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SPECIFICATION
OPERATION CONTROL DEVICE FOR AIR CONDITIONER

(TECHNICAL FIELD]
This invention relates.to an operation control device
for air conditioner, and particularly relates to measures for
controlling the air conditioner during defrosting operation

and for controlling the air conditioner just after completion

of defrosting operation.

[BACKGROUND ART]

There has been a conventional air conditioner which is
s0 composed that an indoor unit is connected to an outdoor
unit in which a compressor, a four-way selector valve, a
thermal-source-side heat exchanger, a motor-operated expan-
sion valve and a receiver are sequentially connected, as
disclosed in Japanese Patent Application Laid-Open Gazette
No.4-344085. The air conditioner performs defrosting opera-
tion when a fin of the thermal-source-side heat exchanger is
frosted in heating operation.

Further, the defrosting operation is executed in a
cooling cycle with a non-shown motor-operated expansion valve
of the indoor unit and the motor-operated expansion valve of
the outdoor unit fully opened together.
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of defrosting operation. [ BACKGROUND ART]
Ther& has been a conventional air conditioner which is so conposed that an
i ndoor unit is connected to an outdoor unit in which a QBEPKeEIROBeen Replaced
four-way selector valve, a thermal-source-side heat exch
not or - oper at ed expan- sion valve and a receiver are sequ !J n
connected, as disclosed in Japanese Patent Application Laid- e
No. 4- 344085. The air conditioner perforns defrosting opera- tion when a

fin of the thermal -source-side heat exchanger is frosted in heating
oper ati on. Further, the defrosting operation is executed in a

- Problems to be sélved -

However, since the above air conditioner is provided
with an accumulator on a suction side of the compressor in
order to prevent operation in wet condition of the compres-
sor, the motor-operated expansion valves are fully opened in
the defrosting operation so that operation performance is
decreased due to pressure loss at the accumulator.

If the accumulator is not provided to solve the above
problem, since the defrosting operation with the motor-oper-
ated expansion valves fully opened, this causes 1liquid re-
frigerant condensed by the thermal-source-side heat exchanger
to store in the receiver in the case of heavy frost, low
open-air temperature or short refrigerant piping. Thus, an
amount of heat required for defrosting is lacked so that the
liquid refrigerant in the receiver turns back to the compres-
sor. This invites operation in wet condition of the compres-
sor, so that the compressor is under stress. As a result, the

reliability of the compressor is reduced.

In view of the foregoing problems, this invention has
been made. An object of this invention is to enhance opera-
tion performance without any accumulator while avoiding the

compressor from operating in wet condition in defrosting



cooling cycle with a non-shown notor-operated expansion valve of the

i ndoor
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unit and the notor-operated expansi on-val ve of the outdoor unit
fully opened together.
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operation.

[DISCLOSURE OF INVENTION]
To achieve the above object, measures instituted in this
invention are so composed as to execute defrosting operation
while introducing gas refrigerant in a receiver into a main

line through a bypass_passage.

- Constitution -

More specifically, as shown in Eig. 1, a measure insti-
tuted in the invention according to claim 1 premises an air
conditioner comprising a refrigerant circuit (9).which has a
main line (9a) in which a compressor (1), a thermal-source-
side heat exchanger (3), an expansion mechanism (5) freely
adjustable in opening and a used-side heat exchanger (B) are
sequentially connected and which is reversibly operable
between coéling cycle operation and heating cycle operation.

A receiver (4) is provided in a high-pressure liquid
line of £he main line (9a) of the refrigerant circuit (9).
There is provided a bypass passage (4a), which is connected
at one end thereof to the receiver (4) and at the other end
to a low-pressure liquid line of the main line (8a) of the
refrigerant circuit (9), for bypassing the expansion mecha-

nism (5) to introduce gas refrigerant in the receiver (4)

into the low-pressure iiquid line.
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wi th an accunulator “on @ suction side of the conpressor in order to
prevent omg&q%&pﬁ%ﬁga} a&gndition of the conpres- sor, the notor-operated

expansi on v y opened in the defrosting operatlon so t hat
oper ation pgﬂ ﬂlﬁ Hl’lr
accunul ator!

decreased due to pressure loss at the
accurul ator is not provided to solve the above
probl em since the defrosting operation with the notor-oper- ated
expansion valves fully opened, this causes liquid re- frigerant condensed
by the thermal -source-side heat exchanger to store in the receiver in the
case of heavy fr@sthelow tHBe%ﬁésée%esr@égée(Qﬁaﬁh%t ﬂﬁéwa%r@%ll%p' ng.
Thus, an amount of heat required for defrosting I's |acked so that the
i qui d ref&ﬁ@ﬁ/@ﬂht‘-%éf‘%éfﬁ@' Y8%)! YIS ki 4@ LRE SR g ofe the
bypass passage (4a).
In addition, there is provided defrosting executing
means (11) for making the expansion mechanism (5) fully
closed and making the open/shut-off means (SV) open according

to a defrosting requiring signal in the heating cycle opera-

tion and executing defrosting operation in the reverse cycle.

A measure instituted in the invention according to claim
2 further comprises, in the invention of claim 1, initial
control means (12) for outputting an initially closing signal
to the defrosting executing means (11) so that the open/shut-
off means (SV) is closed until a set time passes after the

start of the defrosting operation.

A measure instituted in the invention according to claim
3 further comprises, in the invention of claim 1, wet condi-
tion control means (13) for outputting a closing signal to
the defrosting executing means (11) so that the open/shut-off
means (SV) is closed when a refrigerant temperature on a
dischargé side of the compressor (1) drops to or below a

specified temperature.

A measure instituted in the invention according to claim



sor. This invites operation in wet condition of the conpfes- sor, so that
the conpressor is under stress. As a result, the 'Ifhelshé%bmsiBte }gf t he

conpressor is reduced. In view of the foreg aced g
i nvention has been nmade. An object of this inventi ce opera-
tion performance w thout any accunul ator while avoidi ressor

fromoperating in wet condition in defrosting
ThG s is the repl acenent sheet

Dat e: 4 is so composed that, in the invention of claim 3, the wet
condition confrol means (13) outputs a closing signal so that
the open/shut-off means (SV) becomes an opened state after
holding a closed state for a set time, and then outputs an
opening holding signal to the defrosting executing means (11)
so that the open/shut-off méans (SV) holds the opened state

for a set time after closed.

A measure instituted in the invention according to claim
5 further comprises, in the invention of claim 1, superheat-
ing control means (14) for outputting respective signals for
opening and closing the motor-operated expansion valve (5) to
the defrosting executing means (11) so that when a refriger-
ant temperature on a discharge side of the compressor (1)
rises to or above a specified temperature, the expansion
mechénism (5) is opened to a specified opening and then
closed into a fully closed state.

A measure instituted in the invention according to claim
8 1s so composed that, in the invention of claim 5, the
superheating control means (14) outputs a full-close holding
signal to the defrosting executing means (11) so that the
expansion mechanism (5) holds the fully closed state for a

set time after opened and closed.

A measure instituted in the invention according to claim
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operati on. [ DI SCLOSURE OF | NVENTI O\ To

achi eve the above object, neasures instituted. in this invention are so
conposed as to execute defrosﬂ%@gagﬂgr tion while introducing gas

refrigerant in a receiver into
Constitution - More sp. i
insti- tuted in the invention

shown in Fig. 1, a neasure

ez} lagedr ough a bypass passage.
1 claiml premses an air

7 further comprises, in the invention of any one of claims 1
to 6, operation sifting means (15) for shifting the circuit
to heating cycle operation when the defrosting executing
means (11) completes the defrosting operation, so as to con-
trol the open/shut-off means (SV) to hold it open for a set
time in a heating cycle and then turn it closed while con-

trolling the expansion mechanism (5) to gradually open it to

a specified opening.

In each measure instituted in the invention according to
claims 8 and 14, the bypass passage (4a), the open/shut-off
means (SV) and the defrosting executing means (11) of claim 1
are substituted by respective other means. More specifically,
in a measure instituted in the invention according to claim
8, there is provided a bypass passage (4a), which is connect-
ed at one end thereof to the receiver (4) and at the other
end to a high-pressure side of the expansion mechanism (3) of
the refrigerant circuit (9), for introduting gas refrigerant
in the receiver (4) into the high-pressure side of the expan-
sion mechanism (5).

Further, there is provided selector means (V2) switcha-
ble between a bypass communication state in which the high-
pressure side of the expansion mechanism (5) is communicated

with the bypass passage (4a) and a main line communication



condi ti oner conpri'sing a refrigerant circuit (9) which has a main line

(9a) in which PhiskRIRHESHA! r .. a thermal -source- side heat exchanger (3),
an expansi on me 8Iy adj ust abl e i n opening and a used-si de
heat exchanger m'} m"ﬂ ntially connected and which is reversibly
operabl e betwe | e operation and heating cycle operation.

A receiver (4) is provided in a high-pressure liquid line of the main |ine

(9a) of the refrigerant circuit (9). There is provided a bypass passage

(4a), whichtasecmnacied td h NE dNETE Y1 ded &ﬁ%hree%?dp‘é%rsﬁﬁ)) m%rbqllaat the

other end to a lowpressure liquid line of the main |ine (9a) of the

refrigeraniighreyht 1§9£omfn851®é%%3' G kﬁr(ee;&ﬁaé}?—fpeggﬁpg 1ia\ﬁ@ (Pnd©

i ntroduce gas refrigerant in"the receiver
of the main line (9a).

In addition, there is provided defrosting executing
means (11Al1) for switching the selector means (V2) to the
bypass communication state and opening the expansion mecha-
nism. (5) according to a defrosting requiring signal and
executing defrosting operation.

On the other hand, in a measure instituted in the inven-
tion according to claim 14, there is provided a bypass pas-
sage (4a), which.is connected at one end thereof to the re-
ceiver (4) and at the other end to a low-pressure liquid line
of the main line (8a) of the refrigerant circuit (9), for by-
passing the expansion mechanism (5) to introduce gas refrig-
erant in the receiver (4) into the low-pressure liquid line.

Further, there is providéd selector means (V2) switcha-
ble between a bypass communication state in which the low-
pressure liquid line of the main line (9a) is communicated
with the bypass passage (4a) and a main line communication
state in which the low-pressure liquid line of the main line
(8a) is communicated with the low-pressure side of the expan-
sion mechanism (5).

In addition, there is provided defrosting executing
means (11A2) for switching the selector means (V2) to the
bypass communication state according to a defrosting requir-
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there is provided defrosting executing
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ing signal in the heating cycle operation and executing de-

frosting operation.

A measure instituted in the invention according to claim
9 comprises, instead of the initial control means (12) of the
invention of claim 2, initial control means (12A1) for out-
putting an iﬁitially closing signal to the defrosting execut-
ing means (11Al1) so that the expansion mechanism (5) holds a
fully closed state until a set time passes after the start of
the defrosting operation.

On the other hand, a measure instituted in the invention
according to claim 15 comprises, instead of the initial
control means (12) of the invention of claim 2, initial
control means (12A2) for outputting an initially closing
signal to the defrosting executing means (11A2) so that until
a set time passes after the start of the defrosting opera-
tion, the selector means (V2) holds the main line communica-

tion state and the expansion mechanism (5) holds a fully

closed state.

Further, a measure instituted in the invention according
to claim 10 comprises, instead of the wet condition control
means (13) of the invention of claim 3, wet condition control

means (13Al1) for outputting a fully closing signal to the

bypass passage (4a) is provided with open/shut-off

In



means (11) for meking the expansion nmechanism (5) fully closed and making
t he open/shut-off nmeans (SV) open according to a defrostin 1

signal in the heating cycle opera- tion and executing defrgg %ﬂﬁiﬁ”@ge jaced
in the reverse cycle. A nmeasure instituted in the inv 'ﬂﬁmﬂﬁﬂ”
according to claim 2 further conprises, in the invention of

initial control nmeans (12) for outputting an initially closing signal to

t he defrosting executing nmeans (11) so that the open/shut- off neans (SV)

i s closed aatkbsalﬁgt ckbBBtPAsSRe Akt €1 1hR§ st aha toftH GndIES ¥ A5t d PPt ed

operati on. measure Instituted In the i nvention according to claim
expansion valve (5) is fully closed when a refrigerant tem-

perature on a discharge side of the compressor (1) drops to
or below a specified temperature.

On the other hand, a measure ins%ituted in the inventioﬁ
according to claim 16 comprises, instead of the wet condition
control means (13) of the invention of claim 3, wet condition
control means (13A2) for outputting a fully closing signal
to the defrosting executing means (11A2) so that when a re-
frigerant temperature on a discharge side of the compressor
(1) drops to or below a specified temperature, the selector
means (V2) is switched to the main line communication state
and the expansion mechanism (5) is fully closed.

Furthermore, a measure instituted in the invention
according to claim 11 is so composed that, in the invention
of claim 10, the wet condition control means (13Al1) outputs a
fully closing signal to the defrosting executing means (11A1l)
so that the expansion mechanism (5) is opened after holding a
fully closed state for a set time, and then outputs an open-
ing holding signal to the defrosting executing means (11A1)
so that the expansion mechanism (5) holds the opened state
for a set time after fully closed.

Moreover, a measure instituted in the invention accord-
ing to claim 17 is so composed that, in the invention of
claim 18, the wet condition control means (13A2) outputs a
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3 further conprises, in the invention of claim1l, wet condi- tion control
means (13) for outputting a closing signal to the defrosting executing
means (11) so that the open/shut-off means ThiS¥eetlns Btengaplacalien a

refrigerant tenperature on a discharge S|de sor (1) drops to
or below a specified tenperature. din the
I nvention according to claim

Thu.s is the repl acenern sheet
Date: 3 CO OCT 5

switching signal to the defrosting executing means (11A2) so
that the selector means (V2) is switched to the bypass.commu—
nication state after the expansion mechanism (5) holds a
fully closed state for a set time, and then outputs a switch-
ing holding signal to the defrosting executing means (11A2)
so that the selector means (V2) holds for a set time the
bypass communication state switched from the main line commu-

nication state for a set time.

A measure instituted in the invéntion according to claim
12 comprises, instead of the superheating control means (14)
of the invention of claim 5, superheating control means
(14A1) for outputting a first and second switching signal to
the defrosting executing means (11Al) so that when a refrig-
erant temperature on a discharge side of the compressor (1)
rises to or above a specified temperature, the selector means
(V2) is first switched to the main line communication state
and then switched again to the bypass communication state.

On the other hand, a measure instituted in the invention
according to claim 18 comprises, instead of the superheating
control means (14) of the invention of claim 5, superheating
control means (14A2) for outputting a first and second
switching signal to the defrosting executing means (11A2) so

that when a refrigerant temperature on a discharge side of
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4 is so conposed that, in the invention of claim3, the wet condition
control neans (13) outputs a cIOS|ng si gnal so that the open/shut-off

means (SV) becones an opened st eﬂ’ tig a closed state for a set
time, and then outputs an openi nal to the defrosting
executing neans (11) so that t f means (SV) holds the opened

state

for a set tinme after cl osed. A measure instituted in the

i nvention according to claim 5 further conprises, in the invention of

claim1,

signals for

stiber dempressdg CONtF Ode BENSO K lfbovera YpaRUlilelg tedPRIGItIMR
the selector means (V2) is first switched to the main line
communication state while the expansion mechanism (5) is
opened and then the selector means (V2) is switched again to
the bypass communication state.

A measure instituted in tﬁe invention according to claim
13 is so composed that, in the invention of c¢laim 12, the
superheating control means (14A1l) outputs a switching holding
signal to the defrosting executing means (11A1l) so that the
selector means (V2) holds for a set time the bypass communi-
cation state switched from the main line communication sfate.

Further, a measure instituted in the invention according
to claim 19 is so composed that, in the invention of claim
18, the superheating control means (14A2) outputs é switching
holding signal to the defrosting executing means (11A2) so
that the selector means (V2) holds for a set time the bypass

communication state switched from the main line communication

state.

- Operations -

Under the above structure, in the invention according to
claim 1, when the defrosting executing means (11) starts
defrosting operétign in a reverse cycle according to a de-
frosting requiring signal, it makes the open/shut-off means
(SV) open while making the expansion mechanism (5) fully

11
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t he defrosting-executing nmeans (11) so that when a refriger- ant
tenperature on a dlschar e side of the conpressor (1) rises to or above a

speci fi hc e expansion rmechanism (5) is opened to a
specifie hen closed into a fully closed state. A
measure i he I nvention according to claim 6 is so conposed

that, in the |nvent|on of claimb5, the superheating control neans (14)
outputs a full-close holding signal to the defrosting executing neans (11)
so that the expansion nechanism (5) holds the fully closed state for a

set time agiesed®pened and cl osed. A neasure instituted in the

I nvention according to claim -

Otherwise, in the invention according to claim 8, the
defrosting executing means (11A1) switches the selector means
(V2) to the bypass communication state and fully opens the
expansion mechanism (5). Alternatively, in the invention
according to claim 14, the defrosting executing means (11A2)
switches the selector means (V2) to the bypass communication
state. Then, in such conditions the defrosting executing
means (11, 11A1, 11A2) circulates gas refrigerant in the
receiver (4) into the main line through the bypass passage

(4a) thereby executing defrosting operation.

Further, at the initial stage of the defrosting opera-
tion, the open/shut-off means (SV) is closed in the invention
according to claim 2, while the selector means (V2) is
switched to the main line communication state and the expan-
sion mechanism (5) is fully closed in the invention according
to claims 9 and 15. In other words, both the main line (9a)
and the bypass passage (4a) are shut off thereby preventing

turning back of liquid refrigerant from the receiver (4).

Then, in the case where a refrigerant temperature on a
discharge side of the compressor (1) drops to or below a

specified temperature in the defrosting operation, the
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6 7 further conprises, in the invention of any one of clains 1 to 6,
operation sifting neans (15) for shifting the circuit to heating cycle
operation when the defrosting executing means (11) conpletes the

defrosting operation, so as to con- trol the open/shut-off means (SV) to
hold it open for a set time in a heating cycle and then turn it closed
whi | e con- trolling the expansi on nechanism (5) to gradually open it to

a speci fied openi ng.
open/shut-off means (SV) is closed in the invention according

to claim 3, while the selector means (V2) is switched to the
main line communication state and the expansion mechanism (5)
is fully closed in the invention according to claims 10 and
16. In other words, since liquid refrigerant in the receiver
(4) may turn back to the compressor (1), both the main line
(9a) and the bypass passage (4a) are shut off thereby pre-
venting turning back of liquid refrigerant from the receiver
(4).

Subsequently, in the invention according to claim 4, the
open/shut-off means (SV) is held in an opened state for a set
time after it is ciosed. Otherwise, in the invention accord-
ing to claim 11, the selector means (V2) is switched from the
main line communication state to the bypass communication
state and the expansion mechanism (5) is held in an opened
state for a set time. Alternatively, in the invention accord-
ing to claim 17, the selector means (V2) is switched from the
main line communication state to the bypass communication
state and is held in this state for a set time. In other
words, it is prevented to excessively exeéﬁpe opening/clos-
ing operation of the open/shut-off means (SV) and the expan-
sion mechanism (5) and switching operation of the selector

means (V2), thereby avoiding operation in superheated condi-

tion of the compressor (1).

is Sheet Has Been RTlaced
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In each neasure instituted in the invention according to

t he bypass passage (4a), the open/shut-off neans (SV) and the defrostl

executing neans (11) of claim1l are substituted by respect
More specifically, in a nmeasure instituted in the |nvent|on
claim 8,

there is provided a bypass passage (4a), which is

one end thereof to the receiver (4) and at the other end to a
hi gh- pressure side of the expansi on nmechanism (5) of the refrigerant
circuit (9), for introducing gas refrigerant in the receiver (4) into the

hi gh-pressure siecipd &bige £XRaRG, §ﬁ09hém€§§@'§ﬂé£é)a refrigk¥hbRerred-here
i s provided sel ector means (V2) switcha-

perature on a discharge side of the compressor (1) rises to
or above a specified temperature in the defrosting operation,
the expansion mechanism (5) is opened in the invention ac-
cording to claim 5, the selector means (V2) is switched to
the main line communication state and then switched back to
the bypass communication state in the invention according to
claim 12, or otherwise in the invention according to claim 18
the selector means (V2) is switched to the main line communi-
cation state while the expansion mechanism (5) is opened and
then the selector means (V2) is switched back to the bypass
communication state. In other words, liquid refrigerant in
the receiver (4) is turned back so that the superheated re-
frigerant temperature is decreased, thereby preventing opera-
tion in superheated condition of the compressor (1).
Subsequently, the expansion mechanism (5) is held in the
fully closed state for a set time after opened and closed in
the invention according to claim 8, while the selector means
(V2) is held in the bypass communication state switched from
the main line communication state for a set time in the
invention according to claims 13 and 19. In other words, it
is prevented to excessively execute opening)closing operation
of the expansion mechanism (5) and switching operation of the

selector means (V2), thereby avoiding operation in wet condi-

14

clai s 8 -and 14,
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bl e between a bypass comruni cation state in which the high- pressure side

of the expansion nechanism (5) is comunicated,, | 'tm he b gss, passage
(4a) and a main |ine comunication Jhis Shect Fe
hi gh- pressure side of the expansi on nmecha- ni511 II H icated with

the high-pressure liquid line of the main |ine addi tion,

there is provided defrosting executing neans (11A1) for swtching the
sel ector nmeans (V2) to the

tion of the compressor (1).

Thereafter, in the invention according to claim 9, when
the defrosting operation is completed, the open/shut-off
means (SV) is held in an opened state for a set time and is
then closed while the expansion mechanism (5) is gradually
opened, thereby preventing turning back of liquid refrigerant
while ensuring the minimum circulation amount of refrigerant,

so that heating cycle operation is restarted.

- Effects -

According to the invention of each of claims 1, 8 and
14, since gas refrigerant in the receiver (4) is introduced
into the main line (9a) through the bypass passage (4a) 1in
the defrosting operation, when liquid refrigerant condensed
in the thermal-source-side heat exchanger (3) is stored into
the receiver (4) in the case of heavy frost, low open-air
temperature or short refrigerant piping, liquid refrigerant
in the receiver (4) can be securely prevented from turning
back to the compressor (1) without provision of any accumula-
tor. As a result, operation in wet condition of the compres-
sor (1) is securely prevented so that the compressor (l) is
subjected to no stress, thereby enhancing reliability of the
compressor (1).

Further, since no accumulator is needed, pressure loss

15



bypass conmuni cation state and openi ng the expansi on mecha- nism (5)
according to a defrosting requiri mgsSHegat Banleplasdecut i ng defrosting
operati on. On the ot her hand, instituted in the inven-
tion according to claim14, there i ypass pas- sage (4a),
which is connected at one end there 0 re- ceiver (4) and at the
other end to a lowpressure liquid line of the main line (9a) of the
refrigerant circuit (9), for by- passing the expansion nmechanism(5) to
i ntroduce gas refrig- erant in the receiver (4) into the | ow pressure

liquid lingan be deEFéhQ@ﬁ’tBQ?éSyiénH&HHiHES%?§t§€%gﬁlﬁ@@ﬁér&gg%e?mﬁ gha-

bl e between a bypass comruni cation state In ow pressure liquid

l'ine of th%hgﬁhﬁmhg@eo@g%héﬁ%d%§“2¥g(¥§&§%ed thereby resulting in cost

reduction.

According to the invention of each of claims 2, 9 and
15, since both the main line (9a) and the bypass passage (4a)
are shut off at the initial.stage of the defrosting opera-
tion, it can be securely prevented that liquid refrigerant in
the receiver (4) flows into the thermal-source-side heat
exchanger (3) and the used-side heat exchanger (6) due to
variation in pressure of the refrigerant circuit. Thus,
turning back of liquid refrigerant to the compressor (1) can
be prevented and a condensation area in the thermal-source-
side heat exchanger (3) can be sufficiently ensured, so that

defrosting performance can be increased.

According to the invention of each of claims 3, 10 and
16, since both the main line (Sa) and the bypass passage (4a)
are shut off when a refrigerant temperature on a discharge
side of the compressqr (1) drops in the defrosting operation,
liquid refrigerant on a suction side of the compressor (1)
can be evaporated. Consequently, turning back of liquid
refrigerant can be prevented so that operation in wet condi-

tion of the compressor (1) can be securely prevented, thereby

18



wi th--t-he bypass passage (4a) and a main |line communication state in which
the lowpressure liquid line of the main line (9a) is comunicated with

t hEhi A5 laggdde of the expan- sion mechani sm(5). | n addition,
thei Im | mfdefrosti ng executing neans (11A2) for switching the

sel ) to the bypass conmunication state according to a
defrosting requir- 7

further enhancing reliability of the compressor (1).

