliendid SV dswimRigized? witilemt A setby
connecting the port 17B with the port 23B through a refr| gerant pi pe having

T o Sy cperton st hen sl 5V W chueg vy

The solenoid SV is energized when a relay R4 is energized and the
normally open armature thereof. is closed. The relay R4 is energized when
the terminal No. 3 of the connector 4B is switched to the L-level voltage.

A temperature switch Tsw detects the temperature of the outdoor side
heat exchanger 10; it has a predetermined ON/OFF differential and closes
the armature thereof when the temperature of the outdoor side heat
exchanger 10 has reached a predetermined abnormal level (e.g. +12 degrees
Celstus or more). _ | |

When the air conditioner has set to the cooling 6peration mode, that is,
when the terminal No. 3 of the compressor 4B is at the H-level voltage and
no current is being supplied to the solenoid SV for switching the four-way
valve, the outdoor sidé heat exchanger 10 works as é condenser of the
refrigerant. The condensing temperature of the refrigerant is usually +40
degrees Celsius or higher and the temperature of outside air is 12 degrees
Celsius or higher; therefore, the temperature switch Tsw stays closed.

Under such a condition, when the controller of the indoor unit 2 issues
a signal for turning the compressor 12 ON, i.e. a signal for switching the
terminal NO. 2 of the connector 4B to the L-level voltage, the relay RS is | |
energized and the compressor 12 is actuated via the normally open armature |
of the relay RS.

At the same time, the terminal No. 4 of the connector 4B is connected
to the L-level voltage via a resistor rl and a diode D1 of the contro,ller_.qu

the indoor unit 2. At this time, a series circuit of the resistor r1 and the
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refrigerant discharged fromthe conpressor 12 circulates in the direction
i ndi cated by solid-line arrows (cooling operation node). First, the
hi gh tenperature, high pressure gaseous refrigerant discharged 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

refrigeradiode®]1 ts condeotetsimpdrdlie] uef a aeries difenivof dorgsistodedhand a
exchanger 10. The refrigerant then passes through the check valve 14

and the sdiede®?2 164 theftemperatureawi¢sh (fsv.capi | lary tube 15A. At this
time, the refrigerant

Hence, the potential at the terminal No. 4 of the connector is the value
divided by a resistor 12, a resistor r3, and the resistor r4. This potential is
capable of turning the transistor Tr2 ON, so that the relay R3 is energized
to run the fan motor FM. As previously described, the compressor 12 and
the fan motor 11 are actuated according to the result of the comparison
between the room temperature and the set temperature.

At this time, if the refrigerating cycle incurs heavy load, the terminal
FMO of the microcomputer 3 of the indoor unit 2 is switched to the
H-level voltage (+24 V) and the terminal No. 4 of the connector 4B is also
switched to the H-level voltage at the same time; therefore, the transistor
Tr2 is turned OFF, causing the fan motor 11 to stop. This should release
the refrigerating cycle from the heavy load.

If this control fails to solve the heavy load condition of the
refrigerating cycle, then the heavy load causes an increase in the current
flowing into the compressor '12, causing an overcurrent detector (not
shown) built in the compressor 12 to be actuated to stop the compressor 12
thereby to protect the refrigerating cycle.

When the air conditioner is set for the heating operation mode, the
terminal No. 3 of the connector 4B is switched to the L-level voltage and
the relay R4 is energizéd and the solenoid SV for switching the four-way
valve is energized. This causes the state of the four-way valve 13 to
change to the one indicated by the dashed-line arrows shown in Fig. 1, thus
setting the refrigerating cycle for the heating operation mode.. At this time,
-if the room temperature is lower than the set temperature, then the terminal

No. 2 of the connector 4B is switched to the L-level voltage and the relay |
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7. .S squeezed by the capillary tube 15A, so that it has a | ow
tenperature 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
i ndoor side heat exchanger 20. The indoor 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,
causi ng tRSE 15 epergizadsto actuate ithercompressevdgor at e and gasify. The heat of
vaporization at that time lowers the temperature of the i.ndoor side heat
exchanger 20 gﬁdjlprﬁgnm &ane;f thewterminah FMO of the microcomputer 3 of the

controller of the indoor unit 2 is switched to the L-level voltage and the
temperature of the indoor side heat exchanger 20 is increased as the
compressor 12 operates to enable the heating operation; the indoor fan 21 is
forcibly set for low to prevent cool air from being emitted until the indoor
side heat exchanger 20 reaches a predetermined temperature, approximately
+35 degrees Celsius.

It is generally known that continued heating operation when the
temperature of outside air is low causes the outdoor side heat exchanger 10
to be frosted. If the outdoor side heat exchanger 10 is frosted, the
efficiency of heat exchange between the outdoor side heat exchanger 10 and
the outside air is deteriorated, causing the temperature of the indoor side
heat exchanger 20 to go down. From this temperature change, the
microcomputer 3 of the indoor unit 2 recognizes the frosting of the outdoor

- side heat exchanger 10.

As soon as the microcomputer 3 identifies the frosting, it changes the
setting of the four-way valve 13, i.e. de-energizes the four-way valve, to set
the refrigerating cycle for the cooling operation and also sets the outdoor
side heat exchanger 10 so that it works as the condenser, thus melting the
frost on the outdoor side heat exchanger 10 by the heat of condensation of
the refrigerant. At this time, the terminal No. 4 of the connector 4B is
switched to the H-level voltage and the relay R3 is de-energized to stop the
fan motor FM.

The temperature of the outdoor side heat exchanger 10 rises as the
outdoor side heat exchanger 10 wdrks as the condenser, with the outdoor

fan 11 at a halt. The rise in the temperature melts the frost on the outdoor
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bl.ows -out air, 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 accunul ator 18. The
accunul ator 18 separates the refrigerant which has not gasified in the

I ndoor side heat exchanger 20, i.e. liquid refrigerant, fromgasified
refrigerant, i.e. gaseous refrigerant, and it supplies only the gaseous

refriger agidg heahexcleangersio) add wiée the impesatiurd HITthe GRS Sidd heat
e.

gaseous refrigerant to circulate it through the refrigerating cyc

Thus, in ‘exechangtr b0 fuptitertrises untbit fdaehest+ 1D degriesdCelsiag %?%Id)fé:rﬂlbhe

conpressor 12 condenses in the outdoor side heat exchanger 10 an

evapor at etempetataré sudtch Jisde choses. eThieeaases2the fesistorudt and ¢hégbdé r om

the air-conditioned roomto the outside, thereby enabling the
ai r - condi. D2 nede conmectetetoctin tetminal Non 4 lof theadomecoped B had thede, the

four-way valve 13 is swtched as indicated by dotted-line arrows shown in
Fig. 1, apetentsalref theteraminal No. 4 of the connector 4B drops.

The drop in the potehtial in turn causes the transistor Trl of the
controller of the indoor unit 2 to be turned ON. The value of the resistor
is set so that the base voltage of the transistor Trl stays +24 V - 0.7 V (the
voltage in the forward direction of- the PN junction) or less even when the
transistor turns ON. The voltage divided through the resistors is applied to
a terminal DEF of the microcomputer 3.

This voltage is higher than that obtained when the transistor Trl is
OFF; therefore, the microcomputer 3 judges that the armature of the
temperature switch Tsw has been closed when the voltage applied to the
terminal DEF is higher. In other words, the microcomputer 3 determines
that the temperature of the outdoor side heat.exchanger 10 has risen and the

| defrosting has been completed. On completion of the defrosting, the
four-way valve 13 is energized again and the fan motor FM is restarted to
resume the heating operation.

Referring now to the flowchart shown in Fig. 4, the judging procedure
for the defrosting control will be described.

During the heating operation of a step S1, if the heavy load
protectingfunction is actuated in a step S2, then the outdoor fan 11 is
stopped and the rotational speed of the indoor fan 21 is increased.

At the same time, the set temperature for detectin:g.. frost or-for the
defrosting control is raised by +.13 degrees Celsius in a step S3. Then in a

step 54, the heating operation is continued without conducting the

. This Sheet Has Been Replaced

- 18 - |




di scharged fromthe conpressor 12 circulates in the direction indicated by
t he dashed-line arrows in Fig. 1. "~ First, the high-tenperature,

hi gh- pressure gaseous refrigerant

8 di scharged fromthe conpressor 12 goes through the nmuffler 19B, the

defrosting control, ignoring the drop in the temperature gradient of the
indoér side heat exchanger 20. This prevents the defrosting control from
being carried out while the heavy load protecting function is in operation.

In a step S5, the microcomputer 3 determines whether the outdoor fan
11 has continuously been at a halt for 10 minutes; if it decides that the
outdoor fan 11 has not been at a halt for 10 minutes continuously, then it
goes back to the step S4 where it repeatedly continues the heating
operation. o

If the microcomputer 3 determines that the outdoor fan 11 has been at
a halt for 10 minutes with no break, then it further determines in a step S6
whether the coil temperature of the indoor side heat exchanger 20 is the
témperature T1, which is applied during the heavy load protecting '
operation, or lower and the temperature T2, which is applied when the
heavy load protecting operation mode has been cleared, or higher at the
same time.

