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SPECIFICATION
SYSTEM FOR CONTROLLING OPERATION OF REFRIGERATION DEVICE

TECHNICAL FIELD

The p:fesent invention relates to a system for

-5 | controlling operation of a refrigeratj.on device which is
arranged to perform a reverse cycle defrost operation and,

more particularly, to an arrangement for preventing liquid

back-flow to a compressor.

BACKGROUND ART

10 ' An air conditioning system including - a
refirigerant circuit wherein. a compressor, a heat source-
side heat exchanger, a pressure-reducing val've-, and a
utilization end-side heat exchanger are sequentially
connected and wherein its refr’iéerating cycle is switchable

15 between forward cycle and zreverse cycle, has been known
which, as disclosed in, for example, Japanese Utility Model
Application Laid-Open No. 63-15434, can pexrform a so-called
reverse cycle defrost cper'ation such that when, during a
heating operation, frosting occﬁrs at the heat-source-side

20 heat exchanger, the refrigerant circuit, upon receipt of a
defrost command, is operative to switch the refrigerating
cycle to a cooling cycle so that a discharge gas

refrigerant. (hot gas) is flowed into the heat source-side



controlling operation of a refLLQELaLLQn_QQMLpe which is arranged to
performa reverse cycle defrost gperation and, nore particularly, to an

ART

circuit wherein a conpressor

I ncl udi ng a refrigerant
|de heat. exchanger, a

An air condltlo

arrangenent for preventing | i qui Hus ﬁDi‘m’Be@v\R faced conpressor. BACKGROUND

pressure-reduci ng val ve, and a ut|||zat|on end-side heat exchanger are
sequentially
bet ween forward cycle and reverse cycle, has been known which, as

di scl osed
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in,

connected and wherein its refrlgeratlng cycle is switchable

for exanple, Japanese LkTI?ty Nbde

heat .exchanger for a predetermined time. or until the
temperéture at the heat-source-side heat exchanger rises to
more than a predetermined temperature wvalue, Qﬁereby the
frost at the heat-source-side heat exchanger is melted for
resto?ing the capability of the heat exchanger.-

In such an air conditioning system, when, a£ the
béginning or end of a defrost operation, the refrigerating

cycle is forwardly or reversely changed, liquid refrigerant

‘begins to flow toward the compressor as a xresult of a

functional change to an evaporator of the heat-source-side
heat exchanger or utilization-side heét exchanger, which
has been functioning as a condenser and which, therefore,
has a large amount of liquid refrigerant stored therein.’
In such conventional type of air conditioning systenm,
therefore, an accumulator is disposed before the compressor
to absorb the liquid refrigerant thereby to prevent liquid
back-flbw to the compressor. |

With the accumulator so disposed, however, the
system may involve various troubles including a .power
decrease due to pfessure reductioh,_and separation of oil
and liquid refrigerant into two phases. Essentlally,
therefore, an accumulatorless arrangement is desired.
SUMMARY OF THE INVENTION |

The present invention has been developed in view

of the foregoing facts, and accordingly it is an object of



Application Laid-Qpen No. 63-15434, can performa so-called reverse cycle
defrost operation such that when, during a heating operation, frosting
occurs at the heat-source-side heat exchanger, the refrigerant circuit,
upon receipt of a defrost conmand, is operative to switch the
refrigerating cycle to a cooling cycle so that a di scharge gas
refrigerant (hot gas) is flowed into the heat source-side

the invention to provide means for causing liquid
refrigerant to be efficiently received into the receiver at
the start/end of each defrost éperatioﬁ.and before a mode
changeover in refrigeration cycle takes place, thereby to
5 prevent a liquid £flow-back to the compressor without
provision of an accumulator.
Fig. -1 is a schematic diagram illustrating the
arrangeﬁént of the present invention.
A system for controlling operation of a
10 - refrigerating device according to the present: invention is
used in a refrigerating device which, as shown in Fig. 1,
includes a refrigerant circuit (9) in which a compressor 1,
a condenser 6, a receiver 4 for storing liquid refrigerant,
a pressure-reducing valve 5, and an evaporator 9 are
15 .connected togefher, and a cycle change-over mechanism 2 for
changing a refrigeration cycle 6f the refrigerant circuit 9
between forward operation and reverse _operation, the
refrigerating device being of such arrangement that the
pressure-reducing valve 5 is pdsitioned downstream of the
20 receiver 4 during either one of the refrigerating cycles.
And the system comprises:
, a bypass path 4a connecting a fop portion of the
receiver 4 to a liquid line on the downstream side of fhe

pressure-reducing valve 5;
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heat exchanger for. a predeterm-ned tine or until the tenperature at the
heat - sour ce- si de heat exchanger jses to nDre than.a predetermn ned

t enperature val ue, whereby the Bmmee &ad - sour ce-si de heat
exXchanger is nelted for restorl ty of the heat exchanger.
In such an air conditioning syst e begi nning or end of a
defrost operation, the refrigerating cyc e |s forwardly or reversely
changed, liquid refrigerant begins to flow toward the conpressor as a

result of a
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functional change to an evaﬂorator of the heat-source-side

a normally closed on-off valve SV for opening and
closing the bypass path 4a;

defrost operation coﬂfrol means 51 for switching
the cycle change-over mwmechanism 2 to a reverse cycle
position upon receipt of a defrost command during operation
of the refrigerating device, thereby to control the device
so as to perform a defrost operation} and |