Further, according to the invention of each of claims 4,
11 and 17, g;nce communication with the bypass passage (4a)
is held for a set -time after both the main line (9a) and the
bypass passage (4a) are shut off, the compressor (1) can be
prevented in advance from operation in superheated condition
due to frequent shutting-off control of the refrigerant
circuit.

According to the invention of each of élaims 5, 12 and
18, when a refrigerant temperature on a discharge side of the
compressor (1) rises in the defrosting operation, the expan-
sion mechanism (5) is opened and communication is established
in the main line (9a). Thus, liquid refrigerant is turned
back to cool down superheated refrigerant on a suction side
of the compressor (1), so that operation in superheated
condition of the compressor (1) can be securely prevented
thereby.further enhancing reliability of the compressor (1).

Fﬁrther, according to the invention of each of claims 86,
13 and 19, since communication with the bypass passage (4a)
is held for a set time once the expansion mechanism (5) is
opened, the compressor (1) can be prevented in advance opera-

tion in wet condition due to frequent communication control

of the main line (9a).

According to the invention of claim 7, when the defrost-
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ing signal in the heatlng cycle operatlon and executing de- frosting

oper ati on. M£ﬂﬁﬂB€m °F uted in the invention according to claim
9 conpri ses, inste control neans (12) of the invention of
claim2, initial co 2A1) for out- putting an initially
closing signal to t e rostlng execut- ing neans (11Al) so that the
expansi on nechanlsn1(5) holds a fully closed state until a set tine passes
after the start of the defrosting operation. On the other hand, a

nmeasure instituted in the invention according to claim15 conprises,
instead of ihgeopRirdtdlon is completed, the open/shut-off means (SV) is

opened and the expansion mechanism (5) is gradually opened.
Since this ensures the minimum circulation émount of refrig-
erant at the shift to heating operation, heating performance
can be increased. Further, since turning back of liquid
refrigerant to the compressor (1) can be prevented, operation
in wet condition of the compressor (1) can be prevented while

dilution of lubricating oil in the compressor (1) can be

prevented.

[BRIEF DESCRIPTION OF DRAWINGS]

Fig. 1 is a block diagram showing the structure of the
present invention.

Fig.'z is a refrigerant circuit diagram showing an
embodiment of the invention according to claims 1 to 7.

Fig. 3 is a schematic diagram showing a receiver.

Fig. 4 is a timing chart showing the control of defrost-
ing operation.

Fig. 5 is a refrigerant circuit diagram showing another
embodiment of the invention according to claims 1 to 7.

Fig. 6 is a refrigerant circuit diagram showing an
embodiment of the invention according to claims 8 to 13.

Fig. 7 is a refrigerant circuit diagram showing an

embodiment of the invention according to claims 14 to 19.
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control neans (12) of the invention of claim2, initial control means
(12A2) for outputting an initially closing signal to the dm‘ssthaalfeenREPlaced

executing neans (11A2) so that until a set tinme passes aftef
the defrosting opera- tion, the selector nmeans (V2) holds t

communi ca- tion state and the expansion nechanism (5) holds a tully

cl osed state. Further, a neasure instituted in the invention
according to claim 10 conprises, instead of the wet condition control
means (13) of thigi ¥ehsi anrefrikaran8, cietutondibgoancehbmihg nather13Al)

for outputting a fully closing signal to the
embodiment.

[BEST MODE FOR CARRYING OUT THE INVENTION]
Below, embodiments of this invention will be described
with reference to the drawings.
- Embodiment 1 -
Fig. 2 shows a refrigerant piping system of an air
conditioner applying this invention, which is a so-called se-
parate type one in which a single indoor unit (B) is connect-

ed to a single outdoor unit (A).

The outdoor unit (A) comprises a compressor (1) of
scroll type to be variably adjusted in operational frequency
by an inverter, a four-way selector valve (2) switchable as
shown in a solid line of Fig. 2 in cooling operation and in a
broken line of Fig. 2 in heating operation, an outdoor heat
exchanger (3) as a thermal-source-side heat exchanger which
functions as a condenser in cooling operation and as an
evaporator in heating operation, and a pressure reduction
part (20) for reducing refrigerant in pressure. The outdoor
heat exchanger (3) is provided with an outdoor fan (3f).

In the indoor unit (B), there is disposed an indoor heat
exchanger (6) as a used-side heat exchanger which functions
as an evaporator in cooling operation and as a condenser in
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defrosting executing neans (11Al) so that the nDt0T=operated expansi on

valve (5) is fully closed when a refrlge an r tére on a discharge
side of the conpressor (1) drops to t enper at ur e.
On the other hand, a neasure |nst|tuted [ according to

claim 16 conprises, instead of the wet co means (13) of the
I nvention of claim3, wet condition control neans (13A2) for outputting a

fully closing signal to the defrosting executing neans (11A2) so that when
are-

heating operation. The indoor heat exchanger (8) is provided
with an indoor fan (6f).

The compressor (1), the four-way selector valve (2), the
outdoor heat exchanger (3), the pressure reduction part (20)
and the indoor heat exchanger (6) are sequentially connected
through refrigerant piping (8), thereby forming a refrigerant

circuit (9) in which circulation of refrigerant causes heat

transfer.

The pressure reduction part (20) includes a bridge-like
rectification circuit (8r) and a common passage (8a) connect-
ed to a pair of connection points (P, Q) of the rectification
circuit (8r). In the common passage (8a), there are arranged
in series a receiver (4), which is placed in an upstream-side
common passage (8X) serving as a high-pressure liquid line at
any time, for storing liquid refrigerant, an auxiliary heat
exchanger (3a) for outdoor heat exchanger (3), and a motor-
operated expansion valve (5) freel& adjustable in opening,
which serves as an expansion mechanism having a function of
reducing liquid refrigerant in pressure and a function of
adjusting a flow rate of liquid refrigerant.

Another pair of éonnection points (R, S) of the rectifi-
cation circuit (8r) are connected to the indoor heat ex-

changer (8) side of the refrigerant piping (8) and the out-
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frigerant tenperature on a discharge side of the conpressor (1) drops to
or below a specified tenperature, the sehﬁﬁmﬂﬁﬂmmkanem @) is switched to
the main line communication state and th chanlsn1(5) is fully
cl osed. Furt hernore, a measure inst i nvention according
to claim1l is so conposed that, in the i |on claim 10, the wet
condition control neans (13Al) outputs a fully cIOS|ng signal to the
defrosting executing neans (11Al1) so that the expansion nmechanism(5) is
opened aft@oohohdang excHdigar c{ ®pedigtabe frore a sfiidd mEntapdptihgn (@it put s
an open- ing holding signal to the defrosting executi.ng neans (1Al) so
that the expa éb@nv@ﬁi@hammé s W died Ne pPERefigbat 8a)f 90 dn3eth tiye

after fully closed

compressor (1), the four-way selector valve (2), the outdoor
heat exchanger (3), the rectification.circuit (8r) and the
common passage (8a)'are sequentially connected and the
rectification circuit (8r), the indoor heat exchanger (86),
the four-way selector valve (2) and the compressor (1) are
sequentially connected.

Further, the rectification circuit (8r) is provided
with: a first inflow passage (8bl) which connects the up-
stream-side connection point (P) of the common passage (8a)
to the connection point (S) on the outdoor heat exchanger (3)
side and has a first non-return valve (D1) for allowing
refrigerant to flow only in a direction from the outdoor heat
exchanger (3) to the receiver (4); a second inflow passage
(8b2) which connects the upstream-side connection point (P)
of the comménfpassage (8a) to the connection point (R) on the
indoor heat exchanger (6) side and has a second non-return
valve (D2) for allowing refrigerant to flow only in a direc-
tion from the indoor heat exchanger (8) to the receiver (4);
a first discharge passage (8cl) which connects the down-
stream-side connection point (Q) of the common passage (8a)
to the connection point (R) on the indoor heat exchanger (8)
side and has a third non-return valve (D3) for allowing
refrigerant to flow only in a direction from the motor-oper-
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Moreover, a neasure instituted in the invention accord- ing to claim1l7 is
so conposed that, in the invenfy®Redpfias HebPddladf: the wet condition control
nmeans (13A2) outputs a signal to the defrosting
executing neans (11A2) so that“’ﬂﬂ Iuﬂ EMﬂl’maans (V2) is switched to the
bypass conmu- nication state a si on nmechani sm (5) holds a
fully closed state for a set tine, and then outputs a switch-

ated expansion valve (5) to the indoor heat exchanger (8);
and a second discharge passagé (8¢c2) which connects the
downstream-side connection point (Q} of the common passage
(8a) to the connection point (S) on the outdoor heat exchang-
er (3) side and has a fourth non-return valve (D4) for allow-
ing refrigerant to flow only in a direction from the motor-

operated expansion valve (5) to the outdoor heat exchanger

(3).

Between both the connection points (P, Q) of the common
passage (8a) of the rectification circuit (8r), a liquid seal
preventing bypass passage (8f) provided with a capillary tube
(C) is formed. The liquid seal preventing bypass passage (8f)
prevents liquid seal at the deactivation of the compressor
(1). Further, between the upper part of the receiver (4) and
a part of the downstream-side common passage (8Y) which is
located on a downstream side of the motor-operated éxpansion
valve'(s) and sefves as a low-pressure liquid line at any
time, there 1is provided an open/shut-off valve (SV) as
open/shut-off means connected to a bypass passage (4a) for
bypassing the motor-operated expansion valve (5), thereby
venting gas fefrigerant stored in the receiver (4).

In detail, as shown in Fig. 3, the receiver (4) is

connected at a body casing (41) thereof to the upstream-side
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swtchedfrom
A neasure |nst i nvention according to claim 12 conpri ses,

i nstead of the superheating control means (14) of the invention of claim
5, superheating control neans (14Al1) for outputting a first and second
switching signal to the defrosting executing neans (11Al) so that when a
refrig- eomnort erysesaricr (@00, ackl SCoved ger sdnles iafe tdemmenppessage( 1BY)ri ses
to or above a specified tenperature, the selector neans (V2) is first

swi t ched tagqd hhdTBiybdd N £LHLARK €24 § ONTSE 2§ Swnstream-side common pas-

I ng hol di ng Si gnalﬁ ipﬁepqiaeédr osting executing neans (11A2) so that the

sel ect or a set tine the bypass conmmunication state
commu- nication state for a set time.

sage (8Y) is introduced into an inner bottom part of the body
casing (41) in order that liquid refrigerant is discharged
therefrom. The bypass passage (4a) is connected to the upper
part of the body casing (41) in order fhat gas refrigerant is

discharged therefrom.

The degree of pressure reduction of the capillary tube
(C) is set at a sufficiently larger value than the motor-
operated expansion valve (5) so that the motor-operated
expansion valve (5) adequately maintains the function of
adjusting a flow rate of refrigerant in normal operation.

(F1 to F4) indicate filters for removing dusts from
refrigerant, and (ER) indicates a silencer for reducing

operational sound of the compressor (1);

The air conditioner is provided with various sensors.
(Thd) is a discharge pipe sensor, which is disposed in a
discharge pipe of the compressor (1), for sensing a dis-
charge-pipe temperature Td as a refrigerant temperature on a
discharge side of the compressor (1). (Tha) is an outdoor
inlet sensor, which is disposed in an air inlet of the out-
door unit (A), for sensing an outdoor-air temperature Ta as
an open-air temperature. (Thc) is an outdoor heat-exchange
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and then sw tched agaln to the by as comuni cati on state. On the

ot her hand, a neasurbis he invention according to claim18
conpri ses, instead of ing control neans (14) of the invention
of claimb5, superheat ans (14A2) for outputting a first and
second sw tching signal to the defrosting executing neans (11A2) so that
when a refrigerant tenperature on a di scharge side of t he

conpressor (1) rises to or above a specified tenperature, the selector

means (V2) is first switched to the main line
sensor, which is disposed in the outdoor heat exchanger (3),
for sensing an outdoor heat-exchange temﬁerature Tc as a
condensation temperature in cooling operation and as an
evaporation temperature in heating operation. (Thr) is an
indoor inlet sensor, which is disposed in an air inlet of the
indoor unit (B), for sensing an indoor-air temperature Tr as
a rocom temperature. (The) is an indoor heat-exchange sensor,
which is disposed in the indoor heat exchanger (6), for
sensing an indoor heat-exchange temperature Te as an evapora-
tion temperature in cooling operation and as a condensation
temperature in heating operation. (HPS) is a high-pressure-
control pressure switch for sensing a pressure of high-pres-
sure refrigerant and turning on at the excessive rise in
pressure of high-pressure refrigerant to output a high-pres-
sure signal..(LPS) is a low-pressure-control pressure switch
for sensing a pressure of low-pressure refrigerant and turn-
ing on at the excessive drop in pressure of low-pressure
refrigerant to output a low-pressure signal.

Respective output signals of the sensors (Thd to The)
and the switches (HPS, LPS) are inputted'into a controller
(10). The controller (10) is so composed as to control air
conditioning according to the input signals.

In the above-mentioned refrigerant circuit (9), circula-

tion of refrigerant in cooling operation is made in the
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communi cation state while the expansion mechanism(5) is opened and then -
the selector neans (V2) is switched again to the bypassTmesﬁmMiéféeLﬁQpl
i

state. A neasure instituted in the invention accordi K1
i's so conmposed that, in the invention of claim12, the s [mg lﬂ#m"
control neans (14Al) outputs a switching holding signal t ng
executing neans (11Al1) so that the selector neans (V2) holds for a set

time the bypass comuni- cation state switched fromthe main line

communi cat i@l 154wl €g manne rFUTRdEF 1 g &r FRASYE dotddf 46§91 hn thide Juwenson
according to claim19 is so conposed that, in the invention of claim 18,

the super Ngabing aalidl: TANS A%, R P Gude S04 1 T 401 a "PLAL DZeBhRRA!

to the defrosting executing neans (11A2) so :
thus liquefied flows through the first non-return valve (D1)
from the first inflow passage (8bl), is then stored in the
receiver (4), is reduced in pressure by the motor-operated
expansion valve (5), flows through the first discharge pas-
sage (8cl), and is evaporated in the indoor heat exchanger
(6). Refrigerant thus evaporated returns to the compressor
(1). On the other hand, circulation of refrigerant in heating
operation is made in the following manner. Refrigerant is
condensed in the indoor heat exchanger (8) so as to lique-
fied. Liquid refrigerant thus liquefied flows through the
second non-return valve (D2) from the second inflow passage
(8b2), is then stored in the receiver (4), is reduced in
préssure by the motor-operated expansionlvalve (5), flows
through the second discharge passage (8c2), and is evaporated
in the outdoor heat exchanger (3). Refrigerant thus evaporat-
ed returns to the compressor (1).

The controller (10) sections an operational frequency of
the inverter into 20 steps N from zero to the maximum- fre-
quency, controls the capacity of the compreésor (1) by find-
ing out each frequency step N so that the discharge-pipe
temperature Td becomes an optimum discharge-pipe temperature,
and controls the opening of the motor-operated expansion
valve (5) so that the discharge-pipe temperature Td becomes
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that the selector means (V2) holds for a set tine the bypass comunication
state switched fromthe main |ine COMBISH-63ad Bdadn REJREdE. -

Qperations - Under the above st i nvention according to
claim1l1, when the defrosting executi n%]ﬂﬂﬁﬂ"lﬂmn arts defrosting
operation in a reverse cycle accordin - sting requiring signal
It makes the open/shut-off neans (SV) open while nmaking the expansion

mechani sm (5) fully 11

an optimum discharge-pipe temperature.

The controller (10) has, as a feature of this invention,
a defrosting executing means (11), an initial control means
(12), a wet condition control means (13), a superheating
control means (14) and an operation shifting means (15).

The defrosting executing means (11) is so composed as to
make the motor-operated expansion valve (5) fully closed and
make the open/shut-off valve (SV) open acéording to a de-
frosting requiring signal outputted when the refrigerant
circuit (9) becomes specified conditions and to execute de-
frosting operation in the reverse cycle.

For example, the controller (10) memorizes the sum of
heating performance from the start of heating operation after
the end of defrosting operation, divides the sum of heating
performance by the period of time that a heating operation
period after the end of defrosfing operation'and a defrosting
operation period to be preliminary expected are added to
calculate a mean value of heating performance, and outputs a
defrosting requiring signal when the mean value of heating
performance is below the last-time mean value of heating
performance.

In any one of the case that the frequency step N of the

compressor (1) drops to 8, the case that the discharge-pipe

28



12 cl osed. Ihmsﬁkﬁ%£%% &enll dthe I nvention according to claim8, the
defrosting executl swtches the selector neans (V2) to the
bypass conmuni catl mﬁﬂw HE ully opens the expansion mechanism (5).
Alternatively, in according to claim 14, the defrosting
executing neans (11A2) switches the selector neans (V2) to the bypass
communi cation state. Then, in such conditions the defrosting executing
nmeans (11, 11A1, 11A2) circulates gas refrigerant in the

temperature Td rises above 110°C and the case that the de-

frosting operation period becomes longer than 10 minutes, the

defrosting executing means (11) completes the defrosting

operation.

The initial control means (12) outputs an initially
closing signal to the defrosting executing means (11), until
a set time passes from the start of the defrosting operation,
e.g., until 15 seconds pass, so as to make the open/shut-off

valve (SV) closed, thereby closing the refrigerant circuit

(9) for 15 seconds.

The wet condition control means (13) outputs a closing
signal for closing the open/shut-off valve (SV) to the de-
frosting executing means (11), so that when the discharge-
Pipe temperature Td of the compressor (1) drops below a
specified temperature, e.g., 85°C, the open/shut-off wvalve
(SV) holds a closed state for a set time and then becomes an
opened state, e.g., for 20 seconds. Further, the wet condi-
tion control means (13) outputs an opening holding signal to
the defrosting executing means (11) so that the open/shut-off
valve (SV) holds for a set time the opened state after
closed, e.g., so that the open/shut-off valve (SV) holds the
opened state for 30 seconds by activating a timer for 50
seconds after the output of the closing signal.
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receiver (4) into the main line through the bypass passage (4a) thereby
executing defrosting operation. urther at the initial stage of

the defrosting opera- tion, the opeﬂw edSV) is closed in the
i nvention according to cIa|n12 whi |l e m means (V2) is swtched
to the main |line comunication state a si on nmechanism (5) is
fully closed in the invention according to clains 9 and 15. In other
words, both the main line (9a) and the bypass passage (4a) are shut off

t hereby preventing turning back of liquid refrigerant fromthe receiver
(4). Then, in the case where a refrigerant tenperature on a

The superheating control means (14) outputs respective
signals for opening and closing the motor-operated expansion
valve (3) to the defrosting executing means (11), so that
when the discharge-pipe temperature Td of the compressor (1)
rises above a specified temperature, e.g., 90°C, the motor-
operated éxpansion valve (5) is opened to a specified opening
and then closed into a fully closed state. In other words,
the superheating control means (14) once opens the motor-
operated expansion valve (5) of a fully closed state to a
partially opened state of 200 pulses, in which a fully opened
state of the motor-operated expansion valve (5) is indicated
as 480 pulses, and then fully closes it. Further, the super-
heating control means (14) outputs a full-close holding
signal to the defrosting executing means (11) so that the
motor-operated expansion valve (5) holds for a set time a
fully closed state after opened and closed. In detail, the
superheating controllmeans (14) activates the timer for one
minute after the output of the opening and closing signals

and prohibits the second and later times opening/closing

operations until one minute passes.

The operation shifting means (15)'executes the shift

from defrosting operation to heating cycle operation when the
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di schar ge side ®f; shhenswrigsaes (1) drops to or below a specified
tenperature in t ' oper ati on, t he

13 open/ shut EE‘BE‘EM‘BE is closed in the invention according to
claim3, while t ans (V2) is switched to the main |ine
conmmuni cation state and the expansi on nmechani sm (5) is fully closed in
the invention according to clains 10 and 16. In other words, since liquid
refrigerant in the receiver (4) may turn back to the conpressor (1), both
the main |d@erosting executing means (11) completes defrosting opera-

tion, so as to control the open/shut-off valve (SV) to hold
it open for a set time in a heating cycle and then turn it
closed while controlling the motor-operated ekpansion valve
(5) to gradually open it to a specified opening. In detail,
the operation shifting means (15) opens the open/shut-off
valve (SV) for two minutes after the completion of defrosting
operation and then closes it, while executing gradually
opening control of the motor-operated expansion valve (5) for
three minutes after the completion of defrosting operation in
such a manner as to once open the motor-operated expansion
valve (5) of a fully closed state to 80 pulses, hold it in
the partially opened state for 10 seconds, and then open it
by 2 pulses in every five seconds or open it by 1 pulse in

every 10 seconds when the outdoor-air temperature Ta is 23 °C

or less.

~ Defrosting operation in Embodiment 1 -

Next, description will be made about controls of de-
frosting operation of the air conditioner above-mentioned,
with reference to a timing chart of Fig. 4.

First, in heating cycle operation, the four-way selector
valve (2) is turned to an ON state as shown from a point a to
point b, that is, switched to the broken line shown in Fig.
2, Fo fuzzy-control the opening of the motor-operated expan-
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(9a) and the bypass passage (4a) are shut off thereby pre- venting
turning back of |iquid refritggtmeind Bednreheed €CEI Ver (4).

Subsequently, in the inventio claim4, the open/shut-off
means (SV) is held in an opengmiﬂiﬁ IEHIH set time after it is closed.

QO herwi se, in the invention a - claim1l, the selector neans
(V2) is swwtched fromthe main |line communication state to the bypass
comuni cation state and the expansi on nmechanism (5) is held in an opened
state for a set tine. Alternatively, in the invention accord- ing to claim

17, the sglesloaiyBans) (423 tite SWLGRGHS TOMA e of ik |ddih AN CAY T On

state to the bypass comuni cati on tate and i1 s In thi's state for a
set t!ne'sgnagt@%'be an optimum discharge-pipe temperature, thereby

performing heating operation.

At the point b, the controller (10) outputs a defrosting
requiring signal according to a mean value of heating per-
formance. When the defrosting requiring signal is outputted,
defrosting operation waits until pfeparation of defrosting
operation in the indoor unit (B) is completed at a point c,
e.g., until treatment on a heater or the like is completed,
the low-pressure-control pressure switch (LPS) is masked and
then defrosting operation further waits for 35 seconds to a
point d, i.e., to the time that the frequency step N of the

compressor (1) to switch the four-way selector valve (2),

which is 8, comes.

Thereafter, from the point d, fully closing operation
for making the opening of the motor-operated expansion valve
(5) into O pulse is started and liquid refrigérant stored in-
the outdoor heat exchanger (3) is recovered. When the time
sufficient for fully closing the motor-operated expansion
valve (5) has passed, the indoor fan (6f) is deactivated at a
point e and heat storége in the indoor heat exchanger (8) 1is
executed with high-pressure refriéerant.

This heat storage operation is completed when it has
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words, it is prevented to excessively gxecute opening/clos- ing operation
of the open/shut-off neans (SV) and t he| BRBAGes S agpdchani sm (5) and
switching operation of the selector ne u i ,eby avoi di ng operation
i n superheated condi- tion of the conp On the
other hand, in the case where a refrigerant tem perature on a discharge

side of the conpressor (1) rises to or above a specified tenperature in
t he defrosting operation,

been executed for at most 10 seconds, when the indoor heat-

exchange temperature Te rises above 35 °C, when the outdoor
heat-exchange temperature Tc drops below -30°C, or when the
present outdoor heat-exchange temperature Tc drops 4°C more
than the outdoor heat-exchange temperature Tc at the time
before the heat storage is started (See a point ).

At this point f, the defrosting executing means (11)
deactivates the outdoor fan (3f), switches the four-way
selector valve (2), i.e., switches according to the defrost-
ing requiring signal the four-way selector valve (2) as shown
in the solid line of Fig. 2 to set it to a cooling cycle, and
feeds to the outdoor heat exchanger (3) high-temperature
refrigerant discharged from the compressor (1) to start

defrosting operation in the reverse cycle.