If the determination result in the step S6 is negative, then the
microcomputer 3 clears the heavy load protecting operatable mode and
restarts the outdoor fan 11 in a step S9, then it goes back to the step S4
wherein it repeatedly continues the heating operation.

If the determination result in the step S6 is affirmative, then the
microcomputer 3 decides in a step S7 whether a total of 50 minutes has
elapsed since the heating operation was started and whether the tempefature
is the set temperature T3 for detecting frost plus 13 degrees Celsius or
lower. If the judgment result in the step S7 is negative, then the
microcomputer 3 repeats the judgment in the step S7 again.

It is assumed that the temperature T1 of the indoor side heat exchanger

20 at which the heavy load protecting mode is triggered is higher than the
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four-way valve 13, the nmuffler 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
si de heat exchanger 20 which has been heated by the tenperature of the
refrigerant, and the refrigerant circul ating inside condenses and

|l iquefies. In other words, the cross flow fan 21 blows the air to the

i ndoor  si demiRpatup q@awni%ga, tﬁdfﬁ%ﬁ@?ﬁb dteetinicemodelisagel éasede ahe see

ai r-condi tioned room (i ndoor). uefied refrigerant then goes

through t 'lémgféi‘étu?@ B3 bfehedhdodr Bideheat Bﬁcﬁﬁﬁ%érnﬂﬂ fop Iﬂdt@ctim%ﬂib tfrost
capillary tube 15A and the capillary tube 15B. At this tinme, the

refrigerargn tife aatdsoresideyhédteexahangenry islwwvébthart tiee ¢émperatute 25 a | ow

tenperature and a high pressure. The check valve 14 prevents the
ref ri ger anind T8nplus' I3Ideigrees Celsiuglistttighet thamthe témperature Tikn, the

refrigerant is supplied to the outdoor side heat exchanger 10. The outdoor
si de heat excHfitherjudgmenteaesalttinethei stepdSpas affiemiativey ghen the '

microcomputer 3 decides in a step S8 that the outdoor side heat exchanger
10 has been frosted and begins the defrosting control. This means that the
defrosting control is started as soon as the conditions described in (1)
through (4) above are satisfied even when the heavy load protecting
function is in operation. |

Thus, according to the present invention, once the heavy load
protecting function is actuated, the defrosting control is disabled. If no
frosting is identified after the heavy load condition has been cleared, then
the defrosting control is not carried out even when, for example, a drop in
the temperature gradient of the indoor side heat exchanger 20 is detected.

Therefore, the present invention makes it possible to. eliminate the
chance of misjudging a drop in the temperature: gradient of the indoor side
heat exchanger, which is caused by the heavy load protecting function in
operation, as a sign of frosting even when the outdoor fan is stopped by the
heavy load protecting function while a two-unit-type air conditioner is
performing reverse cycle heating operation. This enables the heating
operation to be continued.

Furthermore, when a heavy load state occurs, the condition for 'starting
the defrosting control is changed, and the indoor unit decides whether a
drop in the temperature gradient of the indoor side heat exchanger is due to
the heavy load protecting function in operation or frosting. If the indoor

unit determines that the drop in the temperature gradient is attributable to
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which the refrigerant circul ates; therefore, the pressure in the outdoor

si de heat exchanger 10 becones | ow, causing the high-pressure refrigerant
to evaporate and gasify. At this tine, the outdoor fan 11 blows air to
expedite the evaporation of the refrigerant. The evapor at ed
refrigerant is guided to the accunulator 18 via the four-way valve 13. The
accunul ator 18 separates the refrigerant which has not gasified in the

out door stheehdBat It bmefmgooperaﬁonl ltﬂelh dt Peé\velﬁs rthetdeffcsstmgzeéhfrbﬁd

refrigerant, i.é. gaseous refrigerant, and supplies only the gaseous

refriger oftbnt beinpe tiggereds 2ad it%egihs thef’dBfmﬂ‘Ig tontrol avheethes the

gaseous refrigerant to circulate it through the refrigerating cycle.

Thus, in predeteraiined wpdatediconditidas dressatigfiedge ints, hiighlyaefficieht om
defrosting control can be achieved even when using a simple type outdoor
unit which is not provided with a microcomputer or other similar means
and therefor not capable of detecting the heavy load state or frosting, that

is, it merely turns ON/OFF the induction motor for driving the compressor.
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9. t he conpressor 12 condenses in the indoor side heat exchanger 20 and
evaporates in the outdoor side heat exchanger 10 to rel ease—theoutdoor
heat into the air-conditioned room thereby enabling the ating of the
roomto be air-conditioned. In this case, the indoor s dieen Replaced -
heating tenperature can be maintained at a desired set tenp lﬂl

m croconputer control according to the detection output of

sensor di SYPRAT ISA@LAMNNEDASr fan 21.

1. A defrosting control method for an air conditioner, whereby a
judgment standard for detecting frost on an outdoor side heat exchanger is
changed and a heavy load protecting function is given a priority over
defrosting of said outdoor side heat exchanger while the heavy load
protecting function is operaﬁng;

in a two-unit-type air conditioner in which, during a reverse cycle
heating operation, when the temperature of an indoor side heat exchanger
has risen to a predetermined heavy load protecting operatable temperature,
said heavy load protecting function is activated to stop an outdoor fan and
increase the number of revolutions of an indoor fan; when the temperéture
of said indoor side heat exchanger has dropped to a predetermined release
temperature, said heavy load protecting function is disengaged; and when
the temperature of said indoor side heat exchanger is a predetermined set
frost detecting temperature or below and the temperature gradient of said. -
indoor side heat exchanger has dropped to a predetermined value or below,
the frosting of said outdoor side heat exchanger is detected and defrosting

is started.

2. A defrosting control method for an air conditioner according to
Claim 1, wherein, while the heavy load protecting function is in operation,
the detection of frost. on the outdoor side heat exchanger due to a drop in
the temperature gradient of the indoor side heat exchanger is rendered

invalid.

3. A defrosting control method for an air conditioner according to

P AR




As descri bed above, it has been experinentally verified that, in the _
heating operati on node, when the operation of a typically dbis Been Replaced
refrigerating cycle is started with no front on the. outdoor ﬂH“l”“
exchanger 10, no frost develops in a total of 50 minutes aft

operation was begun, and that, if the outdoor tenperature is high and the
refrigerating cycle is subjected to heavy | oad, then the heavy | oad state
i s corr ecChimWewhéreimuivlienr thiedieabdy l@a&gk@te@_ﬁnﬁ figictionofy activeatedy ther
about 10 m nutes. The heavy | oad state which has taken place in the
ref ri ger adatnenmperhture soft groprdotrdcside Ireatiexehangehfot detsotaigutite filost lon

I ndoor side heat exchanger 20, while the frosting of the outdoor side heat
exchangerthkOouttloorsideileat exghangenois raised byt apredaternsned vdlae) adat isi de
heat exchanger 20. To be nore specific, when the tenperature of the indoor
si de heat deterindmerd thatOfrosting has echazed andathepdefrestingroperationtisihegun
tenperature T1l, the heavy | oad protecting operation, which will be

di scussedwhenethe ais condienedhasdeen performing reverse cycle heating

operation for a predetermined. total period.of time or longer, said set
temperature of the indoor side heat exchanger for detecting the frost on the
outdoor heat exchanger has been raised by a preset value, the outdoor fan
has been continuously stopped for a predetermined time or longer, and the
temperature of the indoor side heat exchanger has come down to the
frosting detection temperature, which has been raised as described above, or

lower.

4, A defrosting control method for an air conditioner according to
Claim 3, wherein the predetermined total time of the reverse cycle heating
operation of the air conditioner is 50 minutes or more, the predetermined
value for increasing the set frosting detection temperature is 13- degrees
Celsius, and the predetermined time for which the outdoor fan is

continuously at a halt is 10 minutes or more.