at least .one - of (a) a before-defrost on-off
coﬁtrol means 52 for controlling the on-off valve SV to be
opened for at least a _pfedetermined period of time
preceding a change-over to a reverse eYcle operation via
the defrost operation control means 51, (b) a during-
defrost on-off control means 53 for control;ing the on-off
valve SV to be opeﬁed during a reverse cycle defrost
operation effected through the defrost operation control
meene 51, but from a time at which melting of frost built
on the evaporator 3 has progressed a predetermined degree
until completion -of the defrost. operation, 'and- (c) an
after-defrost wvalve control means 54 for controlling the
on-off valve SV and the'pressure—reducing valve 5 such that
after completion of the reverse cycle defrost operation
effected by the defrost operation control_means 51, the on-
off valve SV and the pressure.reducing valve 5 are cloeed
for a predetermined time and thereafter the on-off valve SV

is opened for . a predetermined time while the pressure



heat exchanger or utilization-side heat exchanger, which has been
functioning as a condenser and which, -therefore, has a | arge anount of
liquid refrigerant stored thereTmsﬁmﬂhhsmﬁmR Mbntional type o i

cdnditioning system therefore, i s di sposed before the
conpressor to absorb the I|qU|d ereby to prevent liquid
back-flow to the conpressor. t e accumul ator so di sposed,
however, the system may invol ve various troubles i ncludi ng a power

decrease due to pressure reduction, and separation of oil and Iliquid

refrigerant

into two phases. Essenﬁlally, t herefore, an

accunul atorl ess arrangenent is desired.
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reducing valve 5 is opened a predetermined iow degree of
valve travel. |

With the above described arrangement, where there
is provided a before—defrost oﬁ-off control means 52, the
before-defrost on;off control means 52, upon receipt of a
defrost - command during operation of the refrigerating
device, causes the on-off wvalve SV for the bypass path 4a
to be opened at least for a predetermined time before ﬁhe
commencement of a reverse cycle defrost operation via the
defrost operation control means 51. As a result, the
pressure in.the receiver 4 is decreased so that the liquid
refrigerant in the condenser 6 is moved to the receiver 4.

Thus, when there is almost no liquid refrigerant left in

- retention in the condenser 6, the cycle of operation is

switched over to a reverse cycle such that the condenser 6
is functionally changed into an evaporator, whereby liquid
back-flow to the cdmpressor 1 can be prevented.

After commencement of the reverse cycle defrost
operation, as the melting of the £frost built up on the
evaporator 3 progresses, there is a temperature rise at the
evaporator (which acts as a condenser during the reverse
cycle opexation) 3, while on the other hand the temperature
of the cqndenser (which acts as an evaporator during fhe
reverse cycle) 6 is lowered; As a result, the pressure on

the low pressure side is lowered and the refrigerant being



SUMVARY OF THE | NVENTI ON —'Fhe—pFeseﬁ{-—n—ﬁventl on has been devel oped-
in view of the foregoing facts, 'mk ( é gt 1s an object of

- 3- the invention to provif( 1 cau5|ng i quid
refrigerant to be efficiently recei ecei ver at

sucked tends to become somewhat excess:wely wet . Where
there is prov1ded a durlng defrost on-off control means 53,
however, this cpntrol-means 53 will cause the on-off valve
SV of the bypass path 4a to be opened so that gas
5 refrigerant is introduced into the condenser 6 which is
presently acting as an evaporator, whereby any exc;essive
pressure reduction "on the low pressure side can be
prevented. The wetness of the refrigeraﬁt is also
ieliminated. Thus, liquid back-flow to the compressor 1 is
10 _preventéd. Further, any abnormal shutdown due to low-
pressure cut-out can be pfevehted. |
- At the end of the defrost operation, a change-
over in operation cycle takes placé so that the evaporator
3 which has been acting as a condenser can. resume its
15 inherent function as evaporator. In this case, where
there is provided an after-defrost valve.control means 54
és above described, the pressure-reducing valve 5 and on-
off wvalve SV aré closed for a predetermined time, so that
refrigeraht supply to the evaporator 3 is shut-off. Thus,
20 liquid back-flow from the evaporator 3 to the compressor 1
is prevented.
Upon lapse of a predetermined time after a cycle
change-over to forward cycle, the after—deffost valve
control means 54 controls the electric expansion valve 5 to

.25 a small degree of valve travel and causes the on-off valve



the start/end of each def r ost epe#a%#en—and_beLQLe a node changeover in :
refrigeration cycle takes place prevent aliquid fl ow back to

t he conpressor w thout prOVISIO & or-. Fig. 1is a
sehemati c dlagranllllustratlng t IH H of the present invention.

A system for controlling refrigerating device
according to the present inventlon Is used'in arefrigerating device

whi ch, as shown in Fig. 1, includes a refrigerant circuit (9) in which a

conpressor 1, a condenser 6, a receiver 4 for storing liquid refrlgerant
a pressure-reducing val ve 5 and an evaparator 9 are

SV to be opened so that refrigerant £flows from the
condenser 6 into the receiver 4 to restrain a rise in the
preséﬁre on the high pressure side, whereby a high pressure
cut-out is' prevented.’ Thus, the pressure on the high
5 pressure side is maintaihed at a proper level and liquid
_ back-flow to the compressor 1 is positively prevented.

Preferably, the before-defrost on-off control
means 52, the during-defrost on-off control means 53, and
the after-defrost valve control means 54 are all pro%ided
10 in position. Through such arrangement is it possible to
positively prevent a 1liquid back-fiow that may possibly

occur during a reverse-cycle defrost operation.
Where the on-off wvalve SV is controlled by the
before-defrost on-off control means 52 so that it will be
i5 opened before and after aforesaid cycle change-over to
reverse cycle, gas’ refrigeraﬁt is introduced into -the
condenser 6 which is now acting as an evaporator, through
the on-off valve SV which is opened after the change-over
to reverse cycle. This provides for more pésitive
20 prevention of any liéuid back-flow that may otherwise occﬁr

after the change-over to reverse cycle.