As a feature of this invention, when the defrosting
operation is started, the defrosting executing means (11)
ordinarily closes the motor—operated expansion valve (5) into
a fully closed state of 0 pulse and opens the open/shut-off
valve (SV), thereby shutting off the common passage (8a) and
opening the bypass passage (4a). However, since the initial
control means (12) outputs an initially closing signal, the
open/shut-off valve (SV) is closed so that the common passage
(8a) and the bypass passage (4&) are shut off unﬁil 15 sec-

onds passes.
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t he expansi on nmechanism (5) is opened in the invention ac- cording to
claimb5, the selector nmeans (V2) is switched to the main |line

comuni cat i on 78k 8kt R BednR@facsM t ched back to the bypass communi cation
state in the in [ ing to claim112, or otherwise in the

I nvention accorHW ﬂ!“@[gﬂww the selector neans (V2) is swtched to the
mai n |ine conmunt= ate while the expansion nmechanism (5) is
opened and then the selector neans (V2) is switched back to the bypass
conmuni cation state. In other words, liquid refrigerant in the receiver

(4) 1s turned backesaihNalsuliRensyBeLReahed dfir -y &1l dEMRer A Ul f% IS

decreased, thereby preventing opera- tion in supérheated condition of the

compressol obbrses theSPPRRMEN ! X5 kRS vTHARY OF WFAUSILLR) 1S figld in

t he

refrigerant circuit (9) to make the refrigerant pressure in
the receiver (4) higher than the respective refrigerant
pressures in the outdoor heat exchanger (3) and the indoor
heat exchanger (86). If under such conditions the motor-
operated expansion valve (5) and the open/shut-off valve (SV)
remain opened, liquid refrigerant of high-temperature and
high-pressure flows through the outdoor heat exchanger (3)
and the indoor heat exchanger (6). Further, in such a case,
liquid refrigerant is evaporated in the indoor heat exchanger
(8), and refrigerant thus evaporated expels liquid refriger-
ant from the indoor heat exchanger (8) so that liquid refrig-
erant excessively flows into the compressor (1), while liquid
refrigerant flowing into the outdoor heat exchanger (3)
reduces a condensation area. As a result, defrosting perform-
ance is reduced. To solve this problem, aé mentioned above,
the motor-operated expansion valve (5) and the open/shut-off
valve (SV) are closed thereby preventing the discharée of
liquid refrigerant from the receiver k4).

Thereafter, when 15 seconds has passed, the defrosting
executing means (11) opens the open/shut-off wvalve (SV) at a
point g to execute ordinary defrosting operation and gradual-

ly increases the operational frequency N of the compressor
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fully closed state for a set tinme after opened and closed in the invention
according to claim6, while the selector neans (V2) is held in the bypass
comuni cation state switched from the main |line communi cation.state for. a
set tinme in the invention according to clainms 13 and 19. In other words,

it is prevented to excessively execute opening/cl osing opBisfheedHas Bgén Replaced

expansi on mechani sm (5) and sw tching operation of the sel ﬁ" m I“ﬁﬁmll Ill

(V2), thereby avoiding operation in wet condi-
Then, refrigerant discharged from the compressor (1) is

(1) .

condensed in the outdoor heat exchanger (3) to dissolve frost
and flows into the receiver (4). From the receiver (4), gas
refrigerant flows into the indoor heat exchanger (8) via the
bypass passage (4a) and returns to the compressor (1). By

such circulation of refrigerant, defrosting operation is

executed.

Subsequently, when the discharge-pipe temperature Td
rises above 90°C in the defrosting operation, between a
point h and a point i the superheating control means (14)
outputs respective signals for opening and closing the
motor-operated expansion valve (5) to once open the motor-
operated expansion valve (5) to 200 pulses and then close it.
In detail, gas refrigerant is discharged from the receiver
(4) and flows through the bypass passage (4a). However, in
the case of defrosting at a high open-air temperature or the
case of long refrigerant piping, it readily becomes short of
refrigerant so that the compressor (1) causes operation in
superheated condition thereby increasing the discharge-pipe
temperature Td.

To cope with this problem, the superheating control
means (14) once opens the motor-operated expansion valve (5)
to introduce liquid refrigefant in the receiver (4) into the
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tion of the conpressor (1). Thereafter, in the invention according
to claim9, when the defrosting operatlon |s conpleted t he open/shut - of f
means (SV) is held in an opened state for caﬂﬁmh&d t hen cl osed
whi l e the expansion nechanism (5) is gradual ! ereby preventing
turning back of liquid refrigerant while en |nun1circulation
anount of refrigerant, so that heating cycle operatlon I'S restarted.

- Effects - According to the invention of each of clainms 1, 8 and
14, since gas refrigerant in the receiver (4) is introduced

indoor heat exchanger (6) through the downstream-side common
passage (8Y) as shown in Fig. 3, thereby preventing the
operation in superheated condition.

The opening/closing operation of the motor-operated
expansion valve (5) is executed a single time in every one
minute. In detail, as shown in a term j, after outputting an
opening signal and a closing signal, the superheating control
means (14) outputs a full-close holding signal so that the
motor-operated expansion valve (5) holds for one minute the
fully closed state after opened and closed, thereby prohibit-

ing the excessive opening/closing operation.

On the other hand, when the discharge-pipe temperature
Td drops below 85°C in the defrosting operation, between a
point k and a point 1 the wet condition control means (13)
outputs a closing signal for the Qpén/shut—off valve (SV) to
hold the open/shut-off valve (SV) closed for 20 seconds. In
detall, gas refrigerant is discharged from the receiver (4)
and flows through the bypass passage (4a). However, if the
receiver (4) is filled with liquid refrigerant, liquid re-
frigerant turns back to the compressor (1) through the indoor
heat exchanger (8) so that the compressor (1) operates in wet

condition, thereby decreasing the discharge-pipe température

- Td.
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into the main line (9a) through the bypass passage (4a) in the defrosting
operation, when liquid refrigerant., ARdeNsegdeqi N the thermal - source-side

heat exchanger (3) is stored | ver (4) in the case of heavy
frost, |ow open-air tenperatuﬂlﬂﬁﬂ Ewlﬂ[ Hfrigerant pi ping, liquid
refrigerant in the receiver ( rely prevented from turning

back to the conpressor (1) w thout provision of any accunmula- tor. As a

result, operation in wet condition of the conpres- sor (1) is securely

prevented so thed &8BeCATRIESEOSs (d2ob%emSURIHRC RS t ©o A 1THIAS Se o h BRLADY
enhancing reliability of the conpressor (1). Further, since no

accumul at Gfed s NELYIPUe 1 PEESSHEE bPSS/shut-off valve (SV) and shuts off

the common passage (8a) and the bypass passage (4a) to pre-
vent liquid refrigerant from turning back, thereby preventing
the operation in wet condition.

The closing operation of the open/shut-off valve (SV) is
executed a single time in every 50 seconds. In detail, as
shown in a term m, after outputting a closing signal, the wet
condition control means (;3) outputs an opening holding
signal so that the open/shut-off valve (SV) holds for 50
seconds the opened state after closed, thereby prohibiting

the excessive closing operation.

Thereafter, in any one of the case that the frequency
step N of the compressof (1) drops to &, the case that the
discharge-pipe temperature Td rises above 110 °C, and the case
that the defrosting operation period becomes longer than 10
minutes, as shown in a point n, the defrosting executing
means (11) completes defrosting operation, turns the four-way
selector valve (2) to an ON state to switch it as shown in
the broken line of Fig. 2 and activates the outdoor fan (3f),
thereby starting heating operation in a hot start. At the
time just before the defrosting operation is completed, the
frequency step N of the compressor (1) is set to become 6
without exception according to the timer or the discharge-
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can be decreased thereby enhancing operation perfornmance, and the nunber
of el enerThis SkdeeHds BedaGRBadeNer eby resulting in cost reduction

Accordi ng on of each of clains 2, 9 and 15, since both the
main |ine ﬂ ypass passage (4a) are shut off at the initia
stage of the de opera- tion, it can be securely prevented that
liquid refrigerant in

pipe temperature Td.

Then, when the defrosting operation is completed, be-
tween a point n and a point o the operation shifting means
(15) opens the open/shut-off valve (SV) for 2 minutes and
then closes it to prevent the short of refrigerant, while be-
tween the point n and a point p the oberation shifting means
(15) gradually opens the motor-operated expansion valve (5)
to prevent the operation in wet condition. In detail, the
operation shifting means (15) first opens the motor-operated
expansion valve (5) iﬁ a.partially opened state of 80 pulse,
holds it in this state for 10 seconds, then opens the motor-
operated expansion valve (5) by 2 pulses 1in every 5 seconds
or opens it by 1 pulse in every 10 seconds in the case of the
outdoor-air temperature Ta of 23°C or less, and fuzzy-
controls the opening of the motor—opefated expansion valve
(5) and the frequency step N of the compressor (1) so as to

become the optimum discharge-pipe temperature, thereby re-

starting normal heating operation.

- Characteristic Effects of Embodiment 1 -
According to the present embodiment, since the
open/shut-off valve (SV) is opened in defrosting operation so

that gas refrigerant in the receiver (4) is introduced into
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the receiver (4) flows into the thermal -source-side heat exchanger (3) and

t he used-si de heat exchanger Qﬂfa&% variation in pressure of the
refrigerant circuit. T cet & Ck of liquid refrigerant to the
conpressor (1) can be “& Mﬂ F condensation area in the

t hermal -source- side h 3) can be sufficiently ensured, so
that defrosting perfornmance can be increased. According to the
i nvention of each of clainms 3, 10 and 16, since both the main line (9a)

and the bybassmapasshigee (633) waie shat bpbhsehensaagef ridger ammhérenpegatdre on

a discharge side of the conpressor (1) drops in the defrosting operation,

liquid refidfgarggiamt @onehsen §ndand JbedsOFPREaEOxChanger (3) is
stored in the receiver (4) in the case of heavy frost, low
oben—air temperature or short refrigerant piping, liquid
refrigerant in the.receiver (4) can be securely prevented
from turning back to the compressor (1) without provision of
any accumulator. As a result, operation in wet condition of
the compressor (1) can be securely prevented so that the
compressor (1) is subjected to no stress, thereby enhancing
reliability of the compressor (1).

Further, since no accumulator is needed, pressure loss

can be decreased thereby enhancing operation performance, and

the number of elements can be reduced thereby resulting in

cost reduction.

Furthermore, since the motor-operated expansion valve
(5) and the open/shut-off valve (SV) are closed at the ini-
tial stage of the defrosting operation, it can be securely
prevented that liquid refrigerant in the receiver (4) flows
into the outdoor heat exchanger (3) and the indoor heat
exchanger (8) due to Variafion in pressure of the refrigerant
circuit caused by swifching the four-way selector valve (2).
Thus, turning back of liquid refrigerant to the compressor
(1) can be prevented and a condensation area in the outdoor
heat exchanger (3) can be sufficiently ensured, so that

37



can be evaporated. Consequently, turning back of quuid““Tefrigerant can be
prevented so that operation in wet condi- tion of the ?ﬁgaﬁ%if can
be securely prevented, thereby ¢ aSBee“RTT'Z

further enhancing reliability of the conpressor (1). “"’, m,ﬂj ”'
according to the invention of each of clains 4, 11 and

comuni cation with the bypass passage (4a) is held for a set tine after
both the main line (9a) and the bypass passage (4a) are shut off, the
conpressor (1) can be prevented in advance from operation in superheated
condition defrosting performance can be increased.

Further, since the open/shut-off valve (SV) is closed
when the discharge-pipe temperature Td drops in the defrost-
ing operation, liquid refrigerant on a suction side of the
compressor (1) can be evaporated. Consequently, turning back
of liquid refrigerant can be prevented so that operation in
wet condition of the compressor (1) can be securely prevent-
ed, thereby further enhancing reliability of the compressor
(1).

Furthermore, since the open/shut-off valve (SV) once
closed is held in an opened state for a set time, the com-
pressor (1) can be prevented in advance from operating in

superheated condition due to frequent closing control of the

open/shut-off valve (SV).

Further, since the motor-operated expansion valve (5) is
opened when the discharge-pipe temperature Td rises in the
defrosting operation, liquid refrigerant is turned back to
cool down superheated refrigerant on a suction side of the
compressor (1), so that operation in superheated condition of
the compressor (1) can be securely prevented thereby fur-
ther enhancing reliability of the compressor (1).

Furthermore, since the motor-operated expansion valve
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due to frequent shutting-off control of the refrigerant «circuit.
According to the invention of emm}@étmggde *ﬁﬁedlz and 18, when a

refrigerant tenperature on a dIS the conpressor (1) rises in
the defrosting operation, the ex mwm anism (5) is opened and
communi cation is established in (9a). Thus, liquid
refrigerant is turned back to cool down superheated refrigerant on a
suction side of the conpressor (1), so that operation in superheated

condition (@) the cnoprepeaed(ihdcan haevctiwlel imrevRii e clbeeaby tafter t her
enhancing reliability of the conpressor (1). Further, according to

the i nventfon af seach gl Cl@idT dhprddsaRd(19. c8hNER GUEILEA4I 0 Width the
~ bypass passage (4a)

vance from operating in wet condition due to frequent open-
ing/closing control of the motor-operated expansion valve

(5). In other words, the wet condition control means (13) and

the superheating control means (14) hold the discharge-pipe

temperature Td in an optimum temperature so that the compres-

sor (1) is subjected to no stress.

Moreover, when the defrosting Qperation is completed,
the open/shut-off valve (SV) is opened and the motor-operated
expansion valve (5) is gradually opened. Since this ensures
the minimum circulation amount of refrigerant at the shift to
heating operatibn,-heating performance can be increased.
Further, since turning back of liquid refrigerant to the
compressor (1) can be prevented, operation in wet condition
of the compressor (1) can be prevented while dilution of

lubricating oil in the compressor (1) can be prevented.

- Modificatién of Embodiment 1 -

Fig. 5 shows a motor-operated valve (V1) freely adjust-
able in opening, which is sﬁbstituted for the open/shut-off
valve (SV) of the above embodiment. Other structure, opera-
tions and effects are the same as in the above embodiment.
The opening of the motor-operated valve (V1) may be con-
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Is held for a set tine once the expansion nechanism (5) is opened, the
conpressor (1) can be pref){,ggﬁe@tq{aggeeadfges@ opera- tion in wet condition

due to frequent comuni caty f the main line (9a).
According to the invention mm l&[
operation is conpleted, th

en the defrost- i ng
means (SV) is
trolled into a fully opened state and a fully closed state,
or may be otherwise adjusted according to the discharge-pipe

temperature Td or the like.

- Embodiment 2 -

Fig. 6 shows an embodiment of the invention according to
claims 8 to 13. In the present embodiment, a three way valve
(V2) is substituted for the open/shut-off valve (SV) of the
above embodiment, and the bypass passage (4a) is connected to
a high-pressure side of the motor-operated expansion valve
(5).

The three way valve (V2) forms a selector means switcha-
ble between a bypass communication state in which the high-
pressure side of the motor-operated expansion valve (5) is
communicated with the bypass passage (4a) and a main line
communication state in which the high-pressure side of the
motor-operated expansion valve (5) is communicated with the

common passage (8a) of the main line (9a).

- Structure and Operation of Defrosting Operation Control

of Embodiment 2 -

Description will be made about the structure and opera-
tions of defrosting operation control in an embodiment of

Fig. 6, with reference to the timing chart of Fig. 4.

40



opened and the expan5|on mechani sm (5) is gradually opened. Since this
ensurias ShdeeHayiBagnrRe) iﬂ@drculatlon anount of refrig- erant at the shift to

heat i namuﬁm “m“ ueatl ng performance can be increased. Further, since
turnin

refrigerant to the conpressor (1) can be prevented,
operation 1n wet condition of the conpressor (1) can be prevented while
dilution of lubricating oil in the conpressor (1) can be prevented.

[ BRI EF DESCRI PTI ON OF DRAW NGS] Fig. 1 is a block diagram show ng the

structure of theirf es@in itEMd@Qbsting eddchitifg SetnLliiiganantcGidLuit
di agram showi ng an
defrosting operation at a point f, it switches the four-way
selector valve (2) as shown in the solid line of Fig. 6 and
switches the three way valve (V2) as shown in the broken line
of Fig. 6, so that the bypass passage (4a) is communicated
with the metor-operated expansion valve (5) thereby resulting
in the bypass communication state. Further, the initial
control means (12A1) controls the motor-operated expansion
valve (5) to hold it in a fully closed state for 15 seconds

in correspondence with the closure of the open/shut-off valve

(SV) in the before-mentioned embodiment (See points f to g

of Fig. 4).

Thereafter, the motor-operated expension valve (5) is
opened at a specified opening and is held in the specified
opening, so that gas refrigerant in the receiver (4) is
introduced toward the indoor heat exchanger (8) through the
bypass passage (4a) thereby executing defrosting operation.
When the discharge?pipe temperature Td rises above 90°C in
the defrosting operation, the superheating control means
(14Al1) outputs a switching signal to switch the three way
valve (V2) as shown in the solid line of Fig. 6 thereby
‘forming the main line communication state. Then, the super-
heating control means (14Al) switches again the three way
valve (V2) as shown in the broken line of Fig. 8 thereby

41



enbodi ment of the i-avention according to clainms 1 to 7. Fig. 3is a
schemati c dlagrantshomﬁn a recelver Fig. 4 is atinmng chart

showi ng t he controI operation. Fig. 5is a
refrigerant circuit another enbodi ment of the invention
according to cIainE lg. 6 is arefrigerant circuit diagram
showi ng an enbodinent of the |nvent|on according to clains 8 to 13.

Fig. 7 is a refrigerant circuit diagram show ng an enbodi ment of the

i nvention according to clains 14 to 19.

forming the bypass communication state, and subsequently

outputs a switching holding signal to.hold the bypass commu-
nication state for a set time (See points h to i and a term
J of Fig. 4). In other words, because the compressor (1) is
on its way to superheated condition, operation in superheated
condition is prevented by the introduction of liquid refrig-

erant in the receiver (4) toward the indoor heat exchanger

(8).

On the other hand, when the discharge-pipe temperature

Td drops below 85 °C, the wet condition control means (13Al)
outputs a fully closing signal to make the motor-operated
expansion valve (5) full& closed for 20 seconds, and subse-
quently outputs a full-close holding signal to hold the
motor-operated expansion valve (5) in a specified opened
state for 30 seconds (See points k to 1 and a term m of Fig.
~4). In other words, because the compressor (1) is on its way
to wet condition, the common passage (8a) and the bypass

passage (4a) are shut off together thereby preventing the

operation in wet condition.

Thereafter, when the defrosting operation is completed
(See a point n of Fig. 4), the four-way selector valve (2) is

switched as shown in the broken line of Fig. 6 and the three
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Fig. 8is arefrigerant circuit diagram showi ng another  enbodi nent.
[ BEST MODE FOR CARRYI NG QUT THE | NVENTI ON| Be| Diis, ShesrHasBeteRepRcedl t hi s

invention will be described wth reference to the dr
Enbodi nent 1 - Fig. 2 shows a refrigerant pipin air
conditioner applying this invention, which is a so-called Se- te type
one in which a single indoor unit (B) is connect- ed to a single outdoor

unit (A).

way valve (V2) is switched as shown in the solid line of Fig.
& so that the main line communication state is formed, while
the motor-operated expansion valve (5) is opened to a target
opening. Thus, normal heating operation is restarted. |
Other structure and operations are the same as in the
before-mentioned embodiment. Accordingly, in the present
embodiment, similar to the before-mentioned embodiment,
operation in wet condition and operation in superheated
condition of the compressor (1) can be securely prevented
without any accumulator, thereby enhancing operation perform-

ance and reliability of the compressor (1).

- Embodiment 3 -

Fig. 7 shows an embodiment of the invention according to
claims 13 to 19. In the present embodiment, the bypass pas-
sage (4a) is connected to a low-pressure side of the motor-
operated expansion valve (5) instead of being connected to
the high-pressure side of the motor-operated expansion valve
(5) in the above embodiment of Fig. 6.

The three way valve (V2) forms a selector means switcha-
ble between a bypass communication state in which the down-
stream-side common passage'(SY) is communicated with the
bypass passage (4a) and a main line communication state in
which the dpwnstream—side common passage (8Y) is communicated

with the common passage (8a).
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The outdoor unit (A) conprises a conpressor (1) of scroll type to be
vari ably adjusted in operational frequency by an inverter, a four-way
sel ect or Vaks\6Rect B)s Bawti Repla@hl e as shown in a solid line of Fig. 2 in

cool i ng opel“!‘l@mgﬂmmg broken line of Fig. 2 in heating operation,
hea

out door

functions a

an

) as a thermal -source-side heat exchanger which

nser 1 n cooling operation and as an evaporator in

heati ng operation, and a pressure reduction part (20) for reducing

refrigerant

an outdoor fan (3f). In the indoor unit (B), there is disposed an

i ndoor

heat exchanger (6) as a used-side heat exchanger which functions

as an evapona@%&dd%d?@“éd&Jdﬂ%?&%ﬂdﬂ"d%“bé?%d%é%ﬂ@“ﬂﬁ&?éﬂﬂbn Controls

of Embodiment 3 -

Description will be made about the structure and opera-
tions of defrosting operation control in an embodiment of
Fig. 7, with referénce to the timing chart of Fig. 4.

First, when the defrosting executing means (11A2) starts
defrosting operation at a point f, it switches the four-way
selector valve (2) as shown in the solid line of Fig. 7 and
switches the three way valve (V2) as shown in the broken line
of Fig. 7, so that the bypass passage (4a) the bypass passage
(4a) is communicated with the downstream-side common passage
(8Y), thereby resulting in the bypass communication state.
Further, the initial control means (12A2) holds the three way
valve (V2) in the main line communication state shown in the
solid line of Fig. 7 while controlling the motor-operated
expansion valve (5) to hold it in a fully closed state for 15
seconds in correspondence with the closure of the open/shut-

off valve (SV) in the before-mentioned embodiment (See points

f to g of Fig. 4).

Thereafter, the defrosting executing means (11A2)
switches the three way valve (V2) as shown in the broken line

of Fig. 7 to form the bypass communication state, so that gas
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heati ng operation. The indoor heat exchanger (6) is“bkovidéd with an
i ndoor fan (6f). The conpressor (1), the %thwvmasmenlmﬁlhﬁﬂ val ve (2),

the outdoor heat exchanger (3), the pressure re ] 20) and the
I ndoor heat exchanger (6) are sequentially conne refrigerant
piping (8), thereby formng a refrigerant circul I'n I'ch circul ation
of refrigerant causes heat

refrigerant in the receiver (4) is introduced toward the
indoor heat exchanger (8) through the_bypass passage (4a)
thereby executing defrosting 6peration. When the discharge-
pipe temperature Td rises above 90°C in the defrosting opera-
tion, the superheating control means (14A2) outputs a switch-
ing signal to switch the three way valve (V2) as shown in the
solid line of Fig. 7 thereby forming the main line communica-
tion state, and opens the motor-operated expansion valve (5)
to a specified opening. Then, the superhedting control means
(14A2) switches again the three way valve (V2) as shown in
the broken line of Fig. 7 thereby forming the bypass communi-
cation state, and subsequently outputs a switching holding
signal to hold the bypass communication state for a set time
(See points h to i and a term j of Fig. 4). In other words,
because the compressor (1) is on its way to superheated
condition, operation in superheated condition is prevented by

the introduction of liquid refrigerant in the receiver (4)

toward the indoor heat exchanger (8).

On the other hand, when the discharge-pipe temperature
Td drops below 85°C, the wet condition control means (13A2)
outputs a switching signal to switch the three way valve (V2)
as shown in the solid line of Fig. 7 thereby forming the main
line communication state, and makes the motor-operated
expansion valve (5) fully clbéed for 20 seconds. Then, the
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transfer. .-..--..-- - The - pressure reduction part (20) includes a bridge-Iike

rectification circuit (8r) and a commobn passage (8a) connect-

ed to a pair
In the

of connect i &hjs PhsptitasBeepRenidcedyf t he rectification circuit (8r).
comon passa are arranged in series a receiver (4), which is
placed in an common passage (8X) serving as a high-pressure

liquid line at any tinme, for storing liquid refrigerant, an auxiliary heat

exchanger (3a) for outdoor heat exchanger (3), and a notor- operated
expansi on valve (5) freely adjustable in opening, which serves as an

expansi on wethesh &t Dadi BEn@rbunlea@s qfL3A2eduG iNeHd§Udga iRl theetareel N
pressure and a function of

way valve (V2) as shown in the broken line of Fig. 7 thereby
forming the bypass communication state, and subsequently
outputs a switching holding signal to hold the bypass commu-
nication state for a set time (See points k to 1 and a term m
of Fig. 4). In other words, because the compressor (1) is on
its way to wet condition, the common passage (8a) and the
bypass passage (4a) are shut off together thereby preventing

the operation in wet condition.