TR
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term nated when the tenperature comes down to a |ower tenperature T2. [f
the tenperature of the indoor side heat exchanger 20 is not higher than a
frosting detection tenperature T3 which is |ower than T2, and the

tenperature gradient (a tenperature dropping rate per predet erm ned tine)
10

ABSTRACT OF THE DISCLOSURE

A defrosting control method wherein an indoor unit determines

whether a drop in the temperature gradient of an indoor side heat exchanger
has been caused by a heavy load protecting operation or frosting during the
reverse cycle heating operation of a two-unit-type air conditioner. The
defrosting control is not triggered when the heavy load protecting opefation
is being carried out, and the defrosting control is started when

predetermined conditions are satisfied.
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has | owered down to a predeterm ned value or -less, then the frosting of the
out door side heat exchanger 10 is detected and the defrosting operation is
begun. To judge the frosting under a heavy | oad condition, the set
tenperature for the frosting detection is updated by raising it 13 degrees
Cel sius (T3 plus 13 degrees Cel sius, which is higher than tenperature T2),
thereby permitting easier detection of frosting. Hence, according to
the present invention, in order to determ ne whether a drop in the
tenperature gradient of the indoor side heat exchanger 20 is attributable
to frosting or heavy |load, the indoor unit is adapted to decide that it has
been caused by frosting rather than heavy loadif the follow ng four
conditions are net: (1) The set tenperature for frosting detection has
been increased by 13 degrees Cel si us; (2) A total of 50 minutes or
nore has passed since the heating

FIG. |

—= COOLING FLOW
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operation was started; (3) The outdoor fan 11 has been at a halt
continuously for 10 nminutes or nore; and (4) The tenperature of the indoor
si de heat exchanger 20 has conme down to the set tenperature for the
frosting detection plus 13 degrees Cel sius or bel ow If all the four
conditions above are satisfied, then the indoor unit decides that the drop
In the tenperature gradi ent has been caused by frosting rather than heavy

| oad and it begins defrosting control. Fig. 2 is a diagramshow ng an
essential section of the electric circuit of the controller nounted on the
i ndoor unit 2. A mcroconputer 3, e.g. TM52600 nade by I NTEL, is

provi ded with:

FIG. 2
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swtches for setting the basic node of the air conditioner including a

sw tch.for sel ecti ng 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 unit for displaying the cooling operation node, the
heati ng operation node, the cool air prevention, etc.; and an interface for
a signal receiver which receives a wreless signal froma renote
controller, denpdulates it, and sends a control code to the nicroconputer
The renote controller is used primarily to: turn OV OFF the air

FIG. 3
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condj tioner; swtch anong the heating node, the cooling node, and the fan
node; set the roomtenperature; set the air blow by the roomfan to high
medium |ow, or automatic (HWMVL/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 roomtenperature around the renote control and automati.cally
send a value indicative of the roomtenperature to the signal receiver at
predeterm ned intervals such as 2 to 3 m nutes. The m croconputer 3
controls the operation of the air conditioner according to the signals
received fromthe renote contrEI F t he heati ng; node has been

sel ected anong the cooling nod ng node, and the fan node, the

m croconputer 3 issues to the controller of the outdoor unit 1 a signal for
turning ON the four-way valve 13 _via a termnal No. 3 of a connector 4A to

swi tch a high-level| vightpgcoterapiond4t'seyel voltage; it judges the room
tenperature and the

HEAVY LOAD PROTECTING FUNCTION- S 2
IS ACTUATED (OUTDOOR FAN MOTOR
IS TURNED OFP)

¥

TEMP. FOR STARTING DEFROSTING S 3
IS RAISED BY +13°C

"

Y.

HEATING OPERATION WiTHOUT S 4
DEFROSTING BASED ON GRADIENT -

NO

29.
OF INDOORS SIDE HEAT RELEASE HEAVY LOAD:-
EXCHANGER IS NOT HIGHER PROTECTING MODE
THAN HEAVY LOAD PROTECTING (RESTARTS OUTDOOR .
TEMP. AND NOT LOWER THAN - ‘| FAN MOTOR)
HEAVY LOAD PROTECTING _~

RELEASE TEMP.
S6

YES

COMPRESSOR
HAS BEEN OPERATING
50 MIN. OR LONGER IN TOTAL
SINCE HEATING OPERATION STARTED AND
TEMP. IS NOT HIGHER THAN
DEFROSTING TRIGGERING
TEMP. +13°C -
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and supplies a signal for turning ON or OFF the eBRDEEELES w-tch—t-he
hi gh-1 evel voltage to the |owlevel voltage Wcamye%?%ﬁ;??%ont S| gr
unit 1 via a termnal .No. 2 of &

Further, the m croconputer 3 deci des whether 515°

of the outdoor

12

tOpgd .....
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DEFROSTING CONTROL METHOD FOR AIR CONDITIONER —

1

——

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a defrosting control method in the
reverse cycle heating operation mode of a two-unit-type air conditioner.
Description of Related Art

There has conventionally been known a two-unit-type air conditioner
composed of an outdoor unit and an indoor unit. The air conditioner
performs cooliﬁg by using refrigerant, while it-operates in a heating mode
to heat a room by using a heat pump.

When the outdoor temperature goes down to +5 degrees Celsius while
the air conditioner is operating in the reverse cycle heating operation mode,
the evaporating tentperature of the refrigerant in an outdoor side heat
exchanger becomes 0 degreé Celsius or lower, causing frosting in which
the moisture in the air turns 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 heat exchanger, thus disabling the heat exchanger

‘from drawing outdoor heat. The frosting problem is an inevitable problem

‘with the reverse cycle heating operation of the air conditioner, and

defro§fing must be carried out to prevent the frosting problem.

As one of the defrosting methods in such a case, a reverse cycle
defrosting method has been employed. According to the reverse cycle
defrosting method, the refrigerating cyble is switched from a heating
operation mode to a cooling operation mode duﬁng the heating operat‘ing

mode so as to let a high temperature refrigerant gas, which is discharged

_from a compressor, flow into a frosted outdoor side heat exchanger, thereby

This is the replacement sheet
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ON or OFF, the refrigerating cycle is in the heavy | oad condition, or the
refrigerating cycle should inplenent defrosting, and it sends a signal for
gurning ON or OFF the outdoor fan 11 to switch the high-level voltage to
the | ow1level voltage or vice versa according to the operating condition of
the refrigerating cycle to the controller2 of the outdoor unit 1 via a
termnal No. 4 of the connector 4A A stepping notor 7 changes the
angle of an air blow changing plate to change the vertical discharging
direction of conditioned air. The speed of the stepping notor 7 is reduced

t hrough a conbi nf\tio Oft regu éi n gears. A range of about 90 degrees is
di vi ded into SmSitHigHe franty 1’_& ei‘Fé‘gpi ng motor 7 is run in the forward or
di i . .

o change tho. angah ofF ERIGFTe IR irimlehua: Bt e hre EARY iR 3 C2

when the m cropa{guitire dxceds the teddmimenied g%ﬂg;ﬂopif fheaefipRpuRIofrot O

between the forwdrd and reverse directions
outside air is high, then the air conditioner will be placed under heavy load,

leading to a problem. For instance, in the reverse cycle heating operation

mode, if the temperature is set to a high level when the room temperature is

already high, then the air conditioner would be subject to heavy load. As

the preventive measures for heavy load, an outdoor fan is brought to a halt

and the number of revolutions of an indoor fan is increased at the same
 time. | _

“The indoor unit is equipped with a temperature detecting means based
on a microcomputer, whereas the outdoor may be a simple type which
merely turns ON or OFF an induction motor which drives a compressor and
has no such means as a microcomputer. In this simple type, the outdoor
unit is not provided with a function for detecting heavy load or frost.

Thus, when this type of two-unit-type air conditioner employing the
simple outdoor unit, which does not have a microcomputer or other similar
means and which merely turns ON or OFF the induction motor, performs

_ th_e sreverse cycle heating operation, frosting' cannot be detected through the
outdoor unit. ' |

When the outdoor fan is stopped and the number of revolutions of the -
indoor fan is increased to prevent the heavy load problem, the temperature
gradient of the indoor side heat exchanger decreases; hitherto, it has not |
been able to determine whether such a drop in the temperature gradient is
due to frosting or the corrective action taken against heavy load. Further,
if both heavy load and frosting have occurred, then the heavy load has to

be corrected first, then the defrosting is performed thereafter.

A
-
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predeterm ned cycle, the discharging direction of conditioned air can be
changed in succession, and therefore, this function is generally known as
“swi ng. " A; si ngl e- phase induction notor 22 drives the cross flow fan
of the indoor fan 21; it is -equi pped with speed regulating term nals based
on a sel'ector circuit 6 for 'selection anpdg high, nedium |ow, and very | ow
(HML/LL). The supply of current to these termnals is controlled by the

m croconputer 3 through relays Rl and RZ which have sel ector armatures. The
sel ection between |ow and very low (L and LL) is perforned by the

m croconputer 3 Sﬂ]MUQtRY'%FtTHEi INVENTHOY SSR1 and SSR2. The

m croconputer 3 erectroni c swtches according to the signals

received fromthe rexgoedinghy,iold & obfect ofiche présent ihvention tbl providesa
This is the replacenent sheet

defrosting control method for an inexpensive, two-unit-type air conditioner

in which an indoor unit is capable of determining, in a reverse cycle
heating operation, whether a drop in the temperature gradient of an indoor
side heat exchanger has been caused by the operation for correcting heavy
load or frosting, so that it disables defrosting control for the operation for
correcting heai/y load and it begins the defrosting control under a
predetermined condition.