According to the, present invention, the
refrigerating device may be arranged to be of an
accumulator-less construction. In other words, the

25 evaporator 3 .and the condenser 6 are both connected to the



connected together, and a cycle change-over nmechanism?2 for changing a
refrigeration cycle of the refFTﬁEFéﬁt*c%%eu%Lng;.betmeen forward operation
and reverse operation, the ref I’IhiGSﬁe@ttHag'geen Vi ce bei ng of such arrangement

tkRat the pressure-reducing vaIv &4 downstream of the
receiver 4 during either one of t Ww ng cycles. And the system
conpri ses: . a bypass pat g a top portion of the

receiver 4 to a liquid line on the dommstrean151de of the

pressure-reduci ng val ve 5; 8

compressor 1 without requiring the presence of an
accumulator. Such accumulator-less construction for the
refrigerating device pfovides for cost reduction and
eliminates the problem of capability decfease due to
5 pressure drop as well as the problem of two-phase
separation with respéct to oil and 1iquid'refrigérant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing the arrangement
of the present inventign;

10 _ Fig. 2 is a sygtenl'diagram shéwing a pipeline
arrangement for an air conditioning system representing one
embodiment of the invention;

Fig. 3 is a flow chart showing details of defrost

operation control; .
15 Fig. 4 is a flow chart showing details of deicer
temperature control during defrost operation;
Fig. 5 is a flow chart showing details of defrost
end detection coﬁﬁrol; '
Fig. 6 is a flow chart showing details of defrost
20 termination control; and
Fig. 7 is a time chart showing operation modes
and on-off changes of the on-off wvalve. |
BEST MODE EMBODIMENT bF THE INVENTION
. An embodiment of the present invention will now

25 be described with reference to the accompanying drawings.



-4- ' a normally closed _on-off valve SV for opening and closing
t he bypass path 4a; defrost operation control neans 51 for

switching the cycle change-over t et Replacedever se cycle position
n of the refrigerating
erform a defrost

device, thereby to control the devi

upon recei pt of a defrost comrmand .dy
operation; and :

Fig. 2 illustrates a refrigerant piping system in
an air conditioning system representing one embodiment of
the invention. There are arranged a scroll type compressor
1 whose operating frequency is variably adjustable by an

5 inverter (not shown), a four-way changeover valve 2 which
is switchable as shown by solid 1lines for a cooling
operation and as shown by broken 1lines for a heating
operation, an exterior heat.exchanger 3 which functions as
a condenser during cooling operation and as an evaporator

10 - during heating operati9n, a receiver 4 for storing a liquid
"refrigerant, an electric expansion valve 5 which acts as a
pressure reducing valve for xreducing the pressure of
refrigerant, and an internal heat exchanger 6 which
functions as an evaporator during the cooling operation and

15 as a condenser during the heating operation. These units
are sequentially interconnected by a refrigerant pipe line
8. thereby to form a refrigerant circuit 9 for causing a
heat flow through refrigerant circulation.

In a liquid line of the refrigerant circuit 9

20 | there is provided a rectifier mechanism 20 including a
point P upstream of the receiver 4, a poiﬁt Q downstream of
the electric expansion 'valve..S, a point R communicating

~with the internal heat exchanger 6, and a point. S
communicating Qith the external heat exchanger 3, which

25 points are interconnected in a bridge fashion through check



at | east one of (a) a before-defrost on-off control neans 52 for
controll'ing the on-off valve SV t0 be —opened-for_at | east a predet er m ned

period of time preceding a changquggﬁﬂg

eel;l verse cycI e operat ion via

t ke defrost operation control neans - defrost on-off
control neans 53 for controlling th SV to be opened during.a
reverse cycle defrost operation eff the defrost operation

control neans 51, but froma tine at mhlch neltlng of frost built on the
evaporator 3 has progressed a predeterm ned degree wuntil conpletion of the
defrost operation, -and (c) an after-def#8st valve control nmeans 54 for
controlling the

10

15

20

25

valves or the like. In the rectifier mechanism 20, the
points P and S are 'interconnectel_d by a first inflow pipe
8bl through a first check wvalve Dl which oniy allows
paséage of refrigerant from the extermal heat exchanger 3
side towaxrd the. receiver 4, and the points P and R are
interconnected by a second inflow pipe 8b2 through a second

check valve D2 which only allows passage of the refrigerant

" from the internal heat exchanger 6 side toward the receiver

4, while the points Q and R are interconnected by a first
exit flow pipe 8cl t_hroug_h a third check wvalve D3 which
only allows passage of the refrigerant from the electric
expansion valve 5 side toward the internal heat exchanger
6, and thé pbints Q and S are interconnected by a second
exit flow pipe 8c2 through a fourth check valve D4 which

only allows passage of the refrigerant from the electric

expansion valve 5 side toward the external heat exchanger

3. That is, whether in a cooling cycle or in a heating
cycle, rectification is made so that the refrigerant flows

in the sequence of the condenser 3 or 6 - the receiver 4 -

"the electric expansion valve 5 » the evaporator 6 or 3.

There is also provided, via ah on-off valve SV, a
gas bypass path 4a for bypassing gas refrigerant from the
top of the receiver 4 to a liquid pipe extending betv;zeen
the electric expansion valve 5 and the point Q. The on-off

valve SV is a normally closed on-off valve such that when



on-of f valve SV and the pressure-| redu0|ng valve 5 such that after
conpl etion of the reverse cycl e defrost operati-on—effected by the defrost

val ve SV

hereafter the on-off
iIle the pressure

operation control neans 51, the OﬂusShQJti-Iaé’}?eLeﬁ’ﬁﬁ V.qand the pressure reducing
o

valve 5 are closed for a predeter
I's opened for a predet m ,H"Irm
-5- .'
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there is need for liquid refrigerant being stored in the
receiver 4, the on-off valve SV is opened to xreduce the
pressure of the refrigerant. in the receiver 4 thereby to
enable the refrigerant storing capacity of the receiver 4
to be maintained.