Thereafter, when the defrosting operation is completed
(See a point n of Fig. 4), the four-way selector valve (2) is
switched as shown in the broken line of Fig. 7 and the three
way valve (V2) is switched as shown in the solid line of Fig.
7 so that the main line communication state is formed, while
the motor-operated expansion valve (3) is opened to a target
opening. Thus, normal heating operation is restarted.

Other structure and operations are the same as in the
before-mentioned embodiment of Fig. 2. Accordingly, in the
present embodiment, similar to the before-mentioned embodi-
ment, operation in wet condition and operation in superheated
condition of the compreésor (1) can be securely prevented,

thereby enhancing reliability of the compressor (1).
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adjusting a flowrate of liquid refrigerant. Anot her pair of
connection points (R, S) of the rectifi- cation circuit (8r) are connected
to the indoor heat ex- changer (6) side of the refriggikant iR @pkdd and

t he out - door heat exchanger (3) side of th pi pi ng
(8) respectively. There is fornmed a main line (9a) mﬂmuwatﬂ I
conpressor (1), the four-way selector valve (2), the o

exchanger (3), the rectification circuit (8r) and the

~ Embodiment 4 -~

Fig. 8 shows another embodiment of this invention. In
the present embodiment, a capillary (CP) is provided instead
of the open/shut-off valve (SV) of the embodiment of Fig. 2.

Accordingly, in defrosting operation, the motor-operated
expansion valve (5) is fully closed so that gas refrigerant

in the receiver (4) flows through the bypass passage (4a).

- Other Modifications -

In the above embodiments, operation control of the
compressor (1) in wet condition and in superheated condition
in defrosting operation is executed in such a manner that the
open/shut-off valve (SV), the motor-operated expansion valve
(5) and the like are opened and closed. In tﬁe invention
according to claims 1, 8 and 14, however, the bypass passage
(4a) may be communicated ét any time during defrosting opera-
tion.

Further, in the invention according to claims 3, 5, 10,
12, 16 and 18, the compressor (1) may be controlled baged on
a pressure of refrigerant on the discharge side.

Furthermore, the refrigerant circuit (8) is not limited
to the above embodiments. For example, it may be a refriger-

ant circuit having no rectification circuit (8r).

[INDUSTRIAL APPLICABILITY]
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common passage (8a) are sequentially connected and the rectification
circuit (8r), the indoor heat exchanger (6), the four-way sel ector valve
(2) and the conpressor (1) are sequentially connected. Further, the
rectification circuit (8r) is provided wth: a first inflow passage (8bl)
whi ch connects the up- streamside connection point (P) of the conmon
passage (8a) to the connection point (S) on the outdoor heat exchanger (3)
side and has a first non-return valve (Dl1) for allowing refrigerant to
flowonly in a direction fromthe outdoor heat exchanger (3) to the

receiver (4); aAsetosishitdd oys PASSaNE dR At IWH bixeds i for air
upstream si de connection point (P) of the commbn passage (8a) to the

connecti oned Mt iddBr 08¢t BRis invention is useful for air conditioners

having no accumulator.

This Sheet Has Been Replaced

AR
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I ndoor heat exchanger (6) side and has a second non-return valve (D2) for
allowing refrigerant to flowonly in a direc- tion fromthe indoor heat
exchanger (6) to the receiver (4); a first discharge passage (8.cl) which
connects the down- streamside connection point (Q of the comon passage
(8a) to the connection point (R on the indoor heat exchgfigfRé HafBeen RiHR

and has a third non-return valve (D3) for allowng refri
only in a direction fromthe notor-oper-

22

1. In an air conditioner comprising a refrigerant circuit
(9) which has a main line (9a) in which a compressor (1), a
_thermal—sourée—side heat exchanger (3), an expansioﬁ mecha-
nism (5) freely adjustable in opening and a used-side heat
exchanger (6) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between cooling cycle
operation and heating cycle operation, an operation control
device for said air conditioner comprising:

a receiver (4) for storing liquid refrigerant, said
receiver being provided in a high-pressure liquid line of the
main line (9a) of the refrigerant circuit (9):

a bypass passage (4a) for bypassing the expansion mecha-
nism (5) to introduce gas refrigerant in the receiver (4)
into a low-pressure liquid line of the main line (9a) of the
refrigerant circuit (9), said bypass passage (4a) being
connected at one end thereof to the receiver (4) and at the
other énd to the low-pressure liquid line;

open/shut-off means (SV) for opening and shutting off
the bypass passage (4a), said open/shut-off means (SV) being
provided in the bypass passage (4a); and

defrosting executing means (11) for making the expansion
mechanism (5) fully closed and making the open/shut-off means

(SV)} open according to a defrosting requiring signal in the
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ated expansion valve (5) to the indoor heat exchanger (6); and a second
di scharge passage (8c2) which connects the downstream side connection

poi nt (C%hg hek a(,|gg1assage (8a) to the connection point (S) on the
out door r (3) side and has a fourth non-return valve (D4)
for aIIom# Em[ ant to flowonly in a direction fromthe notor-
operated € (5) to the outdoor heat exchanger (3).

Bet ween both the connection points (P, Q of the comobn passage (8a) of
the rectification circuit (8r), a liquid seal preventing bypass passage

(8f) prométﬁﬂlﬂtt@@&%éﬂﬁ%’oﬁ% et PG 0s G gl IoPErd S8 in

preventing bypass passage (
the reverse cycle.

2. An operatibn control device for air conditioner accord-
ing to claim 1, further comprising

initial control means (12) for oﬁtputting an initially
closing signal to the defrosting executing means (11) so that
the open/shut-off means (SV) is closed until a set time

passes after the start of the defrosting operation.

3. An operation control device for air conditioner accord-
ing to claim 1, further comprising

wet condition control means (13) for outputting a clos-
ing signal to the defrosting executing means (11) so that the
open/shut-off means (SV) is closed when a refrigerant temper-
ature on a discharge.side of the compressor (1) drops to or

below a specified temperature.

4. An operation control device for air conditioner accord-
ing to claim 3, wherein

fhe wet condition control means (13) outputs a closing
signal to the defrosting executing means (11)_so that the
open/shut-off means (SV) becomes an opened state after hold-

ing a closed state for a set time, and then outputs an open-
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prevents liquid seal at the deactivation of the conpressor (1). Further,
bet ween the upper part of the receiver (q%sgﬂgvﬁgggﬁm@mgﬁdthe

downst ream si de common passage (8Y) which a downstream si de
of the notor-operated expansion valve (S)Uw mEmFBLLm a | ow pressure
liquid line at any time, there is provide -off valve (SV) as
open/ shut - of f neans connected to a bypass passage (4a) for bypassing the
not or - oper at ed expansi on valve (5), thereby venting gas refrigerant stored
in the rechigerhd¥ling signdl & aile &S dWIhe Rt ihg RRANLqaiversd 4)
Is connected at a body casing (41) thereof to the upstreamside

that the open/shut-off means (SV) holds the opened state for

a set time after closed.

5. An operation control devicé for air conditioner accord-
ing to claim 1, further comprising

superheating control means (14) for outputting respeé-
tive signals for opening and closing the motor-operated
expansion valve (5) to the defrosting executing means (11) so
that when a refrigerant temperature on a discharge side of
the compressor (1) rises to or above a specified temperature,
the expansion_mechanism (5) is opened to a specified opening

and then closed into a fully closed state.

6. An operation control device for air conditioner accord-
ing to claim 5, wherein

the superheating control means (14) outputs a full-
closing holding signal to the defroéting executing means (11)
so that the expansion mechanism (5) holds the fully closed

state for a set time after opened and closed.

7. An operation control device for air conditioner accord-
ing to any one of claims 1 to 8, further comprising
operation sifting means (15) for shifting the circuit to

the heating cycle operation when the defrosting executing

RO R VO N
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23 common passage (8X), the downstream side common passage (8Y) and the
bypass passage (4a). The downst r eam si de common pas- sage (8Y) is

i nt roduced |nt0mm3&%uﬁHBémmﬂﬂnm art of the body casing (41) in order that
liquid refrigera therefrom The bypass passage (4a) is
connected to the the body casing (41) in order that gas
refrigerant is scharg herefrom The degree of pressure

reducti on of the caplllary tube (C) is set at a sufficiently |arger val ue
t han t he notor- -

means (11) completes the defrosting operation, so as to

control the open/shut-off means (SV) to hold it open for a
set time in a heating cycle and then turn it closed while

controlling the expansion mechanism (5) to gradually open it

to a specified opening.

8. In an air conditioner comprising a refrigerant circuit
(9) which has a main line (9a) in which a compressor (1), a
thermal-source-side heaf exchanger (3), an expansion mecha-
nism (5) freely adjustable in opening and a used-side heat
exchanger (6) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between cooling cycle
operation and heating cycle operation, an operation control
device for said air conditioner comprising:

a receiver (4) for storing liquid refrigerant, said
receiver being provided in a high-pressure liquid line of the
main line (8a) of the refrigerant circuit (8);

a bypass passage (4a) for introducing gas refrigerant in
the receiver (4) into a high-pressure side of the expansion
mechanism (5) of the refrigerant circuit (9), said bypass
passage (4a) being connected at one end thereof to the re-
ceiver (4) and at the other end to the high-pressure side of

the expansion mechanism (5);

selector means (V2) switchable between a bypass communi-
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oper at ed expansion valve (5) so that the notor-operated expansion valve
(5) adequately maintains the function of _adjust.i flow rate of
refrigerant in normal operation. (FT_Lh‘dé - Sq%e“ el e\él filters for
renovi ng dusts from refrigerant, and (ER)l H |ﬁﬂ | encer for
reduci ng operational sound of the conpres The air
conditioner is provided wth various sensors. (Thd) is a discharge pipe
sensor, which is disposed in a discharge pipe of the conpressor (1), for
sensi ng a chtion chta ye- in peh icperathirgh -bd easuar er afidiegerfantet expanativne on
a discharge side of the conpressor (1). (Tha) is an outdoor inlet sensor,
which is diepiesedsin (3N ald ddhminDéatb& RYEh the bypass passage (4a)
and a main line communication state in which the high-pres-
sure side of the expansion mechanism (3) is communicated with
the high-pressure liquid line of the main line (9a); and
defrosting executing means (11Al1) for switching the
selector means (V2) to the bypass commuﬁication state and

opening the expansion mechanism (5) according to a defrost-

ing requiring signal and executing defrosting operation.

9. An operation control device.for air conditioner accord-
ing to claim 8, further comprising

initial control means (12A1) for outputting an initially
closing signal to the defrosting executing means (11Al) so
that the expansion mechanism (5) holds a fully closed state

until a set time passes after the start of the defrosting

operation.

10. An operation control device for air conditioner accord-
ing to claim 8, further comprising

wet condition control meahs (13A1) for outputting a
fully closing signal to the defrosting executing means (11A1)
so that the motor-operated expansion valvé (5) is fully
closed when a refrigerant temperature on a discharge side of

the compressor (1) drops to or below a specified temperature.
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door unit (A), for sensing an outdoor-air tenperature Ta as an open-air
tenperature (Thc) is an outdoor heat-exchange

24 sensor, which is di sposegs Sheet HacBRMRGBOI heat exchanger (3), for

sensi ng an outdoor heat- exchan Tc as a condensation
tenperature in cooling operat| vaporation tenperature in
heating operation. (Thr) is an sensor, which is disposed in

an air inlet of the

11. An operation control device for air conditioner accord-
ing to claim 10, wherein

the wet condition control means (13Al) outputs a fully
closing signal to the defrosting executing means (11Al) so
that the expansion mechanism (5) is opened after holding a
fully closed state for a set time, and then outputs an open-
ing holding signal to the.defrosting executing means (11Al)
so that the expansion mechanism (5) holds the opened state

for a set time after fully closed.

12. An operation confrol device for air conditioner accord-
ing to claim 8, further comprising

superheating control means (14Al) for outputting a first
and second switching signal to the defrosting executing means
(11A1) so that when a refrigerant temperature on a discharge
side of the compressor (1) rises to or above a specified
temperature, the selector means (V2) is first switched to the
main line communication state and then switched again to the

bypass communication state.

13. An operation control device for air conditioner accord-

ing to claim 12, wherein

the superheating control means (14A1) outputs a sw1tch—
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indoor'ﬁhTf”(fﬁm"ror sensing an indoor-air tenperature Tr as a room

tenperq&g@ﬁgﬂﬁ haﬁ I ndoor heat -exchange sensor, which is disposed in
t he |ndo er (6), for sensing an indoor heat-exchange
tenperat apora- tion tenperature in cooling operation and as

a conden enperature in heating operation. (HPS) is a high-pressure-
control pressure swtch for sensing a pressure of high-pres- sure
refrigerant and turning on at the excessive rise in pressure of

hi gh- pr esduree helfdimer angnad oot pHe delfirol-tinesexeuurteisg gnedns (LPBAL)S a
| ow pressure-control pressure switch for sensing a pressure of

|0WFpreSSWU3ﬁﬁﬁtlﬁﬁéan%e@E%ﬁd¥rmeahBQ(Q@)améﬂEéeféﬁsgl%%ﬂ“ﬁ%hénthe
pressure of |ow pressure refrigerant to output a | ow pressure signal.

bypass communication state switched from the main line commu-

nication state.

14. In an air conditioner comprising a refrigerant circuit
(9) which has a main line (9a) in which a compressor (1), a
thermal-source-side heat exchanger (3), an expansion mecha-
nism (S) freely adjustable in opening and a used-side heat
exchanger (6) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between cooling cycle
operation and heating cycle operation, an operation control
device for said air conditioner comprising:

a receiver (4) for storing liquid refrigerant, said
receiver being provided in a high-pressure liquid line of the
main line (9a) of the refrigerant circuit (9);

a bypass passage (4a) for bypassing the expansion mecha-
nism (5) to introduce gas refrigerant in the receiver (4)
into a low-pressure liquid line of the main line (9a) of the
refrigerant circuit (9), said bypass passage (4a) being
connected at one end thereof to the receiver (4) and at the
other end to the low-pressure liquid line;

selector means (V2) switchable between a bypass communi-
cation state in which the low-pressure liquid line of the

main line (9a) is communicated with the bypass passage (4a)
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Respecti ve out put signals of the sensors (Thd to The) and the sw tches
(HPS, LPS) are inputted int onasghsgmﬁscﬁehxemﬁiéem). The controller (10) is so

conposed as to control air c [ ording to the input signals.

In the above-nentioned refrig 9), circula- tion of
refrigerant in cooling operati IS made i n the 3 fol |l ow ng
manner. Refrigerant is condensed in the outdoor heat exchanger (3) so as
to be liquefied. Liquid refrigerant

and a main line communication state in which the low-pressure
liquid line of the main line (9a) is communicated with the
low-pressure side of the expansion mechanism (5); and
defrosting executing means (11A2) for switching the
selector means (V2) to the bypass communication state accord-
ing to a defrosting requiring signal in the heating cycle

operation and executing defrosting operation.

15. An operation control de?ice for air conditioner accord-
ing to claim 14, further comprising

initial control means (12A42) for outputting an initially
closing signél to the defrosting executing means (11A2) so
that until a-set time passes after the start of the defrost-
ing operation, the selector means (V2) holds the main line

communication state and the expansion mechanism (5) holds a

fully closed state.

16. An operation control device for air conditioner accord-
ing to claim 14, further comprising

wel condition control means (13A2) for outputting a
fully closing signal to the defrosting executing means (11A2)
so that when a refrigerant temperature on a discharge side of
the compressor (1) drops to or below a specified temperature,

the selector means (V2) is switched to the main line communi-
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thus liquefied flows through the first non-return valve (Di) from the
first inflow passage (8bl), is then stored in the r8ce Mﬁﬁwgﬂ%hmﬂs

reduced in pressure by the notor-operated expansTh Ioms

t hrough the first di scharge pas- sage (8cl), and m(\&im n the

I ndoor heat exchanger (6). Refrigerant thus evapo o the
conpr essor (1). On the other hand, circulation of refrigerant in heating
operation is made in the followi ng manner. Refrigerant is condensed in
the i ndoocahdah exahtanged thy eRpagsién!hétanismf(®P. 141 ewidyrefssger ant
thus liquefied flows through the second non-return valve (D2) fromthe
second i nfl ow passage (8b2), is then stored in the receiver (4), is
reduced in pressure by the notor-operated expansion valve (5), flows

17. An operation control device for air conditioner accord-
ing to claim 16,lwherein

the wet conditig; control means (13A2) outputs a switch-
ing sign;l to the defrosting executing means (11A2) so that
the selector means (V2) is switched to the bypass communica-
tion stgte after the expansion mechanism (5) holds a fully -
closed state for a set time, and then outputs a switching
holding signal to the defrosting executing means (11A2) so

that the selector means (V2) holds for a set time the bypass

communication state switched from the main line communication

state.

18. An operation control device for air conditioner accord-
ing to claim 14, further comprising

superheating control means (14A2) for outputting a first
and second switching signal to the defrosting executing means
(11A2) sb that when a refrigerant temperature 6n a discharge
side of the compressor (1) rises to or above a specified
temperature, the selector means (V2) is first switched to the
main line communication state while the expansion méchanism
(5) is opened and then the selector means (V2) is switched

again to the bypass communication state.
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t hrough the second di scharge passage (8c2), and is evaporated in the

out door heat exchanger (3). Refrigeranl, depiedevaporat - ed returns to the
conpressor (1). The_é& % sections an operationa

frequency of the inverter i m% !‘ fromzero to the maxi numfre-
qguency, controls the capacity ssor (1) by find- i ng out each

frequency step N so that the discharge-pipe tenperature Td becones an
opt i mum di schar ge- pi pe tenperature, and controls the opening of the
not or - oper at ed expansi on val ve (5) so that the discharge-pipe tenperature

Td becom®s; g. An operation control device for air conditioner accord-

ing to claim 18, wherein

the superheating control means (14A2) outputs a switch-
ing holding signal to the defrosting executing means (11A2)
so that the selector means (V2) holds for a set time the

bypass communication state switched from the main line commu-

nication state.

* c L M S *
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26 an opti mum di schar ge- pi pe tenperature. The controller (10)
has, as a feature of this invention, a defrosting executing neans (11), an
initial control nmeans (12), a wet condition control neans (13), a
superheating control nmeans (14) and an operation shi-fting -reans (15).

The defrosting executing nmeans (11) is so conposed as _to nake the

not or - oper at ed expansi on valve (5) fully cl osed and ¢ eedt - of f
val ve (SV) open according to a de- frosting requiring ﬂ Led
when the refrigerant «circuit (9) begpgepagpecified co :

execut e de-

A receiver (4) is provided in a main liﬁe (9a) and a
bypass passage (4a) having an open/shut-off valve (SV) is
provided for introducing gas refrigerant in the receiver (4)
into a low—préssure liquid line. A motor-operated expansion
valve (5) is fully closed, the open/shut-off valve (SV) is
opened, and then defrosting operation is executed . At the
initial stage of the defrosting operation, the open/shut-off
valve (SV) is closed. When a discharge-pipe temperature Td
drops to or below a specified temperature, the open/shut-off
valve (SV) is closed. When the discharge-pipe temperature Td
rises to or above a specified temperature, the motor-operated
expansion valve (5) is once opened to a specified opening.
When defrosting operation is completed, the open/shut-off
valve (SV) is opened in a heating cycle and the motor—operat—l

ed expansion valve (5) is gradually opened.
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frosting operation in the reverse cycle. For exanple, the controller
(10) menorizes the sumof heating performance fromthe start of heating
operation after the end of defrosting operation, e Wetlefis BRERSHROT

heating performance by the period of tinme that a on period
t]i m ll!uﬁmul h period to
eating

after the end of defrosting operation and a defros
be prelimnary expected are added to calculate a
performance, and outputs a defrosting requiring signal when the nean val ue
of heating performance is below the last-tinme nean val ue of heating

per f or mance. In any one of the case that the frequency step N of the
conpressor (1) drops—te-6,the case that the discharge-pipe
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27 t enper at ure--Fd--ri ses above 110[err]C and the case that the de-
frosting operation period becones |onger than 10 m nutes, the defrosting

executing neans (Ii S pBepldosl def r osti ng oper ati on. The
initial control ne s an initially closing signal to the
defrosting executi unti |
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a set tine passes fromthe start of the defrosting operation, e.g., until
15 seconds pass, so as to nmake the open/shut-off valve (SV) cl osed,
thereby closing the refrigerant circuit (9) for 15 seconds. The
wet condition control means (13) outputs a closing signal for closing the
open/ shut-off valve (SV) to the de- frosting executing neans (11), so that
when the discharge- pipe tenperature Td of the conpressor (1) drops bel ow
a specified tenperature, e.g., 85[err]C, the open/shut-off valve (SV)

hol ds a cl osed state for a set tinedgn%aggen becones an opened state,
e.g., for 20 seconds. Further, the tion control neans (13)

out puts an opening holding signal to

This Sheet Has Been Rep
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t he defrosting executing nmeans (11) so that the Open/shuf“off Valve'(€§6
holds for a set tinme the opened state after closed, e.Orhis$heet HiHeed Replaced

open/ shut-of f valve (SV) holds the opened state for 30 s
activating a tinmer for 50 seconds after the output of th;
The superheating control means (14) outputs respective
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signals for opening and closing the notor-operated expansion ~“valve (5) to

the defrosting executing neans (11), so that ﬁ@ettl-lgseBegﬁﬁ% Egge pi pe

t enper at ur e,

tenperature Td of the conpressor (1) rises a
e.g., 90[err]C, the notor- oper at ed expansi onjm m%HI m pened to a
speci fied opening and then closed into a full I n ot her
wor ds, t he superheating control neans (14) once opens the notor-
oper at ed expansion valve (5) of a fully closed stdate to a partially
opened state of 200 pul ses, in i a fully opened state of the
not or - oper at ed ex an5| on-varve (° I ndrcated —as 480 pulses;jand then
fully closes it. ther, the supe{g heating control neans (14) outputs a
full-close holdin sbgnaICYDo t heCdefrypsti ng executing nmeands (11) so t hat
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not or - oper at ed expansi on valve (5) holds for a set tine a fully closed
state after opened and closed. In detail, the superheatlng control neans

(14) activates the timer for one m nuu"lesstfeetéiawm“w t of the opening

and cl osing signals and prohibits the r tinmes
openi ng/ cl osi ng operations until one m The operation

shifting neans (15) executes the shift fron1defrost|ng operation to
heati ng cycl e operati on when the
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defrosting executing nmeans (11) conpl etes defrosting opera- tion, so as to
control the open/shut-off valve (SV) to hoﬁ.eet}iaalBeQrpﬁﬁlat@r a set tinein a

heating cycle and then turn it cl osed g the notor-operated
it E Wm (‘ d opening. In
en/shut-off val ve

expansion valve (5) to gradually open

detail, the operation shifting neans (1

(SV) for two minutes after the conpletion of defrosting operation and then
closes it, while executing gradually opening control of the notor-operated
expansion valve (5) for three ninutes after the conpletion of defrosting
operation in su “TENMeT " as— open—the—ﬁﬂtnw-opewafed—qxpan5|on
valve (5) of a fully closed statetj 80 pulses, hold it in [
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t he paftially opened state for 10 seconds and then open it by 2 pulses in
every five seconds or open it by 1 gmknﬁﬁgmﬂm¥m&ﬁdseconds when t he
outdoor-air tenperature Ta is 23[err] - Defrosting
operation in Enbodinent 1 - Next %Hmﬂmlmﬂ wi || be made about
controls of de- frosting operation of nditi oner above-nenti oned,
with reference to a timng chart of Fig. 4. First, in heating cycle

operation, the four-way selector valve (2) is turned to an ON state as
shown froma point a to point b, that is, switched to the broken line

shown in Fig. 2, gpoftuzzy=—contr peri ng—of—t+-he—nptor-operaj ed expan-
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~sion valve (5) and the frequency step N of the conpressor (1)

fio3(0-9 P03

-an opti mum di scharge-pi pe tenperature, thereby performng heating.

oper ati on. At the point b, the controller (10) outputs .a‘defrosting’
requiring signal according to a mean vglue of heatfng per-. formance.- ~VWheng
the defrosting requiring signal is outputted, de(rostlng operathpn WﬁltS;r :
until preparation of defrosting - _ Voo e Y N
SPECIFICATION = V .0 o s 0=
| o gehelth

OPERATION CONTROL DEVICE FOR AIR CONDITIONER

[TECHNICAL FIELD]

This invention relates to an operation control device
for air conditioner, and particularly relates to measures for
controlling thg air conditioner during defrosting operation
and for controlling the air conditioner just after completion

of defrosting operation.