Specifically, according to the defrosting control method for the air
conditioner in accordance with the present invention, while a heavy load
protecting function is operating, the Judgment standard for detécting the
frost on the outdoor side heat exchanger is changed and the heavy load
protecting function is given a priority over the defrosting of an outdoor side
heat exchanger during the reverse cycle heating operation of a two-unit-type
air conditioner wherein: when the temperature of the indoor side heat
exchanger has risen to a predetermined heavy load protecting operatable
temperature during the reverse cycle heating operation, the heavy load
protecting function is activated to stop the outdoor fan and increase the
nﬁmber of revolutions of the indoor fan; when the temperature of the
indoor side heat exchanger has dropped to a predetermined release
temperature, the heavy load protecting function is disengaged; and when the
temperature of the indoor side heat exchanger is a predetermined set frost
detecting temperature or below and the temperature gradient of the indoor
side heat exchanger has dropped to a predetermined value or below, th‘e
frosting of the outdoor side heat exchanger is detected and defrosting is
started.

This is the replacement sheet

Date:  § 0 JUN 197



13 been set for auto, the microconputer autonatically changes the air

bl ow so that it increases as the roomtenperature goes away froma set
tenperature or it decreases as the roomtenperature conmes closer to the set
tenperature. When the conpressor 12 is at halt in the cooling operation
node or the 4

Further, according to the present invention, while the heavy load
protecting function is in operation, the detection of the frost on the outdoor
side heat exchanger due to a drop in the temperature gradient of the indoor
side heat exchanger is rendered invalid.

Furthermore, according to the present invention, when the heavy load
protecting function is activated, the set temperature of the indoor side heat
exchanger for detectihg the frost on the outdoor side heat exchanger is
raised by a predetermined value, and it is determined that frosting has
occurred and the defrosting operation is begun when the air conditioner has
been performing reverse cycle heating operation for a predetermined total
period of time or longer, the foregoing set temperature of the indoor side
heat exchanger for detecting the frost of the outdoor heat exchanger has
been raised by the preset value, the outdoor fan has been continuously
stopped for a predeiermined time or longer, and the temperature of the
indoor side heat exchanger has come down to the frosting detection
temperature which has been raised as described above, or lower.

Thus, according to the present invention, when the outdoor fan is
stopped by the heavy load protecting function, the indoor unit will not
rriisjudge that the drop in the temperature gradient of the indoor side heat
exchanger has been caused by frosting when it has actually been caused by
the heavy load protecting function, thus allowing the heating operation to-
be continued.

According to the present invention, the defrosting start judgment -
standard at the time of heavy load is changed, and the indoor unit |
determines whether a drop in the temperature gradient of the indoor side
heat exchaﬁgei‘ is attributable to the heavy load protecting function in

operation or frosting, and it disables the defrosting control when it decides
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heating operation node, the air blowis set tolowand it is set to very
| ow during the defrosting operation. THL and TH2 denote tenperature
sensors; THlL is a thermistor installed to detect the tenperature of the

i ndoor side heat exchanger 20 and TH2 is a therm stor installed to detect -
the tenperature of the roomair sucked in5by the roomfan 21. 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 cool air in the
heating operation node, preventing the freezing in the cooling operation
nmode, and det ect ity thediehenlgad peatectingifurictioni is workingfthendt startsgheycl e
according to the flowhart which will be descrjbed ,I_ateir. Th
tenperature det edefrasting cortrohwhen & predetepmined: eonditien Wtb?%tf@tlﬁg%

tenperature sent b L-L %lﬁﬁ%ﬁtmge roolmterrperature
LI 3 : ~ \W A Wwp o | nor rra

reported by the .

X

Fig. 1 is a block diagram of a two-unit-type air conditioner in
accordance with the present invention;

Fig. 2 is a diagram showing the electric circuit of the controller of an
indoor unit; '

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

Fig. 4 is a flowchart illustrative of the process for diStinguishing
between heavy load and frosting.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The schematic conﬁguratidn of a two-unit-type air conditioner to

 which the present i.nvention is applied will be described in conjunction with
Fig. 1.
| The air conditioner is constructed by an outdoor unit 1 installed

outdoors and an indoor unit 2 installed indoors; these two units are
‘connected through refrigerant piping and a signal conductor.
¥ Mounted on the outdoor unit 1 are an outdoor side heat exchanger (a
heat source side heat exchanger) 10, an outdoor side 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, a
compressor 12, a four-way valve 13 for switching the circulating direction
of .a refr_igerant, a check valve 14 for regulating the circulating direction of
the refrigerant, capillary tubes (expansion devices) 15A, 15B, strainers 16A,
16B, refrigerant pipe connecting ports 17A, 17B, an accumulator 18,

mufflers 19A, 19B, and an outdoor side controller which will be discussed
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(e.g. the renote controller is exposed to direct sunlight or to the air

di scharged fromthe air conditioner) or if no periodic reports are received
fromthe renote controller (e.g. the transmtting section of the renote
controller is in a shade or the renote controller is in a drawer or the

i ke), the tienperature detected by the thegm stor TH2 is adopted as the
room tenperature. A |l evel detector circuit 5 functions to transmt an
operation signal of the outdoor fan 11. Wen the outdoor fan 11 is at a
halt, the output of a

later.

The outdoor unit 1 does not have such means as a microcomputer; it
carries out simple ON/OFF operation control. It is a simple type in which
the outdoor unit 1 does not have a sensor for detecting a state.

Mounted on the indoor unit 2 are an indoor side heat exchanger (use
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 cbnnecting ports 23A, 23B, and an indoor side
controller which will be discussed later.

The outdoor unit 1 and the indoor unit 2 provided with-the component
units described above constitute a single-system refrigerating cycle by
connecting the port 17A with the port 23A through a refrigerant pipe

- having a diameter (;f 9.52 mm and by connecting the port 17B with the
- port 23B through a refrigerant pipe having a diameter of 6.35 mm as
illustrated in Fig. 1. |

When the four-way valve 13 is in the state shown in Fig. 1, the
refrigefant discharged from the compressor 12 circulates in the direction
ifdicated by solid-line arrows (cooling operation mode).

| First, the high temperature, high pressure gasedus refri gerant
discharged from the compressor '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 and it condenses and liquefies 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
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14 term nal FMO of the mcroconputer 3 is high (H level, +24 V, and a
transistor Trl is OFF, the potential between a diode and a capacitor being
substantially +24 V. When the output of the term nal MFO switches to
low (L) level (nearly O V), the terminal No. 4 of the connector is
connected to the earth level (0 V) via a mesistor and the diode. At this
tinme, the transistor Trl stays OFF. More detail will be given in the
description of the controller of the outdoor unit 1. Fig. 3is a

di agram showi ng the essential section of the electric circuit of the

o Connect or 4B alcisrr: PYaht sapilaR e Zpf b iyt BHRR R 1oV GyrhBhe ahd”

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 out air, 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 separafes 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 thrdugh the refrigerating cycle.

Thus, in the cool_ing operation mode, the refrigerant discharged from
the.compressor 12 condenses in the outdoor side heat exchanger 10 and
e\;aporates in the indoor side heat exchanger 20 to exhaust the heat from

- the air-conditioned room to the outside, thereby enabling the air-conditioned
room 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 indicateci by
the dashed-line arrows in Fig. 1.

First, the high-temperature, high-pressure gaseous refrigerant
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connector 4A, matching like termnal numbers, of the controller of the

I ndoor unit 2 shown in Fig. 2. Current is supplied to a conpressor CM
when the term nal No. 2 of the connector 4B is switched to the L |evel

vol tage, causing a relay R5 to be energized to close the normally open
armature thereof. A single-phase inductiorgnmotor is enployed to drive the
conpressor 12 as shown in the drawving. A Tan notor FMis a si ngl e- phase

i nduction motor; when the normally open armature of a relay R3 is closed,
si ngl e- phase AC power is supplied to the fan notor FMto run it. As
shown in the drawing, the relay R3 is energized and the nornal open
armat ure t her eof disghatgedefdomhthe donepressori i2agoedothraugli thmmld'ﬂnnégBothetlB is
at the L-level voltage, that is, when the term nal _No. t he 5 nnector

4B is switched t(ﬁoumway-\dahxﬂellvthletlagﬁlmhmé tM%&ﬂfe@s‘Srt ¢pars

operation and the transjstor Tr2 isg tur | enoid SV svmtches
the state of theoféﬂirafkﬂaﬂﬁa(?{h?s\/@e gar pi{&queat exchangeri%

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 air-conditioned room (indoor). '

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 15A;
therefore, it has a low temperature and a high pressure. The check vah-fe

| 14 prevents the refrigerant from circulaﬁng through the strainer 16A.

Then, the fefrigerant is supplied to the outdoor side heat exchanger 10.
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
e;vaporate and gasify. At this time, the outdoor fan 11 blows air to
e).cpedite the evaporation of the refrigerant. |

The evaporated refrig.erant is guided to the accumulator 18 via the
four-way valve 13. The accumulator 18 separates the refrigerant which has
not gasified in the outdoor 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 refrigeratfné cycie.