In the present embodiment, | there is no
accumulator disposed at an intake pipe of the compressor 1,

it being arranged.'that -the internal heat exchanger 6 is

directly connected with the compressor 1 during the cooling

operation, while the external heat exchanger 3 is direétly

connected with the compressor 1 during the heating
operation. Briefly, this means an accumulatorless
arrangement in which an evaporator is directly connected
with the compressor 1.

In the embediment, the rectifier mechanism 20 is
provided forx rectifying the fiow of refrigerant. It is

understood, however, that the invention is not particularly

limited to such embodiment . For example, electric

expansion valves 5 may be disposed both. internally and
externally, with the liquid-refrigerant storing receiver 4
being interposed between the two electric expansion valves
5, provided, however, that in such_case gas bypass paths 4a
be provided which extend'from the top of the receiver 4 to

the respective electric expansion valves 5 and further to



reducing valve 5 is opened a predeternined | ow degree of valve travel.
Wth the above described arrangememt;where there—is provided a -

bef ore-defrost on-off control neanfisxheet lilBeediehRtg- def rost on-of f control
means 52, upon receipt of a defrosf [ Iflling operation of the
refrigerating device, causes the OHWIIUW“M !Lfor t he bypass path 4a
to be opened at |east for a predetefl ore the comencenent of
a reverse cycle defrost operation via the defrost operation control neans

51. As a result, the pressure in the receiver 4 is decreased so that
the liquid - 12 -

the respective heét exchangers 3, 6, with on;off valves SV
interposed in the respective bypass paths.

Further, the air coﬁditioning system is provided

with various sensors. Th2 denotes a discharge pipe sensor

5 disposed at a discharge pipe for sensing discharge pipe

temperature T2, Tha denotes an external air intake sensor

disposed at an air intake port of the external heat

exchanger 3 for semnsing outdoor air temperature, Thc

denotes an external heat exchange sensor, i.e., a deicer,

10 which is disposed at the external -heat exchanger 3 for

sensing condensation temperature Tc during cooling

operation and for sensing evaporétion temperature Te during

heating ope:r_‘ation, Thr denotes an dinternal air intake

sensor disposed at an air intake po:frt; of the internal heat

15 exchanger 6 for sensing room temperature, The denotes an

internal heat exchange sensor disposed at the internal heat

exchanger 6 £for sensing evaporation temperature Te during

cooling 'operation and for sensing condensation temperxature

Tc during heating = 6perati§n, HPS designates a high

20 pressure-side -pressufce switch which is turned on to actuate

a protective device upon an excessive rise in the high

preséure—side pressure, and LPS désignates a low pressure-

side pressure switch which is _turned on to actuafe _.the

protective ‘device upon an excessive decrease in the low

25 pressure-side pressure. Connections are provided so that



refrigerant in the condenser 6 iis noved to the receiver 4. - Thus, when
there is alnost no liquid refrigerant left in retention in the condenser

6, the cycle of operation is sw TH t cen cedever se cycl e such . that
t ke condenser 6 is functionally c evaporator, whereby liquid
back-flow to the conpressor 1 can- - After

comencenent of the reverse cycle defrost -operation, as the'nelting of the
frost built up on the evaporator 3 progresses, there is a tenperature rise
at the evaporator (which acts as a condenser during the reverse cycle
operation) 3, while on the other hand th%3ténperature of the condenser
(which acts as an evaporator during the
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signals ffom the various sensors can be input to a
controller (not shown) which controls the operation of the
air conditiéning systemn, wheréby the operation of the air
conditioning system may be controlled by the controller
according to the signals from the respective sensors.

In the refrigerant circuit 9, during the cgoling
operation, a liquid refrigerant resulting from condensation
at the external heat exchanger 3 follows a circulation path
such that it flows through the first inflow pipe 8bl into
the receiver 4 for being stored-theréin and, after being
subjected to pressuré reduction at the electric expansion
valve 5, the 1liquid refrigerant. flows through the {first
exit flow pipe 8cl into the internal heat exchanger 6 in
which the liquid refrigerant is evaporated, the evaporated
refrigerant being then réturned to the compressor 1 (see
solid line arrows in the fiéure). During the heating
6peration, a liquid.reffigerant resulting from condensation
at the internal heat exéhénger 6 follows a circulation-path

such that it flows through the second inflow pipe 8b2 and

via the second check valve D2 into the receiver 4 for being

stored therein and, after being. subjected to pressure
reduction at the electric expansion valve 5, the liquid
réfrigerant flows through thg second exit flow pipe 8c2
into the. external heat exchangér 3 in which the £luid-

refrigerant is evaporated, the evaporated refrigerant being



reverse cycle) 6 is |owered. As—ar—LesulL\he pressure on the | ow
pressure side is |lowered and the r,]‘ril_gerant being '

- 6- sucked tends to become sort
provi ded a during-defrost on-off c

means 53-wil |
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; gy wet . Were there is
l IM however this control

cause the on-off val.\

then returl;led to the compressor 1 (aee broken line arrows
in the figure). |

| The manner of a defrost operation during the
heating operation will now be described with reference to
the flow charts in Figs. 3 to 6 and the time chart in Fig.
7.

Initially, particulars of control procedure al:
the start of the defrost operation are explained with
reference to Fig. 3. | First, at step ST1l, decision 1is made
whether a defrost flag _FDl,_ which is "O" in normal
operation and "1" in defrost operation, is "1" oxr mnot.
When frosting occurs at the external heat exchanger 3 and
the defrost £flag FD1 is shown as 11w, control proceeds to
step ST2 at which decision is made whether an initial
defrost flag FD4, which is "1" only during an initial
defrost operxation, is "1" or not. If FD4 4is not "i",
control proceeds to step ST3, where LPS masking is made
which prohibits the actuatiqn of the 1low ﬁressure—sidé
pressure switch LPS. At step ST4-., a frequency computing
variable dNx is calculated on the basis of dNx = 5 - N
(where N denotes frequency step value) and, at step ST5, an
operating frequency Hz of ‘the compressor 1 is controlled on
the basis of the frequency computing variable dNx. At step
ST6, a TD3 timer for actuating a defrost end circuit is set

to start.