[BACKGROUND ART]

There has been a conventidnal air conditioner which is
so composed that an indoor unit is connected to an_outdoor
unit in which a compressor, a four-way selector valve, a
thermal-source-side heat exchanger, & motor-operated expan-
sion valve and a receiver are sequentially connected, as
disclosed in Japanese Patent Application Laid-Open Gazette

-~
No.4-344085. The air conditioner performs defrosting opera-
tion when a fin of the thermal-source-side heat exchanger is
frosted in heating operation.

Further, the defrosting operatlon is executed in a

cooling cycle with a non-shown motor-operated expansion valve

of the indoor unit and the motor- operated expansion valve of

wt o
[ ,

the outdoor unit fully opened together.

so as to be

This is the replacement sheet



operation in the indoor unit (B) is conpleted at a point c, e.g., until
treatment on a heater or the like is conpleted, the | ow pressure-control
pressure switch (LPS) is masked and t hen defrosting operation further
waits for 35 seconds to a point d, i.£., to the time that the frequency
step N of the conpressor (1) to switch the four-way sel ector valve (2),
which is 6, cones. Thereafter, fromthe point d, fully closing
operation for making the opening of the notor-operated expansion val ve
(5) into O pulse is started and liquid refrigerant stored in the outdoor
heat exchanger (3) is recovered. Wien the tine sufficient for fully

closing the motof opeLateo 30051 08 -

However, since the above air conditioner is provided
with an accumulator on a suction side of the compressor in
order to prevent operation in wet condition of Fhe compres-
.sor. the motor-operated expansion valves are fully opened in
the defrosting operation so that operation pe;formance is
decreased due to pressure loss at the accumulator.

If the accumulator is not provided to solve the above
problem, since the defrosting operation with the motor-oper-
ated expansion valves fully opened, this causes liquid re-
frigerant condensed by the thermal-source-side heat exchanger
to store in the receiver in the case of heavy frost, low
open-air temperature or short refrigerant piping. Thus, an
amount of heat required for defrosting ;s lacked so that the
liquid refrigerant in the receiver turns back to the compres-
sor. This invites operation in wet condition of the compres-

sor, so that the compressor is under stress. As a result, the

reliability of the compressor is reduced.

In view of the foregoing problems, this invention has
been made. An object of this invention is to enhance opera-
tion performance without any accumulator while avoiding the

compressor from operating in wet condition in defrosting
-+ This is the replacement sheet
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val ve (5) has passed, the indoor fan (6f) is deactivated at a point e and
-heat storage in the indoor heat exchanger (6) is executed with

hi gh- pressure refrigerant. Thi s heat storage operation is conpleted
when it has 31 been executed for at

nost 10 seconds, when the indoor heat - 3 exchange tenperature Te rises
above 35[err] C, when the outdoor heat - exchange tenperature Tc drops bel ow
-30C, or VPRAF#HECT- present outdoor heat-exchange tenperature Tc drops

4[err] C nore

[DISCLOSURE OF INVENTION]
To achieve the above object, measures instituted in this
invention are so composed as to execute defrosting operation

.while introducing gas refrigerant in a receiver’ into a main

line through a bypass'passage.

- Constitution -

More specifically, as shown in Fig. 1, a measure insti-
tuted in the invention according to claim 1 premises an air
conditioner comprising a refrigerant circuit (8) which has a
main line (9a) in which a compressor (1), a thermal-source-
side heat exchanger (3), an expansion mechanism (5) f:eely
adjustable in opening and a used-side heat exchanger (8) are
sequentially.connected and which is reversibly operable
between cooling cycle operation and heating cycle operation.

A receiver (4) is provided in a high-pressure liquid
line of the main line (%a) of thé refrigerant circuit (9).
There is provided a bypass passage (4a), which is connected
at one end thereof to the receiver (4) and at the other end
to a low-pressure liquid line of the main line (8a) of the
refrigerant circuit (8), for bypassing the expansion mecha-
nism (5) to introduce gas refrigerant in the receiver (4)

into the low-pressure liquid line.

- This is the replacement sheet
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t han the outdoor heat-exchange tenperature Tc at the tine

storage is started (See a point f). At this point f, the defrosti
executing neans (11.) deactivates the outdoor fan (3f), switches the

f our - way

selector valve (2), i.e., swijches according to the defrost-

requiring signal the four-way selector valve (2) as shown in the solid
line of Fig. 2 to set it to a cooling cycle, and feeds to the outdoor
exchanger (3) high-tenperature refrigerant discharged fromthe conpres

1) t tart f ti ti in th | e. . As .
oature of 1hi & FROBRETonchan Dy RHeS AORRRT Fhg (bbr afi A Y e B h

defrosting executing neans (11)

open/shut-off means (SV) for opening and shutting off the

bypass passage (4a)._

In addition, there is provided defrosting executing

means (11) for making the expansion mechanism (5) fully

closed and making the open/shut-off means (SV) open according

to a defrosting requiring signal in the heating cycle opera-

tion and executing defrosting operation in the reverse cycle.

A measure instituted in the invention according to claim
2 further comprises, in the invention of c¢laim 1, initial
control means (12) for outputting an initially closing signal
to the defrosting executing means (11) so that the open/shut-
off means (SV) is closed unéil a set time passes after the

start of the defrosting operation.

A measure instituted in the invention according to claim
3 further comprises, in the invention of claim 1, wet condi-
tion control means (13) for outputting a closing signal to
the defrosting executing means (11) so that the open/shut-off
means (SV) is closed when a refrigerant temperature on a
discharge side of the'compressor (1) drops to or below a
specified temperature. |

A measure instituted in the invention according to claim

bef ore the heat

ng
i ng

heat
sor

he
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ordinarily closes the notor-operated expansion valve (5) into a fully
~closed state of 0 pul se and opens the open/shut-off valve (SV), thereby
"shutting off the conmmon passage (8a) and opening the bypass passage (4a).
However, since the initial control means (12) outputs an initially closing
signal, the open/shut-off valve (SV) Ps closed so that the common passage
(8a) and the bypass passage (4a) are.shut off until 15 sec- onds passes.

32 4 is so composed that, in the invention of claim 3, the wet
condition control means (13) outputs a closing signal so that
the open/shut-off means (SV) becomes an opened state after
holding a closed state for a set time, and then outputs an
opening holding signal to the defrosting executing means (11)

.80 that the open/shut-off means (SV) holds the Opened state

for a set time after closed.

A measure instituted in the invention according to claim
5 further comprises, in the invention of claim 1, superheat-
ing control means (14) for outputting respective signals for
opening and closing the motor-operated expansion valve (5) to
the defrosting executing means (11) so that when a refriger-
ant temperature on a discharge side of the compressor (1)
rises to or above a specified temperature, the expansion
mechénism (5) is opened to a specified opening and then
closed into a fully closed state.

A measure instituted in the invention according to claim
6 1s so composed that, in the invention of claim 5, the
superheating control means (14) outputs a full-close holding
signal to the defrosting executing means (11) so that the
expansion mechanism (5) holds the fully closed state for a

set time after opened and closed.

A measure instituted in the invention according to claim
Thes is the repiscement shee!
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In detail, switching of the four-way sel ector valve (2) reverses the
pressure distribution of refrigerant in the refrigerant circuit (9) to
make the refrigerant pressure in the receiver (4) higher than the
respective refrigerant pressures in the outdoor heat exchanger (3) and
t he i ndoor heat exchanger (6). If under such conditions the notor-
oper at ed expansi on val ve (5) and the-open/shut-off -valve (SV) remain
opened, liquid refrigerant of high-tenperature and hi gh- pressure flows

through the pHESRGE BERbrRARRCNGR" () o /a0d Ll dinda ﬁeatofe%gﬂgsﬁ ,(6).

Further, in such a cas ri-gerant 1s évapor

neat, Sxchapgch, obkacih kﬁ%ﬁéé@ﬁg%gifi?%?éﬁifﬁﬁa% g TR g-
to heating cycle operation when the defrosting executing
means (11) completes the defrosting operation, so as to con-
trol the open/shut-off means (SV) to hold it open for a set
'time in a heating cycle and then turn it closed while con-

trolling the expansion mechanism (5) to gradually open it to

a specified opening.

In each measure instituted in.the invention according to
claims 8 and 14, the bypass passage (4a), the open/shut-off
means (SV) and the defrosting executing means (11) of claim 1
are substituted by respective other means. More specifically,
in a measure instituted in the invention according to claim
8, there is provided é bypass passage (4a), which is connect-
ed at one end thereof to the receiver (4) and at the other
end to a high-pressure side of the expansion mechénism (5) of
the refrigerant circuit (9), for introducing gas refrigerant
in the receiver (4) into the high-pressure side of the expan-
sion mechanism (5).

Furfher, there is provided selector means (V2) switcha-
ble between a bypass communication state in which the high-
pressure side of the expansion mechanism (5) is communicated

with the bypass passage (4a) and a main line communication

This is the replacement sheet
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erant excessively flows into the conpressor (1), while liquid refrigerant
~flowng into the outdoor heat exchanger (3) reduces a condensation area.
" As a result, defrosting perform ance is reduced. To solve this problem
as nentioned above, t he notor-operated expansion valve (5) and the
open/ shut - of f valve (SV) are closed thereby preventing the discharge of
liquid refrigerant fromthe receiver (4). Thereafter, when 15 seconds
has passedstahe idefwhéthnghe eikibghtpnes swagssidd )obHpers exranpiern grahaf
valve (SV) at a point g to execute ordinary defrosting operation and
gradual - hyshng¢seases cditmunnaradddnal ti reseencyh Npet skhe ecQEsSQrine

of the main line (89a).

In addition, there is provided defrosting executing
means (11Al1) for switching the selector means (V2) to the
.bypass communication state and opening the expansion mecha-
nism (5) according to a defrosting requiring signal and
executing defrosting operation.

On the other hand, in a measure instituted in the inven-
tion according to claim 14, there is provided a bypass pas-
sage (4a), which is connected at one end thereof to the re-
ceiver (4) and at the other end to a low-pressure liquid line
of the main line (%a) of the refrigerant circuit (9), for by-
passing the expansion mechanism (5) to introduce gas refrig-
erant in the receiver (4) into the low-pressure liquid line.

Further, there is provided selector means (V2) switcha-
ble between a bypass communication state in which the low-
pressure liquid line of the main line (%a) is communicated
with the bypass passage (4a) and a main line communication
state in which the low-pressure liquid line of the main line
(9a) is communicated with the low-pressure side of the expan-
sion mechanism (5).

In addition, there 1s provided defrosting executing
means (11A2) for switching the selector means (V2) to the

bypass communication state according to a defrosting requir-

7 This is the replacement sheet
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33 (1) . Then, refrigerant discharged fromthe conpressor (1) is
~condensed in the outdoor heat exchanger (3) to dissolve frost and flows
lnto the receiver (4). Fromthe receiver (4), gas refrigerant flows into
t he i ndoor heat exchanger (6) via the-épypass passage (4a) and returns to
the conpressor (1). By such circulation of refrigerant, defrosting
operation is executed: Subsequent |y, when-the di scharge-pi pe

tenperature Td
ing signal in the heating cycle operation and executing de-

frosting operation.

A measure instituted in the invention according to claim
9 comprises, instead of the initial control means‘(lz) of the
.invention of claim 2, initial control means (12A1) for out-
putting an inifially closing signal to the defrosting e;ecué—
ing means (11A1) so that the expansion mechanism (5) holds a
fully closed state until a set time pésses after the start of
the defrosting operation.

On the other hand, a measure.instituted in the invention
according to claim 15 comprises, instead of the initial.
;ontrol means (12) of the invention of claim 2, initial
control means (12A2) for outputting an initially closing
signal to the defrosting executing means (11A2) so that until
a set time passes after the start of the defrosting opera-
tion, the selector means (V2) holds the main line communica-

tion state and the expansion mechanism {(5) holds a fully

closed state.

Further, a measure instituted in the invention according
to claim 10 comprises, instead of the wet condition control
means {(13) of the invention of claim 3, wet condition control

means (13A1) for outputting a fully closing signal to the

THis is the replecament sheet
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rises above 90 [err]C in the defrosting operation, between a point h and a
point i the superheating control neans (14) outputs respective signals for
opening and cl osing the notor-operated expansion valve (5) to once open
the notor- operated expansion valve (5). to 200 pul ses and then close it.
In detail, gas refrigerant is discharge& fromthe receiver (4) and fl ows

t hrough the bypass passage (4a). However, in the case of defrosting at a

hi gh open-@éfréeppegabieeudingnficafidase10h1ho8e rabti adleanio t¥mPioerdted
readi |y becones short of refrigerant so that the conpressor (1) causes

e o SRRaRUREEN RIS SN el arinas 40 LEPIGraY il pe
perature on a discharge side of the compressor (1) drops to
or below a specified temperature.

On the other hand, a measure instituted in the invention
.according to claim 18 comprises, instead of the wet condition
control means (13) of the invention of claim 3, wet condition
confrol means (13A2) for outputting a fully closing signal
to the defrostihg executing means (11A2) so that when a re-
frigerant temperature on a discharge side of the compressor
(1) drops to ér below a specified temperature, the selector
means (V2) is switched to the main line communication state
and the expansion mechanism (5) is fully closed.

Furthermore, a measure instituted in the invention
according to claim 11 is so composed that, in the invention
of claim 10, the wet condition control means (13Al) outputs a
fully closing signél to the defrosting executing means (11Al)
so that the exgansion mechanism (5) is opened after holding a
fully closed ;tate for a set time, and then outputs an open-
ing holding signal to the defrosting executing means (11Al)
so that the expansion mechanism (5) holds the opened state
for a set time after fully closed.

Moreover, & measure instituted in the invention accord-
ing to claim 17 is so composed that, in the invention of
claim 16, the wet condifién coﬁfrol means (13A2) outputs a
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means (14) once opens the notor-operated expansion valve (5)

liquid refrigerant in the receiver (4) into the

34 i ndoor heat exchanger (6) through the downstream si de common passage
(8Y) as shown in Fig. 3, thereby preventing the operation in superheated

condi tion.
expansi on

The openi ng/ cl osi ng &ﬁeration of the notor-operated
valve (5) is executed a sikngle tine in every one

switching signal to the defrosting executing means (11A2) so
that the selector means (V2) is switched to the bypass commu-
nication state after the expansion mechanism (5) holds a
fully closed state for a set time, and then outputs a switch-

ing holding signal to the defrosting executing means (11A2)

so that the selector means (V2) holds for a set time the

bypass communication state switched from the main line commu-

nication state for a set time.

A measure instituted in the invention according to claim
12 comprises, instead of the superheating control means (14)
of the invention of claim 5, superheating control means
(14A1) for outputting a first and second switching signal to
the defrosting executing means (11Al1) so that when a refrig-
erant temperature on a discharge side of the compressor (1)
rises to or above a specified temperature, the selector means
(V2) is first switched to the main line communication state
and then switched again to the bypass communication state.

On the other hand, a measure instituted in the invention
according to claim 18 comprises, instead of the superheating
control means (14) of the invention of claim 5, superheating
control means (14A2) for outputting a fifst and second
switching signal to the defrosting executing means (11A2) so

that when a refrigerant temperature on a discharge side of
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mnute. In
.signal and

a full-close holding signal so that the not or - oper at ed expansi on val ve
(5) holds for one mnute the fully clpsed state after opened and cl osed,

detail, as shown in a termj, after outputting an openi ng

a closing signal, the superheating control nmeans (14) outputs

t her eby prohlblt- ing the excessive optning/closing operatlon
nd, when the Q|scharge pi-pe tenperature gaogs bel ow 85C i n

t he ot her

t he defrosfﬁ COIRTLSSOR,

Bdt Re&FSa top8rnBLRVENE épﬁﬁfﬁ% fEPgEpture.

condition control means (13) outputs a closing signal for the

open/ shut - dife &g lectov) meanshéVd )t He ddarishanibehedalboe thovmainskingor

20 seconds.

In detail, gas refrigerant is discharged fromthe receiver
communication state while the expansion mechanism (5) is

opened and then'the selector means (V2) is switched again to
the bypass communication state. |

A measure instituted in the invention according to claim
13 is so composed that, in the invention of ciaim 12, the
superheating control means (14Al) outputs a switching holding
signal to the defrosting executing means (11Al) so that the
selector means (V2) holds for a set time the bypass communi-
cation state switched from the main line communication state.

Further, a measure instituted in the invention according
to claim 18 is so composed that, in the invention of claim
18, the superheating control means (14A2) outputs a switching
holding signal to the defrosting executing means (11A2) so
that the selector means (V2) holds for a set time the bypass
communication state switched from the maip line communication

state.

- Operations -

Under the above structure, in the invention according to
claim 1, when the defrosting executing means (11) starts
defrosting operation in a reverse cycle according to a de-
frosting requiring signal, it makes the open/shut-off means

(SV) open while making the expansion mechanism (5) fully

On

(4)
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and flows through the bypass passage (4a). However, if the receiver (4) is
filled with liquid refrigerant, liquid re- frigerant turns back to the
conpressor (1) through the indoor - heat exchanger (6) so that the
conpressor (1) operates in wet conditiﬂg, t her eby decreasing the

di scharge-pi pe tenperature Td. To cope with this problem
the wet condition control neans (13} closes the open/shut-off valve (SV)
and shuts off the common passage (8a) and the bypass passage (4a) to pre-

closed.

Otherwise, in the invention according to claim 8, the
defrosting executing means (11Al) switches the selector means
(V2) to the bypass communication state and fully opens the
expansion mechanism (5). Alternatively, in th? invention
'according to claim 14, the defrosting executing means (11A2)
switches the selector means (V2) to the bypass communi;atién
state. Then, in sﬁch-conditions the defrosting executing
means (11, 11A1, 11A2) circulates gas refrigerant in the
receiver (4) into the main line through the bypass passage

(4a) thereby executing defrosting operation.

Further, at the initial stage of the defrosting opera-
tion, the open/shut-off means (SV) is closed in the invention
according to claim 2, while the sélector means (V2) is
switched to the main line comﬁunication state and the expan-
sion mechanism (5) is fully closed in the invention according
to claims 9 and 15. In other words, both the main line (9a)
and the bypass passage (4a) are shut off thereby preventing

turning back of liquid refrigerant from the receiver (4).

Then, in the case where a refrigerant temperature on a
discharge side of the compressor (1) drops to or below a

" specified temperature in the defrosting operation, the
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vent liquid refrigerant fromturning back, thereby preventing the

-operation in wet condition. The cl osi ng operation of the
open/ shut-off valve (SV) is executed a single tine in every 50 seconds. In
detail, as shown in a termm after ouytputting a closing signal, the wet

condition control means (13) outputs an~opening holding signal so that the
open/shut-off valve (SV) holds for 509 seconds the-opened state after

| d, t |t t / l,QSi f t.i.on. .
Ther oat t et P SIS St CROC (TR A8, P ¥eliesfhaseprans
D ahovis I I ¢ Whble { Hhe caagector means ((7E] 8% R1REeE MRS The ¢ T

main line communication state and the expansion mechanism (5)
is fully closed in the invention according to claims 10 and
16. In other words, since liquid refrigeraht in the receiver
.{4) may turn back to the compressor (1), both the main line
(9a) and the bypass passage (4a) are shut off thereby pre-
venting turning back of liquid refrigerant from the receiver
(4).

Subsequently, in the invention according to claim 4, the
open/shut-off means (SV) is held in an opened state for a set
time after it is closed. Otherwise, in the invention accord-
ing to claim 11, the selector means (V2) is switched from the
main line communication state to the bypass communication
state and the expansion mechanism (5) is held in an opened
state for a set time. Alternatively, in the invention accord-
ing to claim 17, the selector means (V2) is switched from the
main line communication state to the bypass communication
state and is held in this state for a set time. In othér
words, it is prevented to excessively execute opening/clos-
ing operation of the open/shut-off means (SV) and the expan-
sion mechanism (5) and switching operation of the selector
means (V2), therebf aY01ding operation in superheated condi-

tion of the compressor (1).
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that the defrosting operation period becones |onger than 10 mnutes, as
~shown in a point n, the defrosting executing neans (11) conpletes
defrosting operation, turns the four-way selector valve (2) to an ON state
to switch it as shown in the broken Iiijge of Fig. 2 and activates the
outdoor fan (3f), thereby starting heating operation in a hot start. At
the time just before the defrosting-operation is eonpleted, the frequency
step N of the conpressor (1) is set to becone 6 w thout exception

according to theOr}i{I'FJ é){héxh%:ﬂlds,Chﬁ{ 9%fe case where a refrigerant tem-
perature on a discharge side of the compressor (1) rises to
or above a specified temperature in the defrosting operation,
the expansion mechanism (5) is opened in the invention ac-
cording to claim 5, the selector means (V2) is switched to
‘the main line communication state and then switched back to
the bypass communication state in the invention according éo
claim 12, or otherwise in the invention according to claim 18
the selector means (V2) is switched to the main line communi-
cation state while the expansion mechanism (5) is opened and
then the selector means (V2) is switched back to the bypass
communication state. In other words, liquid refrigerant in
the receiver (4) is turned back so that the superheated re-
frigerant temperature is decreased, thereby preventing opera-
tion in superheated condition of the compressor (1).
Subsequently, the expansion mechanism (5) is held in the
fully closed state for a set time after opened and clpsed in
the invention according to claim 8, while the selector means
(V2) is held in the bypass communication state switched from
the main line communication state for a set time in the
invention according to claims 13 and 18. In other words, it
is prevented to excessively execute opening/closing operation
of the expansion mechanism (5) and switching operation of the

selector means (V2), thereby avoiding operation in wet condi-
Thes is the rapiacement sheet
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pi pe tenperature Td. Then, when the defrosting operation is

conpl eted, be- tween a point n and a point o the operation shifting neans
" (15) opens the open/shut-off valve (SV) for 2 mnutes and then closes it
to prevent ‘the short of refrigerant, while be- tween the point n and a

point p the operation shifting neans *{15) gradually opens the
not or - oper at ed expansi on valve (5) --to prevent the operation in wet

conditiontibn @?t%hb,cbﬂ%resgB?rQ& on shifting nmeans (15) first opens the
not or - oper at ed expansi on val ve % in a partially opened state of 80

pul se,

Theréafter, in the invention according to claim 9, when
the defrosting operation is completed, the open/shut-off
means (SV) is held in an opened state for a set time and is
-then closed while the expansion mechanism (5) is gradually
opened, thereby preventing turning back of liquid refrigerant
while ensuring the minimum circulation amount of refrigerant,

so that heating cycle operation is restarted.

- Effects -

According to the invention of each of claims 1, 8 and
14, since gas refrigerant in the receiver (4) is introduced
into the main line (8a) through the bypass passage (4a) in
the defrosting operation, when liquid refrigerant condensed
in the thermal-source-side heat exchanger (3) is stored into
the receiver (4) in the case of heavy frost, low open-air
temperature or short refrigerant piping, liquid refrigerant
in the receiver (4) can be securely prevented from turning
back to the compressor (1) without provision of any accumula-
tor. As a result, operation in wet condition of the compres-
sor (1) is securely prevented so that the compressor (1) is
subjected to no stress, thereby enhancing reliability of the
compressor (1).