Thus, in the heating operation mode, the refrigerant discharged from
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energi zed, the state of the four-way valve 13 is switched fromthe one

15 i ndi cat ed by the solid line to the one indicated by the dashed |ine
as shown in Fig. 1. Hence, the refrigerating cycle shown in Fig. | is set
to the heating operation node when the solenoid SV is energized, while it
Is set . - 9

the comﬁressor 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 fan
21. _

As described above, it has been experimentally verified that, in the
heating operation mode, when the operation of a typically designed
refrigeratirrg éycle is started with no front on the outdoor side heat
'exchanger 10, no frost develops in a total of 50 minutes after the operation

~ was begun, and that, if the outdoor temperature is high and the refrigerating

- cycle is subjected tZ) heavy load, then the heavy load state is corrected
when the outdoor fan 11 is held at a halt continuously for about 10
minutes. | '

The heavy load state which has taken place in the refrigerating cycle is
recognized by a rise in the temperature of the indoor side heat exchanger

' Z‘Q, while the frosting of the outdoor side heat exchanger 10 is recognized |
by a drop in the temperature of the indoor side heat exchanger 20. To be -
more specific, when the temperature of the indoor side heat exchanger 20
rises to a heavy load protectiing operatable temperature T1, the heavy load
prbtecting operation, which will be discussed later, is triggered and it is
terminated when the temperature comes down to a lowér temperature T2.

If the temperature of the indoor side heat exchanger 20 is not higher than a
frosting detection temperature T3 which is lower than T2, and the |

temperature gradient (a temperature dropping rate per predetermined time) .
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to the cooling operation node when the solenoid SV is de-energized.

The solenoid SV is energized when a relay R4 is energi.zed and the normal |y
open armature thereof is closed. The relay R4 is energi zed when the
termnal No. 3 of the connector- 4B is switched to the L-level voltage.

A tenperaturé switch Tsw detects the tenp@&Pature of the outdoor side heat
exchanger 10; it has a predetermned OV OFF differential and closes the
armat ure thereof when the tenperature of the outdoor side heat exchanger 10
has reached a predeterm ned abnornmal |evel (e.g. +12 degrees Cel sius or

L), wnenn 8o efef SR Y By Vi S8 1 R SFARETREC
he. four vy val G e B B e e s O oenger
of the refriger arﬁeguili_he condensi ng tenperature of the refrigerant is
usual |y +40 degrees Cel sius or higher and the tenperature of outside air is
12 degrees To judge the frosting under a heavy load condition, the set temperature
for the frosting detection is updated by raising it 13 degrees Celsius (T3
plus 13 degrees Celsius, which is higher than temperature T2), thereby
permitting easier detection of frosting.
Hence, according to the present invention, in order to determine
whether a drop in the temperature gradient of the indoor side heat
exchanger 20 is attributable to frosting or heavy load, the indoor unit is
adapted to decide that it has been caused by frosting rather than heavy
. loadif the following four conditions are met:
(1) The set températu're for frosting detection has been increased by 13
degrees Celstus;
(2) A total of 50 minutes or more has passed since the heating
operation was started;
(3) The outdoor fan 11 has been at a halt continuously for 10 minutes
or more; and
~ (4) The temperature of the indoor side heat exchanger 20 has come
down to the set temperature for the frosting detection plus 13 degrees |
Celsius or below.
If all the four conditions above are satisfied, fhen the indoor unit
decides that the drop in the temperature gradient has been caused by
frosting rather than heavy load and it begins defrosting control.
Fig. 2 is a diagram showing an essential section of the electric ci‘rcuit
of the contrbller mounted on the indoor unit 2.
A microcomputer 3, e.g. TMS2600 made by INTEL, is provided with:
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Cel sius or higher; therefore, the tenperature switch Tsw stays cl osed.
Under such a condition, when the controller of the indoor unit 2 issues a
signal for turning the conpressor 12 QN, i.e. a signal for switching the
termnal NO 2 of the connector 4B to the L-level voltage, the relay R5 is
energi zed and the conpressor 12 is actuatey via the-normally open armature
of the relay R5. . At the sane tinme, the termnal No. 4 of the connector
4B is connected to the L-level voltage via a resistor rl and a di ode D1 of
the controller of the indoor unit 2. At this tinme, a series circuit of the

resistor rl and Lhgehes for 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 for displaying the cooling operation mode, the heating |
operation mode, the cool air prevention, etc.; and an interface for a sfgnal
receiver which receives a wireless signal from a remot.e. controller,
demodulates it, and sends a control code to the microcomputer.

The remote controller is used primarily to: turn 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 by the room fan 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 fc_)r automatic setting; and detect
the rooin temperatute around the remote control and automatically send a
value indicative of the room temperature to the signal receiver at
predetermined intervals such as 2 to 3 minutes.

The microcomputer 3 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 3 issues to the controller. of the
outdoor unit 1 a signal for turning ON the four-way valve 13, via a
terminal No. 3 of a connector 4A to switch a high-level voltage to a
low-level voltage; it judges the room temperature and the set temperature
and supplies a signal for turning ON or OFF the compressor 12 to switch
the high-level voltage to the low-level voltage or vice versa to the ‘
controller of the outdoor unit 1 via a terminal No. 2 of the connector 4A.

Further, the microcomputer 3 decides whether the compressor 12 is
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16 diode DI is connected in parallel to a series circuit of a resistor
r4 and a diode D2 via the tenperature switch Tsw. Hence, the potenti al
at the termnal No. 4 of the connector is the value divided by a resistor
r2, aresistor r3, and the resistor r4. This potential is capable of
turning .the .transistor Tr2 ON, so that the2relay R3 is energized to run the
fan notor FM As previously described, the conpressor 12 and the fan notor
11 are actuated according to the result of the conparison between the room
tenperature and the set tenperature. At this time, if the
refrigerating cycle incurs heavy load, the term nal FMD of thde_ )

nmi croconput er 3 OGN onOFRdberrefrigarating cyeleiis dndhe heayydoad condition, or the

refrigerating cycle should implement defrosting, and it sends a signal for
turning ON or OFF the outdoor fan 11 to switch the high-level voltage to
the low-level voltage or vice versa according to the operating condition of
the refrigerating cycle to the controller of the outdoor unif I via a terminal
No. 4 of the connector 4A. |

A stepping motor 7 changes the angle of an air blow changing plate to
change the vertical discharging direction of con_ditioned 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 so as to change the angle of the air blow
changing plate as desired.

Hence, when tixe microcomputer 3 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 generally known as
"swing." |

*  Assingle-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 6 for selection among high, medium, low, and very low
(H/M/L/LL). The supply of .current to these terminals is controlled by the
microcomputer 3 through relays R1 and R2 which have selector armatures.
The selection between low and very low (L and LL) is performed by the
microcomputer 3 through electronic switches SSR1 and SSR2.

The microcomputer 3 controls the electronic switches according to the

signals received from the remote controller. Further, when the air blow has
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H-l evel voltage (+24 V) and the terminal No. 4 of the connector 4B is also
switched to the Hlevel voltage at the sane tinme; therefore, the transistor
Tr2 is turned OFF, causing the fan notor 11 to stop. This should rel ease
the refrigerating cycle fromthe heavy | oad. If this control fails to
solve the heavy load condition of the refiBgerating cycle, then the heavy

| oad causes an increase in the current flowng into the conpressor 12,
causi ng an overcurrent detector (not shown) built in the conpressor 12 to
be actuated to stop the conpressor 12 thereby to protect the refrigerating
cycl e. When the air conditioner is set for the heating operation node,

the term nal No.béenOdet fHe aGR) Mee htibrotBni gutemaiitefirgichlly ichénges theéadir bW 36¢€
and the relay R4 is energized and the solenoid SV for switching the

four-way val ve ithaeitengreases ad thesrovm semperaturstgies away frenf awet temgperature 13
to change to the one indicated by the dashed-line arrows showmn in Fig. 1,
thus setting theor ifdectpases astheranm temperaterencamengloseretaatheoset temperature.
this time, When the compressor 12 is at halt in the cooling operation mode or the
heating operation mode, the air blow is set to low and it is set to very low
during the defrosting operation.

THI1 and TH2 denote temperatlire'sensors; THI1 is a thermistor
installed to detect the temperature of the indoor side heat exchanger 20 and
TH2 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 TH] 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 in the
heating operation mode, preventing the freezing in the cooling operation
mode, and detecting the heavy load conditiop in the refrigerating cycle
according to the flowchart which will be described later.

The temperature detected by the thel_'mistor TH2 is compared with the
room temperature sent from the remote controller and if the room
témperature 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.

A level detector circuit 5 functions to transmit an operation signal of

the outdoor fan 11. When the outdoor fan 11 is at a halt, the output of a
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if the roomtenperature is |lower than the set tenperature, then the
termnal No. 2 of the connector 4B is switched to the L-level voltage and
the rel ay ' 17 R5 is energized to
actuate the conpressor 12. At the sane time, the termnal FMO of the
m croconputer 3 of the controller of the imgloor unit 2 is switched to the
L-1 evel voltage and the -

terminal FMO of the microcomputer 3 is high (H) level, +24 V, and a
transistor Trl is OFF, the potential between a diode and a capacitor being
substantially +24 V.