SY of the bypass path 4a to be opened sb_that gas refrigerant is
i ntroduced into the condenser 6 which is—presently acting as an

evapor ator, whereby any excessi verhisRh&BHLT
sikde can be. prevented. The we

Thus, liquid back-flg ﬁ "E
Further, any abnormal shutdown -

el i m nat ed.

prevent ed.

g éﬁqggron on the | ow pressure
g refrigerant. is also

essor 1 is prevented.

) essure cut-out can be

At the end of the defrost operation, a change- over

in operation cycle takes place so that the evaporator 3 which has been
acting as a condenser can resume its fnherent function as evaporator. In

this case,
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wher e

Next, at step S8T7, the on-off wvalve S8V aﬁ the
bypass path 4a for the receiver 4 is opened and, at step
ST8, the electric expansidn valve 5 is fully closed.'(at
time t0 in Fig. 7). The pressure in the receiver 4 is thus
reduced and a pump—dowh operation is carried out for
collecting the liQuid refrigerant present in the internal
heat exchanger 6 into the receiver 4. Then, at step ST9,
decision is made whether or not a count TD3 at the TD3
timer for actuating the defrost end circuit has reached 10
seconds or more, and at step ST10, decision is made whether
there is a decrease of a current or not. When TD3 z 10
(sec) or a decrease of a current does exiét, control
proceeds to step S8T1l1 at which the four-way chanigeover
valve 2 is turned off so that operation is changed to a
reverse cycle, i.e., a cooling-side operation. Then, there
begins a reverée cycle defrost 6peration.

Next, at step ST12, a four-way changeover valve
switching flag Fl1l1 (which is "1" on the cooling side, "25
on the heating side) is initialized at *0" and, at steps
ST13 and ST14, an external fan and an internal fan (both
not shown) are caused to stoé running respectively. If, at-
step ST15, the count TD3 of the TD3 timer for actuating the
defrost end circuit is.20 seconds or more, or if, at étep
ST16, there is a current decrease, control proceeds to step

ST17 at which the four-way changeover valve switching flag



there is provided an after-defrosL_Mngg_Eontrol.neans 54 as above
descri bed, the pressure-reducing val ve and-om——o0ff valve SV are cl osed

for a predetern1ned time, so that Theﬂ&mgggg&LR
Thus, |iquid back- ro Y
S prevented

i 8. shut off.
conpressor 1
after a cycle

ply to the evaporator 3
'k ator 3 to the

f a predeterm ned tine
fter-defrost val ve

change-over to forwar

control. neans 54 controls the electrlc expan5|on valve 5 to a snall degree
of valve travel and causes the on-off ve{ge :
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Fl1l is set to "1" or the cooling side. Then, at step ST18,
a valve travel P for:the electric expansion valve 5 is set
to 200 pulses. At step ST19, the electric e#éansion valve
5 is opened and the on-off valve SV for gas bypass path 4a
is closed (at time t2 in Fig. 7). At step 20, the initial
defrost flag FD4 is set to "1". _In this Way,.at an initial
stage of the defrost operation, the on-off wvalve SV is
closed and the electric. expansion wvalve 5 is opened te a
1arge-degree of wvalve travel, because it is intended that a
larger amount of. liquid refrigerant is fed into the
internal heat exchanger 6 at an early stage of the defrost
operation during which the ihternal heat exchanger 6 is
still warm. As the internal heat exchanger 6 becomes
chilled, the on-off valve SV for the gas bypass path 4a is
opened at time t3 in Fig. 7 in order'that.gas present in
the receiver 4 is supplied into the internal heat exchanger
6, as will be described hereinafter. |

Upon. completion of control steps .ST3 through
ST20, or when decision at step ST2 ie that the initial
defrost flag FD4 is "1", control proceeds immediately to
step ST21 at which a frequency 'step value N for the
cempreesor 1 is minimized. Then, at step ST22, the
frequency step value N is maximized, and thefeafter centrol

proceeds to'step ST23 for a deicer temperature control.



-1- SV to
into the recei
pressure side,
t he pressure

be opened so that refrigerant flows fron1the condenser 6
ver 4 to restraln—a—F+se_LnLLh§“_Qressure on the high
wher eby a high Pre{ssyre  cut-out I's" prevent ed. Thus,
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In the above described flow, contxol through step

ST11 and the subsequent steps represents the defrost

operation contxol means 51 of the inQéntion, and control at
step ST7 represents the before-defrost on-off control means
52.

Referring next to. Fig. 4, the process of the
deicer temperature control is shown in details. First, at
step SQ1, .decision is: made whether or not a deicér
temperature Te is 5°C or more and whether or not the
frequency step wvalue N.is uS" or more, and until Te = 5 and
N.z'S are reached, the reverse cycle defrost operation is
continued while the on-off valve for the gas bypass path 4a
is held in a closed position. When Te = 5 and N = 5,
decision is made that frost melting has progressed a
predetermined degree, and control proceeds to step SQ2, at
which the on-off wvalve SV for.the gas bypass path 4a is
opened (at time t3 iﬁ Fig. 7) to allow the gas refrigerant
in the receiver 4 to be drawn toward the low pressure side
so that any pressure decrease on the loQ pressure side and
any liquid back-flow to the compressor 1 are prevented. At
step SQ3, a deicer flag FD5, which is "0" when the deicer
temperature Te < 5 °C and is "1*" when Te = 5 °C, is changed
over to "1". At step SQ4, decision is made whether a cdunt
TD2 at a TD2 timer (valve-travel and frequency control

timer) is "0" or not. If the decision is not TD2 = 0, the



the after-defrost valve control neans 54 are all provided in position.
Thr ough such arrangenent is it posstblte—te—poesitively prevent a liquid

back-fl.ow t hat
oper ati.on.
bef or e- def r ost

and after aforesaid cycle change-

may possibly occ Jl0p 2 erse-cycl e defrost
Where the oﬁEs G i Betn Y dscontrolled by the
on-of f control neaj t will be opened before
i5e cycle, gas refrigerant is

i ntroduced into the condenser 6 which is now acting as an evaporat or,
through the on-off valve SV which is opened after the change-over to

reverse cycle.