Further, since no accumulator is needed, pressure loss
This is the replacement sheet
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holds it in this state for 10 seconds, then opens the notor- oper at ed
expansi on valve (5) by 2 pulses in every 5 seconds or opens it by 1 pulse
“in every 10 seconds in the case of the outdoor-air tenperature Ta of 23C

or less, and fuzzy- controls the opening of the notor-operated expansion
val ve (5) and the frequency step N offt he conpressor (1) so as to

becone the opti mum di scharge- pi pe tenperature, thereby re- starting

nor mal heating operation. - Characteristic Effects of Enbodi nent 1

According to the present enbodinent, since the open/shut-off valve
(SV) i s opeaBdbe ndgier eased nghenebyt eniranaing RRenfls A MaLfaTBANG S 13

receiver (4) is introduced into
the number of elements are reduced thereby resulting in cost

reduction.

According to the invention of each of cla%ms 2, 9 and
15, since both the main line (9a) and the bypass passage (4a)
are shut off at the initial stage of the defrosting ;per;-
tion, it can be securely prevented that liquid refrigerant in
the receiver (4) flows into the thermal-source-side heat
exchanger (3) and the used-side heat exchanger (6) due to
variation in pressure of the refrigerant circuit. Thus,
turning back of liquid refrigerant to the compressor (1) can
Ee prevented and a condensation area in the thermal-source-
side heat exchanger (3) can be sufficiently ensured, so that

defrosting performance can be increased.

According to the invention of each of claims 3, 10 and
18, since both the main line (9a) and the bypass passage (4a)
are shut off when a refrigerant temperature on a discharge
side of the compressor (1) drops in the defrosting operation,
liquid refrigerant on a suction side of the compressor (1)
can be evaporated. Consequently, turning back of liquid
refrigerant can be prevented so that operation in'wet condi-
tion of the compressor (1) can be securely prevented, thereby
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37 the main line (9a) via the bypass passage (4a), when liquid
refrigerant condensed in the outdoor heat exchanger (3) is stored in the
receiver (4) in the case of heavy frost, |ow open-air tenperature or short
refrigerant piping, liquid refrigerant . |n the receiver (4) can be securely
prevented fromturning back to the conﬁressor (1) w thout provision of
any accunmul ator. As a result, operation in wet condition of the conpressor
(1) can be sgeunekyeRnaenhgdreQisheiitfeor the compressor (1).
Further, according to the invention of each of claims 4,
11 and l7._since communication with the bypass passage (4a)
is held for a set time after both the main line (9a) and the
bypass passage (4a) are shut off, the compressor (1) can be
.prevented in advance from operation in superheatéd condition
due to frequent shutting-off control of the refrigerant
circuit.
According to the invention of each of claims 5, 12 and
18, when a refrigerant temperature on a discharge side of the
compressor (1) rises in the defrosting operation, the expan-
sion mechanism (5) is opened and communication is established
in the main line (9a). Thus, liquid refrigerant is turned
back to cool down superheated refrigerant on a suction side
of the compressor (1), so that operation in superheated
condition of the compressor (1) can be securely prevented
thereby further enhancing religbility of the compressor (1).
Further, according to the invention of each of claims 6,
13 and 19, since communication with the bypass passage (4a)
is held for a set time once the expansion mechanism (5) is
opened, the compressor (1) can be prevented in advance opera-

tion in wet condition due to frequent communication control

of the main line (9a).

According to the invention of claim 7, when the defrost-
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conpressor (1) is subjected to no stress, thereby enhancing reliability of
the conpressor (1). Further, since no accunul ator is needed, pressur.e
"l oss can be decreased thereby enhanci ng operation performance, and the
nunber of el enents can be reduced then%py resulting in cost reduction.
Furthernore, since the notor-operated €xpansion valve (5) and the
open/shut-off valve (SV) are closed--at the ini- t4ial stage of the
defrosting operation, it can be securely prevented that liquid refrigerant
in the receiver (4) flows into the outdoor heat exchanger (3) and the

i ndoor heainNgeRBREAFACY 6)S ArIRletedi athenoPanypiydaed TomMmaans re§¥) gbs ant

opened and the expansion mechanism (5) is gradually opened.
Since this ensures the minimum circulation amount of refrig-
erant at the shift to heating operation, heating performance
can be increased. Further, since turning bacg of liquid
refrigerant to the compressor (1) can be prevented, operation
in wet condition of the compressor (i) can be prevented.whiie
dilution of lubricating oil in the compressor (1) can be

prevented.

[BRIEF DESCRIPTION OF DRAWINGS]

. _

Fig. 1 is a block diagram showing the structure of the
present invention.

Fig. 2 is a refrigerant circuit diagram showing an
embodiment of the invention according to claims 1 to 7.

Fig. 3 is a schematic diagram showing a receiver.

Fig. 4 is a timing chart showing the control of defrost-
ing operation.

Fig. § is a refrigerant circuit diagram showing another
embodiment of the invention according to claims 1 to 7.

Fig. 6 is a refrigerant circuit diagram showing an
embodiment of the invention according to claims 8 to 13.

Fig. 7 1s a refrigerant circuit diagram showing an’
embodiment of the invention according to claims 14 to 19.
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circuit caused by swtching the four-way selector valve (2). Thus, turning
.back of liquid refrigerant to the conpressor (1) can be prevented and a
condensation area in the outdoor heat exchanger (3) can be sufficiently

ensured, so that - g 38 defrosting
performance can be increased. Further, since the open/shut-off

valve (SV) is closed when the discharge-pipe tenperature Td drops in the
def r ost - Fig. 8 is a refrigerant circuit diagram showing another

embodiment.

[BEST MODE FOR CARRYING OUT THE INVENTION]
Below, embodiments of this invention will be described
with reference to the drawings. :
- Embodiment 1 -
Fig. 2 shows a refrigerant piping system of an air
conditioner applying this invention, which is a so-called se-

parate type one in which a single indoor unit (B) is connect-

ed to a single outdoor unit (A).

The outdoor unit (A) comprises a compressor (1) of
scroll type to be variably adjusted in operational frequency
by an inverter, a four-way selector valve (2) switchable as
shown in a solid line of Fig. 2 in cooling operation and in a
broken line of Fig. 2 in heating operation, an outdoor heat
exchanger (3) as a thermal-source-side heat exchanger which
functions as a condenser in cooling operation and as an
evaporator in heating operation, and a pressure reduction
part (20) for reducing refrigerant in pressure. The outdoor
heat exchanger (3) is provided with an outdoor fan (3f).

In the indoor unit (B), there is disposed an indoor heat
exchanger (6) as a used-side heat exchanger which functions

as an evaporator in cooling operation and as a condenser in

19 This is the repiacement sheet
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i ng operation, liquid refrigerant on a suction side of the conpressor (1)
can be evaporated. Consequently, turning back of liquid refrigerant can be
‘pr.evented so that operation in wet condition of the conpressor (1) can be
securely prevent- ed, thereby further?%nhancing reliability of the
conpressor (1) . Furthernore, since the open/shut-off valve (SV)
once closed is held in an opened state for a set tinme, the com pressor
(1) can be prevented in advance fromoperating in superheated condition
due to frequent closing control of the open/shut-off valve (SV)

Furt her, R¢RELNE@PRHEDBiORpeTRE cindepanbeas ¢4Fhengsy (§) 1s provided
with an indoor fan (8f).

The compressor (1), the four-way selector valve (2), the

outdoor heat exchanger (3), the pressure reduction part (20)

and the indoor heat exchanger (6) are sequentially connected

through refrigerant piping (8), thereby forming a refrigerant

circuit (9) in which circulation of refrigerant causes heat

transfer.

The pressure reduction part (20) includes a bridge-like
rectification circuit (8r) and a common passage (8a) connect-
ed to a pair of connection points (P, Q) of the rectification
circuit (8r). In the common passage (8a), there are arranged
in series a receiver (4), which is placed in an upstream-side
common passage (8X) serving as a high-pressure liquid line at
any time, for storing liquid refrigerant, an auxiliary heat
exchanger (3a) for outdoor heat exchanger (3), and a motor-
operated expansion valve (5) freely adjustable in opening,
which serves as an expansion mechanism having a function of
reducing liquid refrigerant in pressure and a function of
adjusting a flow rate of liquid refrigerant.

Another pair of connection points (R, S) of the rectifi-
cation circuit (8r) are connected to the indoor heat ex-
changef (6) side of the refrigerant piping (8) and the out-
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opened when the discharge-pipe tenperature Td rises in the - defrosting
operation, liquid refrigerant is turned back to cool down superheated
‘refrigerant on a suction side of the conpressor (1), so that operation in
super heated condition of the conpressor, (1) can be securely prevented
thereby fur- ther enhancing reliability of the conpressor (1).
Furthernore, since the notor-operated expansi on valve

39 (5) ideocandeeapexvechamglets(Bhesildel dfi ntlee fréfyigkosad gtigting (8)

respectively. There is formed a main line (9a) in which the
compreséor (1), the fouf—way selector valve (2), the outdoor
heat exchanger (3), the rectification-circuit (8r) and the
common passage (8a) are sequentially connected and the
rectification circuit (8r), the indoor heat exchanger (8),
the four-way selector valve (2) and the compressor (1) are
sequentially connected. |
Further, the rectification circuit (8r) is provided
with: a first inflow passage (8bl) which connects the up-
. stream-side connection point (P) of the common passage (8a)
to the connection point (S) on the outdoor heat exchanger (3)
side and has a first non-return valve (D1) for allowing
refrigerant to flow only in a direction from the outdoor heat
exchanger (3) to the receiver (4):; a second inflow passage
(8b2) which connects the upstream-side connection point (P)
of the common passage (8a) to the connection point (R) on the
indoor heat exchanger (6) side and has a second non-return
valve (D2) for allowing refrigerant to flow only in a direc-
tion from the indoor heat exchanger (8) to the receiver (4);
a first discharge passage (8cl) which connects the down-
stream-side connection point (Q) of the common passage (8a)
to the connection point (R) on the indoor heat exchanger (6)
side and has a third non-return valve (D3) for allowing

refrigerant to flow only in a direction from the motor-oper-
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for a set time, the conpressor (1) can be prevented in ad- vance from
operating in wet condition due to frequent open- I ng/ cl osing control of
t he notor-operated expansi on val ve (5). In other words, the wet condition
control neans (13) and the superheatijg control neans (14) hold the
di schar ge- pi pe tenperature Td in an oOptimumtenperature so that the
conpr es- sor (1) is subjected to ne stress. . Mor eover, when the
defrosting operation is conpleted, the open/shut-off valve (SV) is opened
and the notor-operated expansion valve (5) is gradually opened. Since this
ensures tatedi ekpamsdiorc walkven(ahotot the refddoyerheat aexchengigirf t{ &lo
heati ng operation, heating perfornmance can be increased.

and a second discharge passage (8c2) which connects the

downstream-side connection point (Q) of the common passage
(8a) to the connection point (S) on the outdoor heat exchang-
er (3) side and has a fourth non-return valve (D4) for allow-
ing refrigerant to flow only in a direction from the motor-

operated expansion valve (5) to the outdoor heat exchanger

(3).

Between both the connection points (P, Q) of the common
passage (8a) of the rectification circuit (8r), a liquid seal
preventing bypass passage (Sf) provided with a capillary tube
(C) is formed. The liquid seal preventing bypass passage (8f)
prevents liquid seal at the deactivation of the compressor
(1). Further, between the upper part of the receiver (4) and
a part of the downstream-side common passage (8Y) which is
located on a downstream side of the motor-operated expansion
valve (5) and serves as a low-pressure liquid line at any
time, there is provided an open/shut-off valve (SV) as
open/shut-off means connected to a bypass passage (4a) for
bypassing the motor-operated expansion valve (5), thereby
venting gas refrigerant stored in the receiver (4).

In detail, as shown in Fig. 3, the receiver (4) is
connected at a body casing (41) thereof to the upstream-side
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Further, since turning back of liquid refrigerant to the conpressor (1)
can be prevented, operation in wet condition of the conpressor (1) can be
"prevented while dilution of lubricating oil in the conpressor (1) can be
prevent ed. - Modification of Eabodinent 1 - Fig. 5 shows a
not or - operated valve (V1) freely adjust- able in opening, which is
substituted for the open/shut off walve (SV) of the above enbodi nent.

Q her structdinfon P Sge | {fé%f')s anle ehbpks Br 4f- 4 fl:?eséé‘iﬁn@ﬁ st%ﬁ'Eea?@W

embodi ment.  The opening of the notor-operated val ve (V1) e con-
and the bypass passage (4a). The downstream-side common pas-
sage (8Y) is introduced into an inner bottom part of the body
casing (41) in order that liguid refrigerant is discharged
therefrom. The bypass passage (4a) is connected to the upper

.part of the body casing (41) in order that gas refrigerant is'

discharged therefrom.

The degree of pressure reduction of the capillary tube
(C) is set at a sufficiently larger value than the motor-
operated expansion valve (5) so that the motor-operated
expansion valve (5) adequately maintains the function of
adjusting a flow rate of refrigerant in normal operation.

(F1 to F4) indicate filters for removing dusts from
refrigerant, and (ER) indicates a silencer for reducing

operational sound of the compressor (1).

The air conditioner is provided with various sensors.
(Thd) ié a discharge pipe sensor, which is disposed in a
discharge pipe of the compressor (1), for sensing a dis-
charge-pipe temperature Td as a refrigerant temperature on a
discharge side of the compressor (1). (Tha) is an outdoor
inlet sensor, which js disposed in an air inlet of the out-
door unféﬁ(A). for sensing an outdoor-air temperature Ta as

'-\.' -

an open-air temperature. (The) is an outdoor heat-exchange
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40 trolled into a fully opened state and a fully cl osed state, or may

be otherw se adjusted according to the discharge-pipe tenperature Td or
the |ike. - Enbodi nent 2 - Fig. 6 shows an enbodi nent of the

invention according to clainms 8 to 13;,1n the present enbodinment, a three
way valve (V2) is substituted for the open/shut-off valve (SV) of the
above enbodi nent, and the bypass passage (4a) is connected to

sensor, which is disposed in the outdoor heét exchanger (3),
for sensing an outdoor heat-exchange temperature Tc as a
condensation temperature in cooling operation and as an
evaporation temperature in heating operation. (Thr) is an
indoor inlet sensor, which is disposed in an air inlet of the
.indoor unit (B), for sensing an indoor-air temperature Tr as
a room temperature. (The) is an indoor heat-exchange s;nsof,
which is disposed in the indoor heat exchanger (6), for
sensing an indoor heat-exchanée temperature Te as an evapora-
tion temperature in cooling operation and as a condensation
temperature in heating operation. (HPS) is a high-pressure-
control pressure switch for sensing a pressure of high-pres-
sure refrigerant and turning on at the excessive rise in
pressure of high-pressure refrigerant to output a high-pres-
sure signal. (LPS) is a low-pressure-control pressure switch
for sensing a pressure of low-pressure refrigerant and turn-
ing on at the excessive drop in pressure of low-pressure
refrigerant to output a low-pressure signal.

Respective output signals of the sensors (Thd to The)
and the switches (HPS, LPS) are inputted into a controller
(10). The controller (10) is so composed as to control air
conditioning according to the input signals.

In the above-mentioned refrigerant circuit (9), circula-

tion of refrigerant in cooling operation is made in the
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a high-pressure side of the notor-operated expansion valve (5). The
three way valve (V2) forns a selector neans switcha- ble between a bypass
comuni cation state in which the high- pressure side of the notor-operated
expansiog valve (5) is comunicated wth the bypass passage (4a) and a
main |ine& conmunication state in which the high-pressure side of the

not or - oper at ed expansi on valve (5) is-communicated with the conmmon passage

(8a) of thgomiswingembd@er. Refrigrhud! Ursee clépseat ian wie AftdsbENG

Qperation Control of Enbodinent 2 - Description will be nade about

the struct We@taRGARPEAT (3) so as to be liquefied. Liquid refrigerant
thus liquefied flows through the first non-return valve (D1)
from the first inflow passage (8bl), is then stored in the.
receiver (4), is reduced in pressure by the motor-operated
-expansion valve (5), flows through the first discharge pas-
sage (Scl), and is evaporated in the indoor heat exchanger
(6). Refrigerant thus evaporated returns to the compressor
(1). On the other hand, circuiation of refrigerant in heating
operation is made in the following manner. Refrigerant is
condensed in the indoor heat exchanger (6) so as to lique-
fied. Liquid refrigerant thus liquefied flows through the
second non-return valve (D2) from the second inflow passage
(8b2), is then stored in the receiver (4), is reduced in
pressure by the motor-operated expansion valve (5), flows
through the second discharge passage (8c2), and is evaporated
in the outdoor heat exchanger (3). Refrigerant thus evaporat-
ed returns to the compressor (1).

The controller (10) sections an operational frequency of
the inverter into 20 steps N from zero to the maximum  fre-
quency, controls the capacity of the compressor (1) by find-
ing out each frequency step N so that the discharge-pipe
temperature Td becomes an optimum discharge-pipe temperature,
and controls the opening of the motor-qperated expansion
valve (5) so that the discharge-pipe temperature Td becomes
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tions of defrosting operation control in an enbodinent of Fig. 6, with
reference to the timng chart of Fig. 4. First, when the
‘defrosting executing neans (11Al1) starts defrosting operation at a point
f, it swtches the four-way sel ectoryyalve (2) as shown in the solid line
of Fig. 6 and switches the three way valve (V2) as shown in the broken
l'ine of Fig. 6, so that the bypass-passage (4a) i-s comruni cat ed wth

t he notor-operated expansi on valve (5) thereby resulting

an optimum discharge-pipe temperature.

The controller (10) has, as a feature of this invention,
a defrosting executing meané-(ll), an initial control means
(12), a wet condition control means (13), a ;pperheating
.control means (14) and an operation shifting means (15).

The defrosting executing means (11) is so composed.as éo
make the motor-operated expansion valve (5) fully closed and
make the open/shut-off valve (SV) open according to a de-
frosting requiring signal outputtéd when the refrigerant
circuit (9) becomes specified conditions and to execute de-
frosting operatidn in the revefse cycle.

For example, the controller (10) memorizes the sum of
heating performance from the start of heating operation after
the end of defrosting operation, divides the sum of heatiné
performance by the period of time that a heating operation
period after the end of defrosting operation and a defrosting
operation period to be preliminary expectéd are added to
calculate a mean value of heating performance, and outputs a
defrosting requiring signal when the mean value of heating
performance is below the last-time mean value of heating
performance.

In any one of the case that the frequency step N of the
compressor (1) drops to 6, the case that the discharge-pipe
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in the bypass communi cation state. Further, the initial control neans
(12A1) controls the notor-operated expansion valve (5) to hold it in a

fully closed state for 15 seconds i n correspondence with the cl osure of
t he open/shut-off val ve (SV) in the before-nentioned enbodi nent (See
points f to g of Fig. 4). Thereafter, the notor-operated

expansi on valve (5) is opened at a-specified openi-ng and is held in the

specified _openin so that . gas refriger in {he receiver %3% IS _
introducedtt&ﬁﬁﬁéﬁqﬁfiﬁﬁo5? ﬁéa?gQXEhgﬁggk(ﬁﬁétﬁh%uﬁﬁs?héh 04 $essage
(4a) thereby executing defrosting operation._  Wen the discharge-pipe
tenperaturé¥ﬁﬁtﬁpgégpgggﬁéogop@rgﬁd becomes longer than 10 minutes, the

defrosting executing means (11) completes the defrosting

operation.

The initial control means (12) outputs &an initially
closing signal to the defrosting executing means (11), until
a set time passes from the sta}t of the defrosting operation,
e.g., until 15 seconds pass, so as to make the open/shut-off
valve (SV) closed, thereby closing the refrigerant circuit

(9) for 15 seconds.

The wet condition control means (13) outputs a closing
signal for closing the open/shut-off valve (SV) to the de-
frosting executing'means (11), so that when the discharge-
pipe teméerature Td of the compressor (1) drops below a
specified temperature, e.g., 85°C, the open/shut-off valve
(SV) holds a closed state for a set time and then becomes an
opened state, e.g., for 20 seconds. Further, the wet condi-
tion control means (13) outputs an opening holding.signal to
the defrosting executing means (11) so that the open/shut-off
valve (SV) holds for a set time the opened state after
closed, e.g., so that the open/shut-off valve (SV) holds the
opened state for 30 seconds by activating a timer for 50

seconds after the output of the closing signal.
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the defrosting operation, the superheating control nmeans (14Al) outputs a
switching signal to switch the three way valve (V2) as shown in the solid
line of Fig. 6 thereby formng the main |ine conmunication state. Then,
the super- heating control nmeans (14Alx switches again the three way

val ve (V2) as shown in the broken line of Fig. 6 thereby

42 form ng the bypass comruni cat+on state, and subsequently out puts a

swi tching hol ding signal to hold the bypass comu-

The superheating control means (14) outputs respective
signals for opening and closing the motor-operated expansion
valve (5) to the defrosting executing means (11), so that
when the discharge-pipe temperature Td of the compressor (;)
rises above a specified temperature, e.g., 90°C, the motor-
operated expansion valve (5) is opened to a specified Apenihg
and then closed into a fully closed state. In other words,
the superheating control means (14) once opens the motor-
opeérated expansion valve (5) of a fully closed state to a
partially opened state of 200 pulses, in which a fully opened
state of the motor-operated expansion valve (5) is indicated
as 480 pulses, and then fully closes it. Further, the super-
heating control means (14) outputs a full-close holding
signal to the defrosting executing means (11) so that the
motor-operaﬁed expansion valve (5) holds for a set time a
fully closed state after opened and closed. In detail, the
superheating control means (14) activates the timer for one
minute after the output of the opening and closing signals
and prohibits the second and later times opening/closing

operations until one minute passes.

The operation shifting means (15) executes the shift

from defrosting operation to heating cycle operation when the

This is the repiacement sheet

3 0 0CT 9%

Date:



nication state for a set tine (See points htoi and a term | of Fig. 4).
In other words, because the conpressor (1) is on its way to superheated
condition, operation in superheated condition is prevented by the

i ntroduction of liquid refrig- er ant 5? the receiver (4) toward the

I ndoor heat exchanger (6). he ot her hand, when the

di scharge-pi pe tenperature Td drops-below 85[err]C, the wet condition

control negdpr b3tk esvéfcmtﬁganifet&dg/ @08 Ul gP@s dofFBkeihReopera-
nntor-operated expansi on val ve ) fully closed for 20 seconds, and subse-

quently oufp, ?gf HL' 1;8' 8%‘3&}% 1}5‘1«% %ﬁ%gﬁ‘sﬁx&i‘t%ﬁ' +8fve P59 RBenIe

expansi on va vé a speci
it open for a set time in a heating cycle and then turn it

closed while controlling the motor-operated expansion valve
(5) to gradually open it to a specified opening. In detail,
‘the operation shifting means (15) opens the open/shut-off
valve (SV) for two minutes after the completion of defrosting
operation and then closes it, while executing gradually
opening control of the motor-operated expansion valve (5) for
three minutes after the completion of defrosting operation in
such a2 manner as to once open the motor-operated expansion
valve (5) of a fully closed state to 80 pulses, hold it in
the partially opened state for 10 seconds, and then open it
by 2 pulses in every five seconds or open it by 1 pulse in

every 10 seconds when the outdoor-air temperature Ta is 23°C

or less.

- Defrosting operation in Embodiment 1 -
Next, description will be made about controls of de-
frosting operation of the air conditioner above-mentioned,
* with reference to a timing chart of Fig. 4.
First, in heating cycle operation, the four-way selector
valve (2) is turned to an ON state as shown from a point a to
peint b, that is, switched to the broken line shown in Fig.

2, to fuzzy-control the opening of the motor-operated expan-
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state for 30 seconds (See points k to 1 and a termmof Fig. 4). In ot

wor ds,

because the conpressor (1) is onits way to wet condition, the

comon passage (8a) and the bypass passage (4a) are shut off together

thereby preventing the operation in wet_condition.

Ther eafter,

the defrosting operation is conpleted (See a point n of Fig. 4), the
four-way selector valve (2) is swtched as shown in the broken |line of

Fig. 6 and the three

sion valve (5) and the frequency step N of the compressor (1)
so as to be an optimum discharge-pipe temperature, thereby
performing heating operation.