When the output of the terminal MFO switches to low (L) level
(nearly 0 V), the terminal No. 4 of the connector is connected to the earth
level (0 V) via a resistor and the diode. At this time, the transistor Trl
stays OFF. More detail will be given in the description of the controller of
the outdoor unit 1. | |

Fig. 3 is a diagram showing the essential section of the electric circuit
of the controller of the outdoor unit 1. In the circuit diagram, the terminals
of a connector 4B are connected to the corresponding terminals of the
connector 4A, matching like terminal numbers, of the controller of the
indoor unit 2 shown in Fig. 2.

Current is supplied to a compressor CM when the terminal No. 2 of
the connector 4B is switched to the L level voltage, causing a relay RS to
be energized to close the normally open armature thereof. A single-phase
induction motor is employed to drive the compressor 12 as shown in the
drawing. A fan motor FM is a single-phase induction motor; when the
normally open armature of a relay R3 is closed, single-phase AC power is
sﬁpplied to the fan motor FM to run it. ' |

As shown in the drawing, the relay R3 is energized aﬂd the normally
open armature thereof is closed when the terminal No. 2 of the connector
4B is at the L-level voltage, that is, when the terminal No. 4 of the
connector 4B is switched to the L-level voltage while the compressor 12 is
in operation and the transistor Tr2 is turned ON. | ‘

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
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tenperature of the indoor side heat exchanger 20 is increased as the
conpressor 12 operates to enable the heating operation; the indoor fan 21
is forcibly set for lowto.prevent cool air frombeing emtted until the

i ndoor side heat exchanger 20 reaches a predeterm ned tenperature,
approxi mat el'y +35 degrees Cel si us. | 15i s generally known that

conti nued heating operation when the tenperature of outside air is | ow
causes the outdoor side heat exchanger 10 to be frosted. If the outdoor

si de heat exchanger 10 is frosted, the efficiency of heat exchange between

I RN IR B AT Ny SRR el

v LB S, MR s g Vg W

t he four-way ng yé&iﬁok%ﬂbge@gﬁ%%ﬁg eﬂ;ﬂt ea?’écllj LS_V@?@@%&?\%&?D%EE;?I@%N
to the cooling operation mode when the solenoid SV is de-energized.

The solenoid SV is energized when a relay R4 is energized and the
normally open armature thereof is closed. The relay R4 is energized when
the terminal No. 3 of the connector 4B is switched to the L-level voltage.

A temperature switch Tsw detects the temperature of the outdoor side
heat exchanger 10; it has a predetermined ON/OFF differential and closes
the armature thereof when the temperature of the outdoor side heat
exchanger 10 has reached a predetermined abnormal level (e.g. +12 degrees
Celsius or more).

When the air conditioner has set to the cooling operation mode, that is,
when the terminal No. 3 of the compressor 4B is at the H-level voltage and
no current is being supplied to the solenoid SV for switching the four-way
valve, the outdoor side heat exchanger 10 works as a condenser of the
refrigerant. The condensiﬁg temperature of the refrigerant is usually +40
degrees Celsius or higher and the temperature of outside air is 12 degrees
Celsius or higher; th_erefore, the temperature switch Tsw stays closed.

| Under such a condition, when the controller of the indoor unit 2 issues
a signal for turning the compressor 12 ON, i.e. a signal for switching the
terminal NO. 2 of the connector 4B to the L-level voltage, the relay RS is
energized and the compressor 12 is actuated via the normally open armature
of the relay RS.

At the same time, the terminal No. 4 of the éonnector 4B is cont;ected

to the L-level voltage via a resistor rl and a diode D1 of the controller of

the indoor unit 2. At this time, a series circuit of the resistor r1 and the
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'the refrigerating cycle for the cooling operation and al so sets the outdoor
si de heat exchanger 10 so that it works as the condenser, thus nelting the
frrost on the outdoor side heat exchanger 10 by the heat of condensation of
the refrigerant. At this time, the termnal No. 4 of the connector 4B is
switched to-the H1level voltage and the reéay R3 is de-energized to stop
the fan nmotor FM The tenperature of "The outdoor side heat exchanger
10 rises as the outdoor side heat exchanger 10 works as the condenser, with
the outdoor fan 11 at a halt.. The rise in the tenperature nelts the frost
on the outdoor &'hi S is
the repl acenent dindedDl is connected in parallel to a series circuit of a resistor r4 an

diode D2 via the temperature switch Tsw.

Hence, the potential at the terminal No. 4 of the connector is the value
divided by a resistor r2, a resistor r3, and the resistor r4. This potential is
capable of turning the transistor Tr2 ON, so that the relay R3 is energized
to run the fan motor FM. As previously described, the compressor 12 and
the fan motor 11 are actuated according to the result of the comparison

“between the room temperature and the set temperature.

At this time, if the refrigerating cycle incurs heavy load, the terminal
FMO of the microcomputer 3 of the indoor unit 2 is switched to the
H-level voltage (+24 V) and the terminal No. 4 of the connector 4B is also
switched to the H-level voltage at the same time; therefore, the transistor
Tr2 is turned OFF, causing the fan motor 11 to stop. This should release
the refrigerating cyéle from the heavy load.

If this control fails to solve the heavy load condition of the
refrigerating cycle, then the heavy load causes an increase in the current
flowing into the compressor 12, causing an overcurrent detector (not
shown) built in the compressor 12 to be actuated to stop the compressor 12
thereb}c to protect the refrigerating cycle.

When the air conditioner is set for the heating operatlon mode, the
terminal No. 3 of the connector 4B is switched to the L-level voltage and
the relay R4 is energized and the solenoid SV for switching the four-way
valve is energized. This causes the state of the four-way valve 13 to
change to the one indicated by the dashed-line arrows shown in Fig. 1, thus
setting the refrigerating cycle for the heating operation mode. At this time,
if the room temperature is lower than the set temperature, then the terminal

No. 2 of the connector 4B is switched to the L-level voltage and the relay
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18 - side heat exchanger 10, and when the tenperature of the outdoor side
heat exchanger 10 further rises until it reaches +12 degrees Cel sius or
rore, the tenperature switch Tsw closes. This causes the resistor r4 and
the diode D2 to be connected to the termnal No. 4 of.the connector 4B and
the poténtial of the termnal No. 4 of the7 connector 4B drops. The
drop in the potential in turn causes the™transistor Tr1l of the controller
of the indoor unit 2 to be turned ON. The val ue -of the resistor

RS is energized to actuate the compressor 12.

At the same time, the terminal FMO of the microcomputer 3 of the
controller of the indoor unit 2 is switched to the L-level voltage and the
temperature of the indoor side heat exchanger 20 is increased as the
compressor 12 operates to enable the heating operation; the indoor fan 21 is
forcibly set for-low to prevent cool air from being emitted until the indoor
side heat exchanger 20 reaches a predetermined temperature, approximately
+35 degrees Celsius. |

It is generally known that continued heating operation when the
temperature of outside air is low causes the outdoor side heat exchanger 10
té be frosted. If the outdoor side heat exchanger 10 is frosted, the
efficiency of heat exchange between the outdoor side heat exchanger 10 and
the outside air is déteriorated, causing the temperature of the indoor side
heat exchanger 20 to go down. From this temperature chax_lge, the
microcomputer 3 of the indoor unit 2 recognizes the frosting of the outdoor
side heat exchanger 10. |

As soon as the microcomputer 3 identifies the frosting, it changes the
setting of the four-way valve 13, i.e. de-energizes the four-way valve, to set
the refrigerating cycle for the cooling operation and also sets fhe outdoor
side heat exchanger 10 so that it works as the condenser, thus melting the
frost on the outdoor side heat exchanger 10 by the heat of condensation of
the refrigerant. At this time, the terminal No. 4 of the connector 4B is |
switched to the H-level voltage and the relay R3 is de-energized to stop the
fan motor FM.

The temperature of the outdoor side heat exchanger 10 rises as the
outdoor side heat exchanger 10 works as the condenser, with the outdoor

fan 11 at a halt. The rise in the temperature melts the frost on the outdoor
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IS set so that the base voltage of the transistor Trl stays +24 V- 0.7 V
(the voltage in the forward direction of the PN junction) or |ess even when
t-he transistor turns ON. The voltage divided through the resistors is
applied to a term nal DEF of the mcroconputer 3. This voltage is

hi gher t.han .t hat obtai ned when the transisg8or Trl is OFF; therefore, the

m croconputer 3 judges that the armature of the tenperature switch Tsw has
been cl osed when the voltage applied to the terminal DEF is higher. In

ot her words, the mcroconputer 3. determ nes that the tenperature of the
out door side heat exchanger 10 has risen and the defrosting has been

conpl eted. On cosjdechdavexoharigee 1d¢fandsivhérgthe teenperaturs'@y t@butdobs side heat
energi zed again and the fan motor FMis restarted to resune the heating
oper ati on. - rsekangen d Orfurthen risee untibitcteachesshtiudegreesiCelsias ormoye, thg ng

'E;gtc ?g;r gp];?;t It ggpxgpeérétonzr% iesgvci@%?ﬂ\;/ot{lpgslhgﬁfﬁ €£§§£ itl?ot:elc'jle'sistor rtPgrrlcii e tdpoede
: . D2 to be connected to the terminal No. 4 of the connector 4B and the
potential of the terminal No. 4 of the connector 4B drops.