This provides for -nbPe- positive prevention of any

l'iquid back-flow that may otherw se occur

10

timer is kept as it is, and if the decision is TD2 = 0, TD2
tlmer is set to start at step SQ5, then, in eithef case,
control proceeds: to step SQ6 At step SQ6, decision is
made whether count TD2 at TD2 timer has exceeded 20(sec) or
not, and when TD2 > 20(sec), control through step SQ7 and -
the subsequent steps is carried out. .

First, at step SQ7, decision is made whether the
frequency step value N .is N s. 5. if not N < 5, then
decision is made at step SQ8 whether or not a frequency

flag F10 (a flag for frequency increase due to current and

‘deicer temperature) is "1" which value is an indication of

15

20

25

frequency increase. If not F1l0 = 1, control proceeds to
step SQ9 at which a down signal for lowering the inverter
frequency Hz is produced. When, at step SQ10, the
frequency Hz coincides with the frequency value for step
value N, control procgeds to step SQ11 to give N = N - 1,
and then, control proceeds to step SQ13. . In the above
case, while decision at steplsdlo is that the frequency Hz
is not in coincidenpe with the frequency for the step value
N, control proceeds to step SQl2 for decision as to whether
decrease of a currxent is required or not. Only when no
current decrease is required, the lowering of the frequency
Hz is continued, and if there is . any requirement for the
decrease of the current, control proceeds to step SQ13. If

the decision at step SQ7 is N s 5, or if the decision at



aft.ter the change-over to reverse_gyng____a_______Q;cording to t he :
pr esent i nvention, the refrigerating evice y be arranged to be

of an accumul ator-|ess const r u®his Sheet Has Been Réplac&t N wor ds,

evaporator 3 and the condenser 6 armmﬁ"mﬁm,,w ed to t he

-8- _ '
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step SQ8 is F10 = 1, control proceeds immediately to step

SQ13. Through the above described process of control, the
frequency step valué-ﬁ is reduced to "5".

At step SQ13, the count TD2 at the TD2 timer,

5 which is a timer for valve travei and frequency control, is

0), and then control proceeds to step SQl4 at

- reset (TD2
which the "electric expansion valve 5 is driven to be
closed.

In the above described flow of process, control

10 - at step SQ2 iepresents_the during-defrost on-off control
means 53 of the invention.

In the foregoing control, a point of time at
which a prédetermined degree of progress has been made in
the process of frost melting at the external heat exchanger

15 . 3 is judged from a rise in an évaporétion temperature Te.
However, such a point of time méy be judged from a decrease
in discharged-gas temperatﬁre or a decrease in the low-
pressure side temperatufe,_or may be judged from a decrease
in the temperature of the'intefnal heat exchanger 6 or from

2d the lapse of a predeterminéd time after the start of the
defrost operation.

Next, the process of a defrost opgration-end
detectioﬁ céntrol will be explained with reference to ﬁhe
flow chart of Fig. 5. 1Initially, at step SS1, decision is

25 made whether the during-defrost flag FD1, with a guard



conpressor 1 wthout reqU|rlng“TﬁE‘—pfesence__Q_ an accunul ator.

Such accunul ator-1 ess constructhmmggéuﬁrrh..refrlgeratlng devi ce provides

for cost reduction and elimnates. J”_”eﬁ$ﬂéapablllty decrease due
qhase separation with

te pressure drop as well as the pr
respect to oil and liquid refriger L
Fig.”1is a block diagram show ng the arrangenent - of the present

i nventi on; Fig. 2is a systen1d|agran1shomnng a pipeline
arrangenment for an air conditioning systen1represent|ng one enbodlnent of
the invention; 20

timer for 10 minutes méximum, is "1" or not. Then, only
wﬁile FD1 = 1 that iS'indicative of the defrost operation
in prqgresé, control procedure of step 8SS2 and the
subsequent steps is executed.

5 First, at step SSZ,_decisioﬁ is made whether or
not the count TD3 at the TD3 timer for actuating the
defrost end circuit is 1 minute or more. If Tb3 > 1
(minute), then at étep ssé, decision is made whether or not
a discharge pipe temperature T2 is in excess of 120 °C, at

10  step SS4, decision is made whether or not a dgicer abnormal
flag FTe (usually "O0", but "1" wheﬁ the deicer Thc is
abnormal) is "1", at step SS5, decision is made whether or
not the deicer temperature Te is 10 ;C or moxe, apd at step
SS6 decision is made whether or not the count TD3 at the

15 TD3 timer foxr defrost end circuit actuation is 10 (minutés)
or more. If T2 s 120 (°C), FTe = 0, Te < 10 (°c), and TD3
= 10 (minutes), then control proceeds to step SS8. 'If the
decision at stép SS3 is T2 > 120 (°C), or if the decision
at step SSS is Te = 10 (°C), then control proceeds directly