At the point b, the controller (10) outputs a gefrosting
requiring signal according to a mean value of hgating per-
formance. When the defrosting requiring signal is outputted,
defrosting operation waits until preparation of defr;stiﬁg
operation in the indoor unit (B) is completed at a point c,
e.g., until treatment on a heater or the like is completed,
the low-pressure-control pressure switch (LPS) is masked and
then defrosting operation further waits for 35 seconds to a
point d, i.e., to the time that the frequency étep N of the
compressor {1) to switch the four-way selector valve (2),

which is 6, comes.

Thereafter, from the point d, fully closing operation
for making the opening of the motor-operated expansion valve
(5) into 0 pulse is started and liquid refrigerant stored in
the outdoor heat exchanger (3) is recovered. When the time
sufficient for fully closing the motor-operated_expansion
valve (5) has passed, the indoor fan (6f) is deactivated at a
boint e and heat storage in the indoor heat exchanger (6) is

executed with high-pressure refrigerant.

This heat storage operation is completed when it has

her

when
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43 way valve (V2) is switched as shown in the solid |line of Fig. 6 so
that the main line comunication state is fornmed, while t he

not or - oper at ed expansi on valve (5) is opened to a target openi ng. Thus,
normal heating operation is restarted. .. Ot her structure and operations
are the same as in the before-nentionéd enbodi nent. Accordingly, in the
present enbodinent, simlar to the bhefore-nentioned enbodi nent, operation

in wet conbleéhobxandteRerdlrl @ imdsSURe headdris covigéit | Dhe ofi ndbe rc higaressor

(1) can be securely prevented w thout any accumul ator, thereby enhancing

operation pgehghPe t3RperAMh EIPAPEIELY bolRe 3800RT eafe A2 outdoor
heat-exchange temperature Tc drops below -30°C, or when the
present outdoor heat-exchange temperature Tc drops 4 °C more
than the outdoor heat-exchange temperature Tc at the time
before the heat storage is started ($ee a point f).

At this point f, the defrosting executing means (11)
deactivates the outdoor fan (3f), switches the four-way
selector valve (2), i.e., switches according to the defrost-
ing requiring signal the four-way selector valve (2) as.shown
in the solid line of Fig. 2 to set it to a cooling cycle, and
feeds to the outdoor heat exchanger (3) high-temperature

refrigerant discharged from the compressor (1) to start

defrosting operation in the reverse cycle.

.As a feature of this invention, when the defrosting
operation is started, the defrosting executing means (11)
ordinarily closes the motor-operated expansion valve (5) into
a fully closed state of O pulse and opens the open/shut-off
valve (SV), thereby shutting off the common passage (8a) and
opening the bypass passage (4a). However, since the initial
control means (12) outputs an initially closing signal, the
open/shut-off valve (SV) is closed so that the common passage

(8a) and the bypass passage (4a) are shut off until 15 sec-

onds passes.
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- Enbodi nent 3 - Fig. 7 shows an enbodi nent of the invention
according to clains 13 to 19. In the present enbodi nent, the bypass pas-
sage (4a) is connected to a | ow pressure side of the notor- operated
expansi on val ve (5) instead of being co gected to the high-pressure side
of the notor-operated expansion val ve ? ) in the above enbodi nent of Fig.
6. The three way valve (V2) forns a sel ector neans swtcha- ble

bet ween a bypass conmuni cation state in which the down- stream side common
passage (8Y) is conmunicated with the bypass passage (4a) and a main line
conmmuni cati on simtéetailwhswhtthénglonfstheafoardeayomele cpassaglBY)2) s

comuni cated wth the common passage (8a).

reverses the pressure distribution of refrigerant in the
refrigerant circuit (9) to make the refrigerant pressure in
the receiver (4) higher than the respective refrigerant
pressures in the outdoor heat exchanger (3) and the indoor
heat exchanger (6). If under such conditions the motor-
operated expansion valve (5) and the open/shut-off valvé (SV)
remain opened, liquid refrigerant of high-temperature and
high-pressure flows through the outdoor hgat exchanger (3)
and the indoor heat exchanger (6). Further, in such a case,
liquid refrigerant is evaporated in the indoor heat exchanger
(6), and refrigerant thus evaporated expels liquid refriger-
ant from the indoor heat exchanger (6) so that liquid refrig-
erant excessively flows into the compressor (1), while liquid
refrigerant flowing into the outdoor heaf exchanger (3)
reduces a condensation area. As a result, defrosting perform-
ance 1s reduced. To solve this problem, as mentioned above,
the motor-operated expansion valve (5) and the open/shut~off
valve (SV) are closed thereby preveﬁtiné the discharge of
liquid refrigerant from the receiver (4).

Thereafter, when 15 seconds has passed, the defrosting
executing means (11) opens the open/shut-off valve (SV) at a
point g to execute ordinary defrosting operation and gradual -
ly increases the operational frequency N of the compressor
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44 - Structure and Operation of Defrosting Operation Controls

of Enbodi nent 3 - Description will be nmade about the structure and
" oper a- tions of defrosting operation control in an enbodi nent of Fig.
7, with reference to the timng chart of Fig. 4. First, when the
defrostlng executing neans (11A2) stggts defrosting operation at a point
f, it swtches the four-way - .
(1).

Then, refrigerant discharged from the compressor (1) is
condensed in the outdoor heat exchanger (3) to dissolve frost
and flows into the receiver (4). From the receiver (4), gas
refrigerant flows into the indoor heat exchanger (6) via the
‘bypass passage (4a) and returns to the compressor (1). By

such circulation of refrigerant, defrosting operation is

executed.

Subsequently, when the discharge-pipe temperature Td
rises above 90°C in the defrosting operation, between a
point h and a point i the superheating control means (14)
outputs respective signals for opening and closing the
motor-operated expansion valve (S5) to once open the motor-
operated expansion valve (5) to 200 pulses and then cleose it.
In detail, gas refrigerant is discharged from the receiver
(4) and flows through the bypass passage (4a)._However, in
the case of defrosting at a high open-air temperature or the
éase of long refrigerant piping, it readily becomes short of
refrigerant so that the compressor (1) causes operation in
superheated condition thereb& increasing the discharge-pipe
temperature Td.

To cope with.this problem, the superheating control
mean; (14) once opens the motor-operated expansion ﬁalve (5)

to introduce liquid refrigerant in the receiver (4) into the
fhis is e repiscement sheel
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sel ector valve (2) as shown in the solid line of Fig. 7 and swi tches the
three way valve (V2) as shown in the broken |ine of Fig. 7, so that the
bypass passage (4a) the bypass passage (4a) is comrunicated with the

downstream si de conmobn passage (8Y), thereby resulting in the bypass
conmuni cati on state. Further, the initial control neans (12A2) holds the

t hree way valve (V2) in the main |-i ¥ comunication state shown in the
solid line of Fig. 7 while controlling the notor-operated expansi on

Xgl¥g5(5) tihdﬁﬂﬁiﬂéaf”eﬁcﬁéﬁéyfcg9§egh§5@§ %HE_&5wnsffsﬁﬁﬂg§d%ncommon

pondence with the closure of the open/shut 0 valve (SV) 1n the

bef or e- mentj pogdyemqd) yrept gﬁ%ﬁﬁxﬁﬂt%ig.fayotﬂe@%J§gpréLénting the
operation in superheated condition.

The opening/closing operation of the motor-operated
expansion valve (5) is executed a single time in every one
minute. In detail, as shown in a term j, after outputting an
opening signal and a closing signal, the superheating céntral
means (14) output§ a full-close holding signal so that the
motor-operated expansion valve (5) holds for one minute the

fully closed state after opened and closgd, thereby prohibit-'

ing the excessive opening/closing operation.

On the other hand, when the discharge-pipe temperature
Td drops below 85°C in the defrosting operation, between a
point k and a point 1 the wet condition control means (13)
outputs a closing signal for the open/shut-off valve (SV) to
hold the open/shut-off valve (SV) closed for 20 seconds. In
detail,.gas refrigerant is discharged from the receiver (4)
and flows through the bypass passage (4a). However, if the
receiver (4) is filled with liquid refrigerant, liquid re-
frigerant turns back to the compressor (1) through the indoor
heat exchanger (8) so that the compressor (1) operates in wét
c?ndition. thereby decreasing the discharge-pipe temperature
Td.

This is the replacement SheEt

cate: 30 0CT 19



Thereafter, the defrosting executing neans (11A2) switches the three way
valve (V2) as shown in the broken line of Fig. 7 to formthe bypass
: 45

comuni cation state, so that gas
refrigerant in the receiver (4) is introduced toward the i ndoor heat

exchanger (6) through the bypass pass3@e (4a) t her eby executing
defrosting operation. Wen the di scharge- gbpe tenperature Td rises above
su

90 C in the def F@stGIRE opkEh- this grof Ph&&S rfif%émtri&ln ST 24 4A2)

outputs a swtch-
means (13) closes the open/shut-off valve (SV) and shuts off

the common passage (8a) and the bypass passage (4a) to pre-
vent liquid fefrigerant from turning back, thereby preventing
the operation in wet condition.

The closing operation of the open/shut—off valve (SV) is
executed a single time ip every 50 seconds. In detail; as
shown in a term m, after outputting a closing signal, the wet
condition control means (13) outputs an opening. holding
signal so that the open/shut-off valve (SV) holds for 50
seconds the opened state after closed, thereby prohibiting

the excessive closing operation.

Thereafter, in any one of the case that the frequency
step N of the compressor (1) drops to 6, the case that the
discharge-pipe temperature Td rises above 110 °C, and the case
that the defrosting operation period becomes longer than 10
minutes, as shown in a point n, the defrosting executing
means (11) completes defrosting operation, turns the four-way
selector valve (2) to an ON state to switch it as shown in
the broken line of Fig. 2 and activates the outdoor fan (3f),
thereby starting heating operation in'a hot start. At the
time just before the defrosting operation is completed, the
frequency step N of the compressor (1) is set to become 6

‘without exception according to the timer or the discharge-

v
4
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ing signal to swtch the three way valve (V2) as shown in the solid line
of Fig. 7 thereby formng the nain |ine communica- tion state, and opens
t he notor-operated expansion val ve (5) to a specified opening. Then, the
super heati ng control means (14A2) swit.ches again the three way val ve (V2)
as shown in the broken line of Fig. 7 thereby formng the bypass comuni -
cation state, and subsequently outputs a sw tching-hol di ng signal to hold
t he bypass comruni cation state for a set tine (See points htoi and a
termj of Fig. 4). In other words, because the conpressor (1) is on its

way to supkibeatemperaturetTdn, operation in superheated condition is
prevent ed by the introduction of liquid refrigerant in the receiver (4)
toward the indoor heat exchanger (6).

Then, when the defrosting operation is completed, be-
tween a point n and a point o the operation shifting means
(15) opens the open/shut-off valve (SV) for 2 minutes and
then closes it to prevent the short of refrigerant, while be-
tween the point n and a point p the operation shifting‘meaﬁs
(15) gradually opens the motor-opefated expansion valve (5)
to prevent the operation in wet condition. In detail, the
operation shifting means (15) first opens the motor-operated
expansion valve (5) in a partially opened state of 80 pulse,
holds it in this state for 10 seconds, then opens the motor-
operated expansion valve (5) by 2 pulses in every 5 seconds
or opens it by 1 pulse in every 10 seconds in the case of the
outdoor-air temperature'Ta of 23°C or less, and fuzzy-
controls the opening of the motor-operated expansion valve
(5) and the frequency step N of the compressor (1) so as to

become the optimum discharge-pipe temperature, thereby re-

starting normal heating operation.

- Characteristic Effects of Embodiment 1 -

According to the present embodiment, since the
open/shut-off valve (SV) is opened in defrosting operation so
that gas refrigerant in the receiver (4) is introduced into

"This is the repiacement sheet
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On the other hand, when the discharge-pipe tenperature Td drops bel ow
.85[err]C, the wet condition control neans (13A2) outputs a switching
signal to switch the three way valve (V2) as shown in the solid |line of

Fig. 7 thereby formng the main |ine comunication state, and nakes the
nmot or - operat ed expansi on valve (5) fufly closed for 20 seconds. Then, the
46 wet condition control neans (13A2) switches again the three

the main line (9a) via the bypass passage (4a), when liquid
refrigerant condensed in the outdoor heat exchanger (3) is
stored in the receiver (4) in the case of heavy frost, low
open-air temperature or short refrigerant piping, liquid
refrigerant in the receiver (4) can be securely prevented
from turning back to the compressor (1) without provision of
any accumulator. As a result, operation in wet condition of
the compressor (1) can be securely prevented so that the
compressor (1) is subjected to no stress, thereby enhancing
reliability of the compressor (1).

i Further, since no accumulator is needed, pressure loss
can be decreased thereby enhancing operation performance, and
the number of elements can be reduced thereby resulting in

cost reduction.

Furthermore, since the motor-operated expansion valve
(5) and the open/shut-off valve (SV) are closed at the ini-
tial stage of the defrosting operation, it can be securely
prevented that liquid refrigerant in the receiver (4) flows
into the outdoor heat exchanger (3) and the indoor heat
exchanger (6) due to variation in pressure of the refrigerant
circuit caused by switching the four-way selector valve (2).
Thus, turning back of liquid refrigerant to the compressor
(1) can be prevented and a condensation area in the outdoor

heat exchanger (3) can be sufficiently ensured, so that

This is the replacement sheet
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way valve (V2) as shown in the broken line of Fig. 7 thereby formng the
‘bypass communi cation state, and subsequently out puts a switching hol ding
signal to hold the bypass commu- nication state for-a set tine (See
points k to | and a termm of Fig. 4}g In other words, because the _
conpressor (1) is on Its way to wet condition, the commbn passage (8a)
and the bypass passage (4a) are shut off together- thereby preventing

the operation in wet condition. Thereafter, when the defrosting
operation_is conpl eted (See a point n of Fig. 4), the four-way sel ector
val ve (2)d¢Erostipg cheul QEmanriwtah Rheltpt@sedine of Fig. 7 and the three
way valve (V2) is switched as shown in the solid |line of Fig.

Further, since the open/shut-off valve (SV) is closed
when the discharge-pipe temperature Td drops in the defrost-
ing operation, liquid refrigerant on a suction‘side of the
compressor (1) can be evaporated. Consequently, turning back
of liquid refrigerant can be prevented so that operat;on in
wet condition of the compressor (1) can be securely prevent-
ed, thereby further enhancing reliability of the compressor
(1).

Furthermore, since .the open/shut-off valve (SV) once
closed is held in an opened state for a set time, the com-
pressor_(l) can be prevented in advance from operating in
superheated condition due to frequent closing control of the

open/shut-off valve (SV).

Further, since the motor-operated expansion valve (3) is
opened when the discharge-pipe temperature Td rises in the
defrosting operation, liquid refrigerant is turned back to
cool down superheated refrigerant on a suction side of the
compressor (1), so that operation in superheated condition of
the compressor (1) can be securely prevented thereby fur-
ther enhancing reliability of the compressor (1).

Furthermore. since the motor-operated expansion valve

Thiz 3 e repiscement sheet
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7 so that the main line communication state is fornmed, while t he
not or - oper at ed expansi on valve (5) is opened to a target openi ng. Thus,

‘normal heating operation is restarted. Qt her structure and operations
are the sane as in the before-nentiongd enbodi ment of Fig. 2. Accordingly,
in the present enbodinment, simlar to the before-nmentioned enbodi- nent

operation in wet condition and operation in superheated condition of the -

compriessor $1);¢agnBe speied Mot Q€L Hrsh nditffiPYa HNANG! 89056k BRblely Of
the conpressor (1). 47
for a set time, the compressor (1) can be prevented in ad-
vance from operating in wet condition due to frequent open-
ing/closing control of the motor-operated expansion valve
(53). In other words, the wet condition control means (13) and
the superheating control means (14) hold the discharge-pipe

temperature Td in an optimum temperature so that the compres-

sor (1) is subjected to no stress.

Moreover, when the defrosting operation is completed,
the open/shut-off valve (SV) is opened and the motor-operated
expansion valve (5) is gradually opened. Since this ensures
the minimum circulation amount of refrigerant at the shift to
heating operation, heating performance can be increased.
Further, since turning back of liquid refrigerant to the
compressor (1) can be prevented, operation in wet condition
of the compressor (1) can be prevented while dilution of

lubricating oil in the compressor (1) can be prevented.

- Modification of Embodiment 1 -

Fig. 5 shows a motor-operated valve (V1) freely adjust-
able in opening, which is substituted for the open/shut-off
valve (SV) of the above embodiment. Other structure, opera-
tions and effects are the same as in the above embodiment.

‘ The opening of the motor-operated valve (V1) may be con-
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- Enbodi nent 4 - Fig. 8 shows another enbodi nent of this invention.
In the present enbodinent, a capillary (CP) is provided instead of the
open/ shut-of f valve (SV) of the enbodi nent of Fig. 2. Accordingly, in
defrosting operation, the notor-operatggd expansion valve (5) is fully
closed so that gas refrigerant in the receiver (4) flows through the.
bypass passage (4a). - O her--Modifications .- In the above
enbodi ments, operation control of the conpressor (1) in wet condition and

i n superheated condition in defrosting operation is _executed in such a
manner t h&ralded into a fully opened state and a fully closed state,

!

or may be otherwise adjusted according to the discharge-pipe

temperature Td or the like.

- Embodiment 2 -

Fig. 6 shows an embodiment of the invention according to
claims 8 to 13. In the present embodiment, a three wa; val;e
(V2) is substituted for the open/shut-off valve (SV) of the
above embodiment, and the bypass passage (4a) is connected to
a high-pressure side of the motor-operated expansion valve
(5).

The three way valve (V2) forms a selector means switcha-
ble between a bypass communication state in which the high-
pressure side of the motor-operated expansion valve (5) is
communicated with the bypass passage (4a) and a main line
communication state in which the high-pressure side of the
motor-operated expansion valve (5) is communicated with the

common passage (8a) of the main line (9a).

- Structure and Operation of Defrosting Operation Control

of Embodiment 2 -
Description will be made about the structure and opera-
tions of defrosting operation control in an embodiment of

Fig. 6, with reference to the timing chart of Fig. 4.
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open/ shut-off valve (SV), the notor-operated expansion valve (5) and the
like are opened and closed. In the invention according to clains 1, 8 and
14, however, the bypass passage (4a) may be comruni cated at any tine
during defrostlng opera- tion. Further, in the invention according
toclains 3, 5 10, 12, 16 and 18, thé* conpressor (1) may be controlled
based on a pressure of refrigerant .on the di scharge side.

Furthernore, tihgr§€f Niges agtie Cdéﬁtastn(r&a éxsecrmtldg* et (10 A1he aborss
enbodi nents. For exanple, it may be a refriger- ant circuit having no

rECt'f”xﬁé?PogiiﬁE'Bpgg klon at a point f, it é&f{%ﬁggléheA?BhlC%%bLlTﬂ

selector valve (2) as shown in the solid line of Fig. 6 and
switches the three way valve (V2) as shown in the broken line
of Fig. 6, so that the bypass passage (4a) is communicated
with the motor-operated expansion valve (5) thereby resulting
in the bypass communication state. Further, the initial
control means (12Al1) controls the motor-operated expénsion
valve (5) to hold it in a fully closed state for 15 seconds
in correspondence with the closure of the open/shut-off valve
(SV) in the before-mentioned embodiment (See points f to g

of Fig. 4).

Thereafter, the motor-operated expansion valve (5) is
opened at a specified opening and is held in the specified
opening, so that gas refrigerant in the receiver (4) 1is
introduced toward the indoor heat exchanger (6) through the
bypass passage (4a) thereby executing defrosting operation.
When the discharge-pipe temperature Td rises above 90°C in
the defrosting operation, the superheating control means
(14A1) outputs a switching signal to switch the thfee way

valve (V2) as shown in the solid line of Fig. 6 thereby
jforming the main line communication state. Then, the super-
heating control means (14A1) switches again the three way

Valve (V2) as shown in the broken line of Fig. 6 thereby
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48 As described so far, an operation control device for air
conditioner of this invention is useful for air conditioners having no

“accunul at or .

forming the bypass communication state, and subsequently
outputs a switching holding signal to hold the bypass commu-
nication state for a set time (See points h to 1 and a term
j of Fig. 4). In other words, becausg the compressor (1) is
on its way to superheated condition, operation iQ superheated
condition is prevented by the introduction of liquid refrig-

erant in the receiver (4) toward the indoor heat exchanger

(8).

On the other hand, when the discharge-pipe temperature
Td drops below 85 °C, the wet condition control means (13Al)
outputs a fully closing signal to make the motor-operated
expansion valve (5) fully closed for 20 seconds, and subse-
quently outputs a full-close holding signal to hold the
motor-operated expansion valve (5) in a specified opened
state for 30 seconds (See points k to 1 and a term m of Fig.
4). In other words, because the compressor (1) is on its way
to wet condition, the common passage (8a) ahd the bypass
passage (4a) are shut off together thereby.preventing the

operation in wet condition.

Thereafter, when the defrosting operation is completed
(See a point n of Fig. 4), the four-way selector valve (2) is

switched as shown in the broken line of Fig. 6 and the three
This is the replacement sheet
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49 CLAI M5 1. In an air conditioner
conprising a refrigerant circuit (9) which has a main line (9a) in which
a conpressor (1), a thermal-source-side heat exchanger (3), an expansion
mecha- nism (5) freely adjustable in opening and a used-si de heat
exchanger (6) are sequentially connectet; said refrigerant circuit (9)
bei ng reversi bly operabl e between cooling cycle operation and heating

cycl e operpdy ofa1 v QPSS ald AW CUHdPlas ML ad AnsSaA @ "1 G EL TPfer
conpri si ng:

8 so that the main line communication state is formed, while
the motor-operated expansion valve (5) is opened to a target
opening. Thus, normal heating operation is restarted.

Other structure and operations are the same as in the
before-mentioned embodiment. Accordingly, in the present
embodament, similar to the before-mentioned embodiment,
operation in wet condition and operation in superheated
condition of the compressor (1) can be securely prevented

without any accumulator, thereby enhancing operation perform-

ance and reliability of the compressor (1).

- Embodiment 3 -

Fig. 7 shows an embodiment of the invention according to
claims 13 to 19. In the present embodiment, the bypass pas-
sage (4a) is connected to a low-pressure side of the motor-
operated expansion valve (5) instead of being connected to
the high-pressure side of the motor-operated expansion valve
(5) in the above embodiment of Fig. 6.

The three way valve (V2) forms a selector heans switcha-
ble between a bypass communication state in which the down-
stream-side common passage (8Y) is communicated with the
bypass passage (4a) and a main line communication state in
which the dpwnstream-side common passage (8Y) is communicated

¥ith the common passage (8a).
A _ This is the replacament sheet
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a receiver (4) for storing liquid refrigerant, said receiver being
provided in a high-pressure liquid line of the nmain line (9a) of the
refrigerant circuit (9): a bypass passage (4a) for bypassing the
expansi on necha- nism(5) to introducedgas refrigerant in the receiver (4)
into a lowpressure liquid line of the main line (9a) of the refrigerant
circuit (9), said bypass passage (4a}- being connected at one end thereof
to the receiver (4) and at the other end to the |owpressure liquid |ine;
open/ shut-of f neans (SV) for opening and shutting off the bypass passage
(4a), said open/shut-off neans (SV) being provided in the bypass passage

(4a); and - - sz§¥§{é¥§iéﬁh‘%%¥¥§£{5£’§¥”52%§32c{£§ 835}3915Qec8%998f£°”
of Embodiment 3 - |

Descriﬁtion will be made about the structure and opera-
tions of defrosting operation control in an eqbodiment of
-Fig. 7. with referenée to the timing chart of Fig. 4.

First, when the defrosting executiﬁg means (11A2) ;tarés
defrosting operation at a point f, it switches the four-way
selector valve (2) as shown in the solid line of Fig. 7 and
switches the three way valve (V2) as shown in the broken line
of Fig. 7, so that the bypass passage (4a) the bypass passage
(4a) is communicated with the downstream-side common passage
(8Y), thereby resulting in the bypass communication state.
Further, the initial control means (12A2) holds the three way
valve (V2) in-the main line communication state shown in the
solid line of Fig. 7 while éontrolling the motor-operated
expansion valve (5) to hold it in a fully closed state for 15
seconds in correspondence with the closure of the open/shut-
off valve (SV) in the before-mentioned embodiment (See points

f to g of Fig. 4).