The drop in the potential in turn causes the transistor Tr1 of the
controller of the indoor unit 2 to be tumed ON. The value of the resistor
is set so that the base voltage of the transistor Trl stays +24 V - 0.7 V (the

) voltage in the forward direction of the PN junction) or less even when the
transistor turns ON. The voltage divided through the resistors is applied to
a terminal DEF of the microcomputer 3. '

This voltage is higher than that obtained when the transistor Trl is
OFF; therefore, th_e.microcomputer 3 judges that the armature of the
temperature switch Tsw has been closed when the voltage applied to the
terminal DEF is higher. In other words, the microcomputer 3 determines
that the temperature of the outdoor side heat exchanger 10 has risen and the
defrosting has been completed. On completion of the defrosting, the
four-way valve 13 is energized again and the fan motor FM is restarted to
r;sums the heating operation.

Referring now to the flowchart shown in Fig. 4, the judging procedure
for the defrosting control will Be described.

During the heating operation of a step S1, if the heavy load
protectingfunction is actuated in a step S2, then the outdoor fan 11 is
stopped and the rotational speed of the indoor fan 21 .is increased. .

At the same time, the set temperature for detecting frost or for the
defrosting control is raised by +13 degrees Celsius in a step S3. Then in a

step S4, the heating operation is continued without conducting the
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protectingfunction is actuated in a step S2, then the outdoor fan 11 is
stopped and the rotational speed of the indoor fan 21 is increased. At
t.he sane time, the set tenperature for detecting frost or for the
defrosti.ng control is raised by +13 degrees Celsius in a step S3. Then in a
step $4, the heating operation is continue8 w thout conducting the

19
defrosting control, ignoring the drop in the temperature gradient of the
indoor side heat exchanger 20. This prevents the defrosting control from
being carried out while the heavy load protecting function is in operation.

In a step S5, the microcomputer 3 determines whether the outdoor fan
11 has continuously been at a halt for 10 minutes; if it decides that the
outdoor fan 11 has not been at a halt for 10 minutes continuously, then it
goes back to the step S4 where it repeatedly continues the heating
operation.

If the microcomputer 3 determines that the outdoor fan 11 has been at
a halt for 10 minutes with no break, then it further determines in a step S6
whether the coil temperature of the indoor side heat exchanger 20 is the
temperature T1, which is applied during the heavy load protecting
operation, or lower and the temperature T2, which is applied when the
heavy load protecting operation mode has been cleared, or higher at the
same time.

If the determination result in the step S6 is hegative, then the
microcomputer 3 clears the heavy load protecting operatable mode and
restarts the outdoor fan 11 in a step S9, then it goes back to the step S4
wherein it repeatedly continues the heating operation.

) If the determination result in the step S6 is affirmative, then the
microcomputer 3 decides in a step S7 whether a total of 50 minutes has
elapsed since the heating operation was started and whether the temperatufe
is the set temperature T3 for detecting frost plus 13 degrees Celsius or
lower. If the jddgment result in the step S7 is negative, then the
microcomputer 3 repeats the judgment in the step S7 again. :

It is assumed that the temperature T1 of the indoor side heat exchanger

20 at which the heavy load protecting mode is triggered is higher than the
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defrosting control, ignoring the drop in the tenperature gradient of the

I ndoor side heat exchanger 20. This prevents the defrosting control from
being carried out while the heavy |oad protecting function is in operation.
In a step S5, the microconputer 3 deternines whether the outdoor fan 11 has
continuously been at a halt for 10 mnutesg if it decides that the outdoor
fan 11 has not been at a halt for 10 m nUTes continuously, then it goes
back to the step S4 where it repeatedly continues the heating operation.

If the mcroconputer 3 determines that the outdoor. fan 11 has been at a

hal t for 10 mn ' g Vi 164d phGtective aidtlenigsrel daséd, theReS6
whet her the coi :ert rﬁg&e@g&% g?eaofﬁit&rl}em?gggg? Is)i dg hegl?e%xchanger 20 i's the

tenperature T1, whipefatuse IBrof the iddoonsidetireab ervhangen 20pfootdetddting the frost
operation, or |lower and the tenperature T2, which is applied when the heavy

| oad protecting opthavitdoonsite dxechangarell} isdlower thagithe tempenatire Ak
L. and T3 plus 13 degrees Celsius is higher than the temperature T2.

If the judgment result in the step S7 is affirmative, then the
microcomputer 3 decides in a step S8 that the outdoor side heat exchanger
10 has been frosted and begins the defrosting control. This means that the
defrosting control is started as soon as the conditions described in (1)
through (4) above are satisfied even when the heavy load protecting .
function is in operation.

Thus, according to the present invention, once the heavy load
protecting function is actuated, the defrosting control is disabled. If no
frosting is identified after the heavy load condition has been cleared, then
the defrosting control is not carried out even when, for example, a drop in

- the temperature gradient of the indoor side heat exchanger 20 is detected.

Therefore, the present invention makes it possible to eliminate the
chance of misjudging a drop in the temperature gradient of the indoor side
heat exchanger, which is caused by the heavy load protecting function in
operation, as a sign of frosting even when the outdoor fan is stopped by the
he;avy load protecting function while a two-unit-type air conditioner is
performing reverse cycle heating operation. This enables the heating
operation to be continued. '

Furthermore, when a heavy load state occurs, the condition for starting
the defrosting control is changed, and the indoor unit decides whether a
drop in the temperature gradient of the-indoor side heat exchanger is due to

the heavy load protecting function in operation or frosting. If the indoor

unit determines that the drop in the temperature gradient is attributable to
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If the determnation result in the step S6 is negative, then the

m croconputer 3 clears the heavy |oad protecting operatable node and
restarts the outdoor fan 11 in a step S9, then it goes back to the step s4
wherein it. repeatedly continues the heating operation. If the

determ nation result in the step S6 is af2irmative, then the m croconputer
3 decides in a step S7 whether a total of 50 m nutes has el apsed since the
heati ng operation was started and whet her the tenperature is the set
tenperature T3 for detecting frost plus 13 degrees Celsius or lower. If the

epears the | udgHBnheivy 978 REplastia Shgsion, thef s prevefls b BRRIEE dgpol
temperature T1 Obgh Beliileerkd! 5o bepli MAdRARg colfit bidipulaeavy | 0ad

protecting node I'S’higher
predetermined updated conditions are satisfied. Thus, highly efficient

defrosting control can be achieved even when. using a simple type outdoor
unit which is not provided with a microcomputer or other similar means
and therefor not capable of detecting the heavy load state or frbsting, that

is, it merely turns ON/OFF the induction motor for driving the compressor.
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20 terrpérat—u+e—1l'—2—aic—m_c,h_ihe heavy | oad protecting node is rel eased,
the set tenperature T3 of the indoor side heat exchanger 20 for detecting

the frost on th R €Eii"m“[i@at exchanger 10 ;!s_ ap_the_
tenmperature T2, + degrees Cel sius i '-I-@QQ gt i
tenperature T2. ment - resu22 in the st E%%ﬁbﬁsnafﬁ%'\'r
then the mcroconputer 3 decides in a step S8 thdimiss: -m-u-.-s.a.:.m-._... heat

exchanger 10 has been frosted and begins the defrosting control. This neans

that the

WHAT IS CLAIMED IS:

1. A defrosting control method for an air conditioner, whereby a
judgment standard for detecting frost on an outdoor side heat exéhanger is
clianged_ and a heavy load protecting function is given a priority over
defrosting of said outdoor side heat exchanger while the heavy load
protecting function is operating;

in a two-unit-type air conditioner in which, during a reverse cycle
heating operation, when the temperature of an indoor side heat exchanger
has risen to a predetermined heavy load protecting operatable temperature,
said heavy load protecting function is activated to stop an outdoor fan and
increase the number of revolutions of an indoor fan; when the temperature
of said indoor side heat exchanger has dropped to a predetermined release
temperature, said héavy load protecting function is disengaged; and when
‘the temperature of said indoor side heat exchanger is a predetermined set
frost detecting temperature or below and the temperature gradient of said
indoor side heat exchanger has dropped to a predetermined value or below,
the frosting of said outdoor side heat exchanger is detected and defrosting
is started. |

2. A defrosting control method for an air conditioner according to
Claim 1, wherein, while the heavy load protecting function is in operation,
the detection of frost on the outdoor side heat exchanger due to a drop in
the temperature gradient of the indoor side heat exchanger is rendered

invalid.