20 ~ to step SS8. Where the decision atisfep Ss4 is that the

"~ deicer abnormal flag FTe = 1, control proceeds to étep SS87
at which decision is made whether TD3 = 4 (minutes) or not.
If TD3 = 4 fminutes), control prdceeds to step SS8. If thé
decision at step SS8S2 is nét T3 > 1 (minute), if the

25 decision at 8S6 is not TD3 = 10 (minutes), or if the



Fi.g. 3'is a flow chart showi ng details of defrost operation control;

Fig. 4 is a flowchart showing details of deicer tenperature contro

during defrost operation; - Fig. 5 is a flTow chart show ng details
Of def r ost . end det ect | on Cont r0| ThlsSheetHasBeean;gacecﬁ | S a fl ow Chart ShOW ng

details of defrost term nation col Fig. 7is atine
chart showi ng operation nodes and of the on- of f val ve.
BEST MODE EMBCODI MENT OF THE INVENTICN n enbodi ment of the .

present invention will now 2' :
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decision at step SS7 is not TD3 =2 4 (minutes), control for
decreasing the current is carr;ed out in éach case (details
of'ﬁhich control are omitted).
Next, at step SS8, decision is made wﬁether or
5 not the count TD3 of the TD3 timer for defrost end circuit
actuation is TD3 > 2.5 (minutes). If TD3 > 2.5'(minutes);
at step SS9, a defrost wvariable XD1' for calculating a
defrost end time is computed on.the basis of XD1 = (TD3 -
2.5) /TDh4 (where,. TD4 is an integrated heating operation
10 time). If not TD3 > 2.5 (minutes), at step SS10, setting
is made.to XD1 = 0. In either case, control then proceeds
to step SSil.
At step SS11, wvalve travel P of the electric
expansion vaive 5 ig set to P = 100 - P, and at step SS1i2
15 the electric expansion valve 5 is closed. Then, at step
8813, presettings for the deffost end operation are méde
which inclﬁde resetting of TD4 timer, a timer for
measurement of the integrated heating operation time, to
make the timer start counting, and halting . (holding) of run
20 of the TD3 timer for defrost end circuit actuation. At
step 8S14, flags FD1l, FD4, and FD5 are set to FD1l = 0, FD4
=.0f and FD5 = 0 respectively. Further, the after-defrost
flag FD3, which is "1" when the defrost operation ends, is
set to "1" and, as will be furtherx déscribed hereinafter,

25 an after-end 3-minutes flag FD2, which is "0" upon lapse of



be_' described with reference toﬂEM?n\ngg draw ngs.
-9- Fig. 2 illustrates a refri aﬂ{ plplng systemin an air

condi ti oni ng system representindh

the invention. There

vari ably adjustable by an

are arranged a scroll type corrprei I’"Immiﬁ operat| ng frequency is
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3 minutes after the end of the defroét operation, is set to
nyw, Additionally, an end timer TD6 for defrost ending
operation is reset for commencement of its counting.
Finally, at step SS15, a defrost end signal is output.

In other words, completion of defrosting is, in
principle, detected When the deicef temperature Te is 10.°C
or more oxr when the discharge pipe tempefature T2 exceeds

120 °C, but in the event of the deicer The being'abnormal,

the defrost time is set to 4 minutes (or T2 > 120 (°C)).

Furthermore, a guard is p;bvided such that the defrost
operation time is 10 minutes méximum.

Next, the procéss of defrost ending control will
be explained with reference to the flow chart of Fig.'s;

First, at step SR1, decision is made whether or not the

after-end flag FD3 is "0", and only where setting is FD3 =

1, the following procedure of control is carried out.

At step SR2, the four—@ay changeover valve 2 is
switched to an "on" position, that is, switched over to the
heating cycle (time t4 in Fig. 7), then at step SR3, the

four-way changeover valve switching flag F11 is initialized

“at "0", and at step SR4, external fan control is effected.

Then} at step SR5, decision is made whether oxr not the
count TD6 at the end timer TD6, which has started counting
upon the four-way changeover valve 2 being switched over to

the "on" position (heating side), is 10 seconds or more.



inverter (not shown), a four-way changeover valve 2 which is switchable as -
~shown by solid lines for a cooling operatron—and—as shown by broken |ines
for a heating operation, an exﬂhﬁﬂﬁ&fﬁ@ﬁ&nﬁ gnger 3 which functions as
a-condenser during cooling operat evaporator during heating
operation, a receiver 4 for stOri efrlgerant an electric
expansi on valve 5 which acts as a uci ng valve for reducing the
pressure of refrigerant, and an-internal heat exchanger 6 which functions
as an evaporator during the cooling operation and as a condenser during
the heating operation. = These units ar 3séquentially I nterconnected by a
refrigerant pipe |line

When TD6 = 10 (seconds), then at step SRGI the four-way
changeover 'valve switching flag 11 is set to "2" on the
heating side, and at step SR7 the frequency step value N is
reduced to 2, a minimum value

5 . Next, at step SR8, decision is made whether or
not TD6 > 10 {(minutes), that is, whether or not 10 minutes

have passed after the four-way changeover wvalve 2 was

switched over to the heating side. If not TD6 > 10
(minutes), at step SR9, a maximum frequency Nmax for the
10 - compressor 1 is set to Nmax = INT (0.6Nt) (where, Nt is a

rated frequency which is determined accordin_g to machine
type) until 10 minutes has lapsed after the end of the
defrost operation. If TD6 > 10. (minutes), then at step 10,
Nmax is set to Nmax = MAX - N (where, MAX-N is a maximum
15 - frequency value preset according to machine type). Then,
in either case, control broceeés to step SR11l. Limitation
on maximum frequency ﬁma:r is relexed by maximum 1N for each
60 seconds through normal control, but underxr the foregcing
control, the maximum frequency Nmax is subject to a
20 limitation of 0.6 Nt before thé 1lapse of 10 minutes.
Therefore, after the 1limit of 0.6 Nt is reached, any
further frequency increase is impossible. However, after
the lapse of' 10 minutes, an increase of maximum 1N for
each .60 seconds in the upper limit of the frequency is

25 again rendered possible, and thereafter there may be a



8.thereby to forma refrigerant crrcutt 6
refrigerant circulation. Thik L QUi
there is provided a recj:’ b Be

circuit 9

upstream of the receiver 4, a point
valve 5, a point-R connunlcatlng '

r—eausing a heat flow through

[ : of the refrigerant

20 including a point P

of the electric expansion
al- heat exchanger 6, and a

point S comunicating with the external heat exchanger 3, which points
are |nterconnected in a bridge fashion through check

10

15

20

25

- 24 -

contiﬁued increase in the maximum frgquency Nmax until the
maximum frequency Nmax reaches MAX-N.