Thereafter, thé defrosting executing means (11A2)

-\ switches the three way wvalve (V2) as shown in the broken line

of Fig. 7 to form the bypass communication state, so that gas
Teig itz raplecement sheel
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mechani sm (5) fully closed and maki ng the open/shut-off neans

according to a defrosting requiring signal in the

heati ng cycl e operation and executing defrosting operation in

50
reverse cycle. 2. An operation conh ol device for air conditioner
accord- ing to claim1, further conpri‘sing ’

refrigerant in the receiver (4) is intrbduced toward the
indoor heat exchanger (6) through the bypass passage (4a)
thereby executing defrosting operation. When the discharge-
pipe temperature Td rises above 90 °C in the defrosting opera-
tion, the superheating control means (14A2) outputs a switch-
ing signal to switch the three way valve (V2) as shown in the
solid line of Fig. 7 thereby forming the main line communica-
tion state, and opens the motor-operated expansion valve (5)
to a specified opening. Thep, the superheating control means
(14A2) switches again the three way valve (V2) as shown in
the broken line of Fig. 7 thereby forming the bypass communi-
cation staté. and subsequently outputs a switching holding
signal to hold the bypass communication state for a set time
(See points h to i and a term j of Fig. 4). In other words,
because the compre#sor (1) is on its way to superheated
condition, operation in superheated condition is prevented by
the introduction of liquid refrigerant in the receiver (4)

toward the indoor heat exchanger (8).

On the other hand, when the discharge-pipe temperature

Td drops below 85°C, the wet condition control means (13A2)

. Outputs a switching signal to switch the three way valve (V2)

as shown in the solid line of Fig. 7 thereby forming the main

. line communication state, and makes the motor-operated

expansion valve (5) fully closed for 20 seconds. Then, the

(SV) open

t he
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initial control neans (12) for outputting an initially <closing signal to -’
t.he defrosting executing neans (11) so that the open/shut-off nmeans (SV)
is closed until a set tine passes after the start of the defrosting

oper ati on. 3. An operation control qﬁ%Lce for air conditioner accord-
ing to claiml1, further conprising t-condition control neans (13)
for outputting a clos- ing signal to-.the defrosting executing neans (11)

so that the open/shut-off nmeans (SV) is closed when a refrigerant tenper-
ature on a disciayt tier epnthel coepnes$aBARl) swidsheaso agaimetivey Bhree

speci fied tenperature.
way valve (V2) as shown in the broken line of Fig. 7 thereby

forming the bypass communication state, and subsequently
outputs a switching holding signal to hold the bypass commu-
'nication state for-a set time (See points.k to 1 gnd a term m
of Fig. 4). In other words, because fhe compressor (1) is on
its way to wet condition, the common passage (8a) aﬁd tAe

bypass passage (4a) are shut off together thereby preventing

the operation in wet condition.

Thereafter, when the defrosting operation is completed
(See a point n of Fig. 4), the four-way selector valve (2) is
switched as shown in the broken line of Fig. 7 and the three
way valve (V2) is switched as shown in the solid line of Fig.
7 so that the main line communication state is formed, while
the motor-operated expansion valve (5) is opene& to a target
opening. Thus, normal heating .operation is restarted.

Other structure and operations are the same as in the
before-mentioned embodiment of Fig. 2. Accordingly, in the
present embodiment, similar to the before-mentioned embodi-
ment, operation in wet conaition and operation in superheated
condition of the compressor (1) can be securely prevented,

thereby enhancing reliability of the compressor (1).
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4. An operation control device for air conditioner accord- ing to claim
3, wherein the wet condition control neans (13) outputs a closing
signal to the defrosting executing neans (11) so that the open/shut-off
means (SV) becomes an opened state af&er hold- 1ing a closed state for a
set tinme, and then outputs an open- ing holding signal to the
defrosting executing nmeans (11) so -that the open/shut-off neans (SV) holds

t he opened st ate Bmirodimenat 4t i-ne after cl osed.

Fig. 8 shows another embodiment of this invention. In
the present embodiment, a capillary (CP) is provided instead
of the open/shut-off valve (SV) of the embodiment of Fig. 2.

Accordingly, in defrosting operation, the motor-operated

‘-expansion valve (5) is fully closed so that gas‘fefrigerant

in the receiver (4) flows through the bypass passage (4a). -

; Other Modifications -

In the above embodiments, operation control of the
compressor (1) in wet condition and in superheated condition
in_defrostiné operation is executed in such a manner that the
open/shut-off valve (SV), the motor-operated expansion valve
(5) and the like are opened and cloged. In the invention
according to claims 1, 8 and 14, however, the bypass passage
(4a) may be communicated at any time during defrosting opera-
tion.

Further, in the invention according to claims 3, 5, 10,
12, 16 and 18, the compressor (1) may be controlled baéed on
a pressure of refrigerant on the Qischarge side.

Furthermore, the refrigerant circuit (9) is not limited
to the above embodiments. For ekample. it may be a refriger-

ant circuit having no rectification circuit (8r).

[INDUSTRIAL APPLICABILITY]
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5. An operation control device for air conditioner accord- 1ing to claim
1, further conprising superheating control neans (14) for outputting
" respec- tive signals for opening and cl osing the notor-operated

expansion valve (5) to the defrostingagexecuting neans (11) so t hat when a
refrigerant tenperature on a di scharge side of the conpressor (1) rises

to or above a specified tenperature~- the expansi en nechanism (5) is
opened to a specified opening and then closed into a fully closed state. -
6. An operation control device for air conditioner accord- ing to claim
5, wherein

As described so far, an operation control device for air
conditioner of this invention is useful for air conditioners

having no accumulator.
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t he superheating control means (14) outputs a full- closing hol ding signal
to the defrosting executing neans (11) so that the expansi on nechani sm (5)
holds the fully closed state for a set tine after opened and cl osed. 7.
An operation control device for air cemsditioner accord- 1ing to any one of
claims 1 to 6, further conprising ‘operation sifting nmeans (15) for
shifting the circuit to the heating--cycle operation when the defrosting

executl ng CLAIMS

1. In an air conditioner comprising a refrigerant circuit
(9} which hés a main line (9%a) in which a compressor (1), a
thermal-source-side heat exchanger (3), an expansion mecha-
mism (5) freely adjustable in opening and a used-side heat
exchanger (6) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between coqling cycle
operation and heating cycle operat;on. an operation control
device for said air conditioner comprising:

a receiver (4) for storing liquid refrigerant, said
receiver being provided in a high-pressure liquid line of the
main line (9a) of the refrigerant circuit (9);

a bypass passage (4a) for bypassing the expansion mecha-
nism (5) to introduce gas refrigerant in the receiver (4)
into a low-pressure liquid line of the main line (9a) of the
refrigerant circuit (9), said bypass passage (4a) being
connected at one end thereof to the receiver (4) and at the
other end to the low-pressure liquid line;

opeﬁ[shut—off means (SV) for opening and shutting off
the bypass passage (4a), said open/shut-off means (SV) being
provided in the bypass passage (4@); and

defrosting executing means (11) for making the expansion

) mechanism (5) fully closed and making the open/shut-off means

(SV) open according to a defrosting requiring signal in the

”"’"J m'” This is the replacement sheet
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nmeans (11) conpletes the defrosting operation, so as to control the
open/shut-off means (SV) to hold it open for a set time in a heating cycle
and then turn it closed while controlling the expansi on nmechanism(5) to

gradually open it to a specified opesng. 8. In an air conditioner
conprising a refrigerant circuit (9) which has a main line (9a) in which a
conpressor (1), a thermal-source-side heat exchanger.(3), an expansion
mecha- nism (5) freely adjustable in opening and a used-si de heat
exchanger (6) are sequentially connected, said refrigerant

heating cycle operation and executing defrosting operation in

the reverse cycle.

2. An operation control deviée for air conditioner accord-
ing to claim 1, further comprising

initial control méans (12) for outputting an initially
closing signal to the defrosting executing means (11) s; th;t
the open/shut-off means (SV) is closed until a set time

passes after the start of the defrosting operation.

3. An operation control device for air conditioner accord-
ing to claim 1, further comprising

wet condition control means (13) for outputting a clos-
ing signal to the defrosting executing means (11) so that the
open/shut-off means (SV) is closed when a refrigerant temper-
ature on a discharge side of the compressor (1) drops to or

below a specified temperature.

4. An operation control device for air conditioner accord-
ing to claim 3, wherein

the wet condition control means (13) outputs a closing
signal to the defrosting executing means (11) so that the
open/shut-off means (SV) becomes an opened state after hold-

ing a closed state for a set time, and then outputs an open-
Thig iz e replecament sheet
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circuit (9) being reversibly operable between cooling cycle operation and
heating cycle operation, an operation control device for said air

condi ti oner conpri sing: a receiver (4) for storing liquid
refrigerant, said receiver being provided in a high-pressure liquid |ine
of the main line (9a) of the refrigerant circuit (9); a bypass
passage (4aé for introducing as refrigerant in the receiver (4) into a
hi gh- presitfe BPLELBE FhENAkphAsthe dﬁ%@%ﬁ%f{@%ﬁlméﬂwﬁi hngo

circuit (9), said bypass passage (4a) being connected at one end thereof
to the rethatetheropgn/shutacffheeanbel Séhdhbddshehki gipemess sratesiftr of
t he expansi on nechani sm (5); sel ector neans (V2) sw tchable between a

bypass coamset-time after closed.

5. An operation control device for air conditioner accord-
-ing to claim 1, further comprising ;
superheating control means (14) for outputting respec-
tive signals for opening and closing the motor-operated
expansion valve (5) to the defrosting executing means (11) so
that when a refrigerant temperature on a discﬂarge side of
the compressor (1) rises to or above a specified temperature,

the expansion mechanism (5) is opened to a specified cpening -

and then closed into a fully closed state.

8. An operation control device for air conditioner accord-
ing to claim 5, wherein |

the superheating control means (14) outputs a full-
closing holding signal to the defrosting executing means (11)
SO tha; the expansion mechanism (5) holds the fully closed

state for a set time after opened and closed.

7. An operation control device for air conditionef accord-
ing to any one of claims 1 to 6, further comprising
operation sifting means (15) for shifting the circuit to
the heating cycle operation when the defrosting executing
- This is the replacement sheet
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53 cation state in which the high-pressure side of the expansion
mechani sm (5) is communicated with the bypass passage (4a) and a main

| i ne comruni cation state in which the high-pres- sure side of the
expansi on nmechani sm (5) is comunicated: with the high-pressure liquid
line of the main line (9a); and defrosting executing neans (11Al1) for

swtching the selector neans (V2) te the bypass comruni cation state and
openi ng the expansi on mechani sm (5) according to a defrost-

means (1l1l) completes the defrosting operation, so as to
control the open/shut-off means (SV) to hold it open for a
set time in a heating cycle and then turn it closed while
controlling the expansion mechanism (5) to gradually open it

to a specified opening.

8. In an air conditioner comprising a refrigerant circuit
(9) which has a main line (9a) in which a compressor (1), a
thermal-source-side heat'exchanger,(s), an expansion mecha-
nism (5) freely adjustable in opening and a used-side heat
exchanger (6) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between cooling cycle
operation and heating cycle operation, an operation control
device for said air conditioner comprising:

a receiver (4) for storing liquid refrigerant, said
receiver being proVided in a high-pressure liquid line of the
main line (8a) of the refrigerant circuit (9);

a bypass passage (4a) for introducing gas refrigerant in
the receiver (4) into"é high-pressure side of the expansion
mechanism (5) of the refrigerant circuit (8), said bypass
passage (4a) being connected ét one end thereof to the re-
ceiver (4) and at the other end to the high—pressure side of
the expansion mechanism (5):

selector means (V2) switchable between a bypass communi-
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ing requiring signal and executing defrosting operation. 9. An
_operation control device for air conditioner accord- ing to claimS8,
further conprising initial control neans (12Al1) for outputting an
initially closing signal to the defregsti ng executi ng neans (11A1) so that
t he expansi on nmechanism (5) holds a fully closed state wuntil a set tine -

passes after the start of the defrosting operation. 10. An operation
control deweidrstite GANGH i &h GG presttire0 sildai B8 thieUlelkipihsion
conpri sing wet condition control neans (13Al) for outputting a

mechanism (5) is communicated with the bypass passage (4a)
and a main line communication state in which the high-pres-
sure side of tﬁe expansion mechanism (5) is communicated with
the high-pressure liquid line of the main line (8%a); and
defrosting executing means (11A1) for switching the
selector means (V2) to the bypass communication state and
opening the expansion mechanism (5) according to a defrost-

ing requiring signal and executing defrosting operation.

9. An operation control device for air conditioner accord-
ing to claim 8, further comprising

initial control means (12A1) for outputting an initially
closing signal fo the defrosting executing means (11Al) so
that the expansion mechanism (5) holds a fully closed state
until a set time passes after the start of the defrosting

operation.

10. An operation control device for air conditioner accord-
ing to claim 8, further comprising

wet condition control means (13Al) for outputting a
fully closing signal to the defrosting executing means (11Al)
so that the motor-operated expansion valve (5) is fully
closed when a refrigerant temperature on a discharge side of

the Compressor (1) drops to or below a specified temperature.

This is the ropiscerment sheet
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fully closing signal to the defrosting executing nmeans (11Al1) so that the
_not or-operated expansion valve (5) is fully closed when a refrigerant
tenperature on a discharge side of the conpressor (1) drops to or below a

speci fied tenperature. 57 54 11. An
operation control device for air conditioner accord- ing to claim 10,
wherein - .

11. An operation control device for air conditioner accord-

ing to claim 10, wherein

the wet condition control means (13Al) outputs a fully
closing signal to the defrosting executing means (11A1) so
-that the expansion mechanism (5) is opened after holding a
fully closed state for a set time, and then outputs an opeﬁ—
ing holding signal to the defrdsting executing means (11Al)
so that the expansion mechanism (5) holds the opened state

for a set time after fully closed.

12. An operation control device for air conditioner accord-
ing to claim 8, further comprising

superheating control means (14Al1) for outputting a first
and second switching.signal to the defrosting executing means
(11A1) so that when a refrigerant temperature on a discharge
side of the compressor (1) rises to or above a specified
temperature, the selector means (V2) is first switched to the
main line communication state and then switched again to the

bypass communication state.

13. An operation control device for air conditioner accord-
ing to claim 12, wherein
the  superheating control means (14Al) outputs a switch-

This is the replacement sheet
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the wet condition control neans (13Al) outputs a fully <closing signal to
the defrosting executing neans (11Al1) so that the expansion nechani sm (5)
“is opened after holding a fully closed state for a set tinme, and then

outputs an open- ing holding signal &g the defrosting executing neans
(11A1) so that the expansion nechanism (5) holds the opened state for a
set tinme after fully cl osed. 12. .An operation control device for air

condi tioner ;accord-..ing  to cla.m f risi € | ng
control rreaﬁg (ggif)mfgo%l&ﬂ ?Eltol nég%'l% %f;g?étgﬁgpgg%ﬁgi% tmc%%;% (;Jikhgﬁtaj to
t he defrosting Sfecuting means gllAl SO 6h?t when a refrigerant

t enper at ur eS8n tRadi ddHar geelector means (V2) holds for a Set time the

bypass communication state switched from the main line commu-

nication state.

-i4. In an air conditioner comprising a refrigerant circuit
(9) which has a main line (9a) in which a compressor (1), .a
thermal-source-side heat exchanger (3), an expansion mecha-
nism (5) freely adjustable in opening and a used-side heat
exXchanger (86) are sequentially connected, said refrigerant
circuit (9) being reversibly operable between cooling cycle
operation and heating cycle operation, an operation control
device for said air conditioner comprising:

a receiver (4) for storing liguid refrigerant, said
receiver being provided in a high-pressure liquid line of the
main line (%a) of the refrigerant circuit (9);

a bypass passage (4a) for bypassing the expansion mecha-
nism (5) to introduce gas refrigerant in the receiver (4)
into a low-pressure liquid line of the main line (9a) of the
refrigerant circuit (89), said bypass passage (4a) being
connected at one end thereof to the receiver (4) and at the
other end to the low-pressure liquid line;

selector means (V2) switchable between a bypass communi-
cation state in which the low-pressure liquid line of the

main line (9a) is communicated with the bypass passage (4a)
is is the replacement sheet
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side of the conpressor (1) rises to or above a specified tenperature, the
selector neans (V2) is first swtched to the main |ine communication state

and then switched again to the. bypass conmuni cation state. 13. An
operation control device for air condijgd oner accord- ing to claim12
wherein - t he superheating control means (14Al) outputs a switch-
55 - .

and a main line communication state in which the low-pressure
liquid line of the main line (9a) is communicated with the
low-pressure side of the expansion mechanism (5); and
defrosting executing means (11A2) for switching the
selector means (V2) to the bypass communication state accord-
ing to a2 defrosting fequiring signal in the heating cycle

operation and executing defrosting operation.

15. An operation control device for air conditioner accord-
ing to claim 14, further comprising

initial control means (12A2) for outputting an initially
closing signal to the defrosting executing means (11A2) so
that until a set time passes after the start of the defrost-
ing operation, the selector means (V2).holds the main line
communication state and the expansion mechanism (5) holds a

fully closed state.

16. An operation control device for air conditioner accord-
ing to claim 14, further-comprising

wet condition control means (13A2) for outputting a
fully closing signal to the defrosting executing means (11A2)
so that when a refrigerant temperature on a discharge side of
the compressor (1) drops to or below a specified temperature,

the selector means (V2) is switched to the main line communi-
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i ng holding signal to the defrosting executing neans (11Al) so that the
sel ector neans (V2) holds for a set tine the bypass communi cation state
switched fromthe main |ine conmmu- ni cation state. 14. In an air
conditioner conprising a refrigerant cismcuit (9) which has a main |ine
(9a) in which a conpressor (1), a thermal-source-side heat exchanger (3),
an expansi on necha- nism (5) freel w-adjustable in_.opening and a used-side

heat exchanger (6) are sequentially connected, said refrigerant circuit
(9) being ‘}%}g}%i%ﬁ%}%ﬁé}iﬁ@ t?é‘t%@éﬁ%‘o&‘lerc%&néﬂ‘l o 6ﬁe|félai15n cdR§eleat i ng
cycl e operation, an operation control device for said air conditioner
conpri si ng:

17. An operation control device for air conditioner accord-
ing to claim 16, wherein

the wet condition control means (13A2) outputs a switch-
ing signal to the defrosting executing means (1IA2) so that
the selector means (V2).is switched to the bypass communica-
tion state after the expansion mechanism (5) holds a fully
closed state for a éet time, and then outputs a switching
holding signal to the defrosting executing means (11A2) so
that the selector means (V2) holds for a set time the bypass
communication state switched from the main line communication

State.

18. An operation control device for air éonditioner accord-
ing to claim 14, further comprising

superheating control means (14A2) for outputting a first
and second switching signal to the defrosting executing means
(11A2) so that when a refrigerant temperature on a discharge
side of the compressor (1) rises to or above é specified
temperature, the selector means (V2) is first switched to the
main line communication state while the expansion mechanism
(5) is opened and then the selector means (V2) is switched
again to the bypass communication state. |

* [ L M S *
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a receiver (4) for storing liquid refrigerant, said receiver being
provided in a high-pressure liquid line of the main line (9a) of the
‘refrigerant circuit (9); a bypass passage (4a) for bypassing the
expansi on nmecha- nism(5) to introdugg gas refrigerant in the receiver (4)
into a lowpressure liquid line of the main Iine (9a) of the refrigerant
circuit (9), said bypass passage (4a) being connected at one end thereof
to the receiver (4) and at the other end to the |ow pressure liquid |line;
sel ector means (V2) swi tchabl e between a-bypass communi- cation state in
which the lowpressure liquid line of the nmin line (9a) is comunicated

with the bypass passage (4a)
18. An operation control device for air conditioner accord-

ing to claim 18, wherein

the superheating control means (14A2) outputs a switch-
ing holding signal to the defrosting executing means (11A2)
so that the selector means (V2) holds for a s?t time the
bypass communication state switched from the main line commu-

nication state.
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and a main |ine conmunication state in which the |owpressure liquid |line
of the main line (9a) is comunicated with the |ow pressure side of the

‘expansi on nechani sm (5); and defrosting executing neans (11A2) for
switching the selector neans (V2) tos=<he bypass communication state
accord- ing to a defrosting requiring signal in the heating cycle

operation and executing defrosting operation.

OPERATION CONTROL DEVICE FOR AIR CONDITIONER

ABSTRACT

A receiver (4) is provided in a main liﬁe (%9a) and a
bypass passage (4a) having an open/shut-off valve (SV) is
provided for introducing gas refrigerant in the receiver (4)
‘into a low-pressure liquid line. A motor-operatéd expansion
?alve (5) is fully closed, the open/shut-off wvalve (SV) is
opened, and then defrosting operation is executed . At the
initial stage of the defrosting operation, the open/shut-off
valve (SV) is closed. When a discharge-pipe temperature Td
drops to or below a specified temperature, the open/shut-off
valve (SV) is closed. When the discharge-pipe temperature Td
rises to or above a specified temperature, the motor-operated
expansion valve (5) is once opened to a specified opening.
When defrosting operation is completed, the open/shut-off
valve (SV) is opened in a heating cycle and the motor-operat-

ed expansion valve (5) is gradually opened.

FIGURE 2
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15. An operation control device for air conditioner accord- ing to claim

14, further conprising initial control nmeans (12A2) for outputting an
initially closing signal to the defrosting executing nmeans (11A2) so that
a set tinme passes after the start of the defrost- ing operation, the

unt i |

sel ector neans (V2) holds the main |ind, comrunication state and the
expansi on nechanism (5) holds a fully closed state.. 16. An operation
control device for air conditioner accord- ing to claim14, further,

wet condition control means (13A2) for outputting a fully

conpri sing
to the defrosting executing neans (11A2)
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so that when a refrigerant tenperature on a discharge side of the
.conpressor (1) drops to or below a specified tenperature, the selector

means (V2)

wher ei n

is switched to the main |ine communi -
57 cation state and the expansi on nmechani sm (5)
An operation control

is fully closed. 17.

device for air conditioner accord- ing to claim 16,
the wet condition controf neans (13A2) outputs a switch-
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ing signal to the defrosting executing neans (11A2) so that the selector
means (V2) is switched to the bypass conmunica- tion state after the

" expansi on nmechani sm (5) holds a fully closed state for a set tinme, and
then outputs a switching holding signal to the defrosting executing nmeans
(11A2) so that the selector neans (V2) holds for a set tine the bypass
conmmuni cation state switched fromthe main |ine communication state.

18. An operation control device for air conditioner accord- ing to claim
14, further conprising super heali ng control neans (14A2) for
outputting a first and second switching signal to the defrosting executing

nmeans F‘g3
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(11A2) so that when a refrigerant tenperature on a discharge side of the
conpressor (1) rises to or above a specified tenperature, the selector
"‘means (V2) is first switched to the main |ine communication state while

t he expansi on mechanism (5) is opened and then the selector neans (V2) is
swtched again to the bypass conmmuni cat i4on state.
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19. An operation control device for air conditioner accord- ing to claim
18, wherein t he superheating control neans (14A2) outputs a switch-
ing holding signal to the defrosting executing nmeans (11A2) so that the

sel ector nmeans (V2) holds for a set tinme the bypass conmunication state

switched fromthe main line commu- nication state.

-

124~

Thiy is he repiscemernt sheet

3 0 0CT W%

Plgim:



: @\/& UL._./ L._. %ATII.II
N | v3
au].

E\(% it

X ) )
REy -
13 RN Cas

. 75 | g/ S V]|
. ok 34 Tokd (Ngw_
our” wag” S bt E/\m.,_ W vzl
S _um T--:ﬁ ] C~
e ) W — IV
02 298 7Q ew ed v 0l
18 D6

T™his is the roplecement shee!

a0 0CT 948

Dgre:



HE #X

7)0@

| 74

|

_wﬁ._‘/w y

| v
Y

|
. 19—
| L —
VAR
i g/ ML
W,qﬁ,L [ -2vil

..... L _

iCVEL J/)m<:
-V 0l

This is the replacement sheet



.@J.

PUIN

¢ |43
A

g
ml
—_—
—

w m/
| mfoi xm

“rhis is the repiacement sheet

1S w A
DE \

Yl [e]e)

| LN
027 298 vQ aﬁo {/.,< o’