3. A defrosting control method for an air conditioner according to

-—

T I -

Date: ‘1 0 Ja 199?



defrosting cantrol is started as soon as the conditions descri bed in (1)
through (4) above are sati sfied even when the heavy | oad prote —

ffunction is in Hla&BbenRe lacedThus, according to the=pFe N,
once the heavy I functlon IS actuated THHFeS RACE 'ng cpntrol
is disabled: If identifiedRafter thel heav et on
has been cl eared, en t I’OStI ng control is not~carried out even when,

for exanple, a drop in the tenperature gradi ent of the indoor side heat
exchanger 20 is detected. Therefore, the present invention makes it

§?Z§i ent of the QAT G YEfeEnfencihe Ry 8a b etiBe slfeddifis AREEL ¢ h
out door fan | o SFLERIRARANE 0PRE AR sid8 heatafiver (R etlich B 14T e
two-unit-type aithe @ﬁf&oﬁ"s@d@heatse)&ﬁﬁﬁgéﬁnsﬂﬁtsédw5@r§d&éx@mh@dtvm£h and it is

operation. This enables the heating operation to be continued

determined that frosting has occurred and the defrosting operatlon 1s begun
when the air conditioner has been performing reverse cycle heating '
operation for a predetermixted total period of time or longer, said set

" temperature of the indoor side heat exchanger for detecting the frost on the
outdoor heat exchanger has been raised by a preset value, the outdoor fan
has been continuously stopped for a predetermined time or longer, and the
temperature of the indoor side heat exchanger has come down to the
frosting detection temperature, which has been raised as described above, or

lower.

4. A defrosting control method for an air conditioner according to
Claim 3, wherein the predetermined total time ot’ the reverse cycle heating
eperaﬁon of the air conditioner is 50 minutes or more, the predetermined
value for increasing the set frosting detection temperature is 13 degrees
CelSius, and the predetermined time for which the outdoor fan is

continueusly at a halt is 10 minutes or more.
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Furt hernore, when a heavy |oad state occurs, the condition for starting the
defrosting control is changed, and the indoor unit deci des whether a drop
i-n the tenperature gradient of the indoor side heat exchanger is due to the
heavy | oad protecting function in operation or frosting. If the indoor unit
determ nes that the drop in the tenperatupe gradient is attributable to
This is the replacenent sheet -

DEFROSTING CONTROL METHOD FOR AIR CONDITIONER

A_BLSTRA(_JT'OF THE DISCLOSURE

A defrosting control method wherein an indoor unit determines

whether a drop in the temperature gradient 6f an indoor side heat exchanger
has been caused by a heavy load protecting operation or frosting during the
reverse cycle heating operation of a two-unit-type air conditioner. The
defrosting control is not triggered when the heavy load protecting operation
is being carried out, and the defrosting control is started when

predetermined conditions are satisfied.

Figure 1
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21 the heavy | oad protecting operation, then it prevents the defrosting
control frombeing triggered, and it begins the defrosting control when the
predet er mi ned updated conditions are satisfied. Thus, highly efficient
defrosting control can be achi eved even when using a sinple type outdoor
unit which is not provided with a m crocofputer or other simlar neans and
t heref or not capable of detecting the heavy | oad state or frosting, that

is, it merely turns ONOFF the induction notor for driving the conpressor.

FIG. |
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-22 - What is clained is: 1. A nethod for controlling
defrosting in a two-unit-type of air conditioner with refrigerant
gondui ts connecting an-indoor side heat ~exchanger and indoor fan to an

out door side heat exchanger and fan, wherein, in a forward cycle cooling
operation the I ndoor side heat exchanger and fan provide cooling air to
a roomand in a reverse cycle heat i ng “Operati on the inside heat
exchanger and fan provide heated air to the room conprising the steps

of : providing an indication of a heavy | oad condition during a reverse
cycl e heating operation

FIG.2
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by detecting when the tenperature of the indoor side heat exchanger has
risen to a predeterm ned | oad tenperature; initiating a heavy | oad
protection function by stopping the outdoor fan and increasing the nunber
of revolutions per unit tinme of the indoor fan in response to the

i ndi cation a heavy | oad condition; determ ning the end of a heavy | oad
condition during a heavy | oad protectionfunction by sensing when the
tenperature of said i-ndoor side heat exchanger has dropped to a

predeterm ned rel ease tenperature; di sengagi ng sai d heavy | oad
protection function in response to determning the end of a heavy | oad
condi ti on: providing an indication of frosting of said outdoor heat

exchanger by determ ni ng when said i ndoor side heat exchanger is at or
bel ow a predeterm ned set frost detecting tenperature and the tenperature
gradi ent of the indoor side heat exchanger has dropped to or bel ow
predet er mi ned val ue; and starting a defrosting function for the outside
heat exchanger in response to the indication

FIG. 3
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“of frosting. 2. A nmethod for controlling defrosting according to claim
1, wherein during a heavy |l oad protection function, the step of providing
an indication of frosting is inhibited. 3. A nethod for controlling
defrosting according to claim2, wherein during a heavy | oad protection
function the predeterm ned set frost det#cting tenperature is raised by a
certain tenperature value, and wherein The step of providing an indication
of frosting further includes the steps of:

FIG. 4

HEATING OPERATION S 1

HEAVY LOAD PROTECTING FUNCTION|L S 2
IS ACTUATED (OUTDOOR FAN MOTOR
IS TURNED OFF)

A

TEMP. FOR STARTING DEFROSTING S 3
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A

HEATING OPERATION WITHOUT S 4
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GUTO00R FAN ——~——____NO
MOTOR HAS STOPPED CONT INUOUSLY

~85
_zg.
OF INDOORS SIDE HEAT RELEASE HEAVY LOADd|.
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THAN HEAVY LOAD PROTECTING (RESTARTS OUTDOOR
. TEMP. AND NOT LOWER THAN - FAN MOTOR)
i HEAVY LOAD PROTECTING

RELEASE TEMP.

Sé

YES [

COMPRESSOR
HAS BEEN OPERATING
50 MIN. OR LONGER IN TOTAL
SINCE HEATING OPERATIQON STARTED AND
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DEFROSTING TRIGGERING
~_ VEMP. +13°C .~

NO

TN 'STA
YES
DEFROSTING IS STARTED S 8
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- -23 - deternining when a first period of time during which the air
.conditioner has been performng the reverse cycle heating operation is
equal to or exceeds a first certain val ue; q - mf’l Lsecong: < ¢+
period of time during which the outdoor fan hag- ety LY st opped *f
during a heavy load protection function is equadl Jto of exceeds|al second
certain val ue; pl deternining when the-tnperafufe 3 SER 199g8lopr} si de heat

exchanger has come down to the raised frost defe¢ting tenperat and
providing the indication of frosting only when|the first peri f timeis
equal to or eWhaeidsclaiprdfig:r st certain val ue, t second period of tinme is

equal to or exceeds the second certain value, and the te'rr_perat_u_re of" t he

i ndoor si de hkaf Bgthed fgecontrolling dafroxting, in; a buo-ppissypejef al conditionerpwitht ur e.
4. A netho i ls rli 8 | ' he

{i v ot "cor ¢ apttorff Rohhis, Shol gl 1ol ST Kl xe o, fudoll T4 hf s e
and t he cerdutdoor sidetheatdxchangenbntbfan, wherein, in a forward cycle cooling operation the

indoor side heat exchanger and fan provide cooling air to a room and in a reverse cycle

heating opefation the inside heat exchangér and fan provide heated air to the room,

comprising the steps of: '

providing an indication of a heavy load condition during a reverse cycle heating operation
by detecting when the temperature of the indoor side heat exchanger has risen to a
predetermined load temperature;

initiating a heavy load protection function by stopping the outdoor fan and increasing the
number of revolutions per unit time of the indoor fan in response to the indication a heavy
load condition;

determining the end of a heavy load condition during a-heavy load protection function by
-sensing when the temperature of said indoor side heat exchanger has dropped to a
predeterrhinéd release temperature;

disengaging said heavy load protection function in r'esponse to determining the end of a
heavy load condition:

providing an indication of frosting of said outdoor heat exchanger by determining when
said indoor side heat exchanger is at or below a predetermined set frost detecfing temperature
and the t'emper'atﬁre gradient of the indoor side heat exchanger has dropped to or below
predetermined value; and _

starting a defrosting function for the outside heat exchanger in response to the indication
of frosting.

2. A method for éontrolling defrosting according to claim 1, wherein during a heavy load
protection function, the step of providing an indication of frosting is inhibited. '

3. A method for controlling defrosting according to claim 2, wherein during a heavy load
protection function the predetermined set frost detecting temperature is raised by a certain
temperature value, and wherein the step of providing an indication of 'frosting further includes

the steps of:

—_—
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determining when a first period of time during which the air conditioner has been
perfonﬁing the reverse cycle heating operation is equal to or exceeds a first certain value;
determining when a second period of time during which the outdoor fan has been
continuously stopped during a heavy load protection function is equal to or exceeds a second
certain value; pl determining when the temperature of the indoor side heat exchanger has
come down to the raised frost detecting temperature. and
providing the indication of frosting only when the first period of time is equal to or
exceeds the first certain value, the second period of time is equal to or exceeds the second
“certain value, and the 'temperature of the indoor side heat 'exchanger is below the raised frost
detecting temperature. |
4. A method for controlling defrosting according to claim 3, wherein the first certain
value is 50 minutes, the second certain value is 10 minutes and the certain temperature value

is 13 degrees.
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