Where the decision at step SR5 is TDé < 10
(seconds), control proceeds to step SR11, skipping' the
control at SR6 through SR10.

At SR1l, decision is made whether or not the time
TD6 after the defrost end is TD6 > 30 (ﬁinutes). Until TD6
> 30 (minutes) is reached, decision is made whethexr TD6 = 3
(minutes) at step SR12, and until TD6 = 3 is reached,
control procedure of step SR13 and thé subseqﬁent steps is’
carried out.

At steps SR13 and SR14, decisions are made
whethexr TD6 > 20 (seconds).or not, and whether oxr TD6 < 40
(seconds) oxr not, réspectively. If TD6 < 20 (seconds),
then at step SR16, the on-off valve SV for the gas bypass
path 4a is closed (time t4-t5 in Fig. 7) until the
specified time of 20 seéonds has lapsed after the operation
returns to the heating cycle. By this it is intended that
the 1liquid refrigerant stored in the external heat
exchanger be prevented ' from being sucked into the
compressor 1. For a subsequent period of 20 (seconds) <
TTD6 < 40 (secoﬁds), at step SR15, the on-off valve SV is
opened (time t5-t6). When TD6 = 40 (seconds) is réached,
the on-off valve SV is closed (at and after the time t6 in

Fig. 7) at step SRI16. Through this process, as will b°
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val ves or the Ilike. ——+ﬂ—Lhe_LegL|f|er mechani sm 20, the points

P and S are interconnected by af&L |anOM/p|pe 8bl through a first

check valve D1 which only allows.
heat exchanger 3 side toward th
I nt erconnected by a second |ano

Repladed i ger ant from the externa
m nd the points P and R are
ugh a second check valve D2

whi ch only allows passage of the refrlgerant romthe internal heat
exchanger 6 side toward the receiver -
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described in detail hereinafter, liquid flow-back in the
compressor 1 is prevented while pressure on the high
pressure side is properly kept.

“When the on-off wvalve SV is opened at the time

~point of t5 in Fig. 7, control procedure of steps SR17

through SR20 is carried out for holding the valve travel of
the eleétric expansion valve 5 at 50 pulses. Then, control
proceeds to step SR21. It is noted that at steps SR19 and
SR20 the electric expansion wvalve 5 is designated by
characters "EV".

In the present example, the opening and closing
of the on-off wvalve SV, at times t5 ana té in Fig. 7, is
effected by way of the lapse of a predetermined_time,.but

such opening and closing may be effected on the basis of

. the temperature at the internal heat exchanger 6 oxr the

pressure on the high pressure side.

Next, at step SR21, a frequency drive offsef
variable X7.is set to n3u and, at step SRZZ, decision is
made whether or not a variable XD4 related to the outdoor
temperature prior to the beginning of the defrost operatidn
is 10 °C or more. If XD4 = 10 (°C), then at step SR23,
control is effected to give P = £1(N). If not XD4 = 10
(°C), then at stép SR24, control is effected to give P =
f2(N). Then, in either case, control proceeds to step SR25

at which valve travel control is made with respect to the



4, while the points Q and R are interconnected-by-a-first exit flow pipe

8c1 through a third check valve D3 which
refrigerant fromthe electric exﬂ&

heat exchanger
exit flow pipe
passage of the

Ilgms passage of the
de toward the interna
6, and the points ﬂlﬁiﬂm erconnect ed by a second
8c2 through a fourthi which only all ows

refrigerant fromthe electric. expansion valve 5 side toward

t he external heat exchanger 3. That is, whether in.a cooling cycle or in a

heating cycle,

rectification is made so that the refrigerant flows in the

sequence of the condenser 3 or 6 [err]_-thg receiver 4 [err] the electric
expansion valve 5 [err] the evaporator 6 or 3.
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electric expansion valve 5. In.the,above, f1(N) = 0.5N +
0.5, and £2(N) = 0.3N + 0.1. Through this control, valve
travel IP increases in proportion as the frequency Hz
increases. Meanwhile, the 'valvé travel of the electric
expansion valve 5 is also controlled by normal control
(expressed by the relation P = f£(Hz, de,.EP)) as well. 1In
effect, therefore, the wvalve travels effected by éhe two
ways of control are added up.

In the foregoing process, when thé decision at
step-SRlz is TD6 = 3 (minutes)}, control procgeds to step
SR26. If the frequency -drive offset wvariable X7 is "3",
then at step SR27, the variable X7 is reset to "0". If the
frequency variable X7 is not "3%, it is held as it is.
Then, in either case, contxol proéeeds to step BSR28 at
which the after-end 3-minutes flag :FD2. is set to "O".
Meanwhile, with the start of thg heating operation, the
internal fan has been already brought into an o?erating
condition.

Wlth further lapse of time, when, at step SR11,
decision with respect to count TD6 at the TD6 timer foxr
measurement of time lapse after the end of thg defrost
operation is TD6§ > 30 (minutes), control proceeds to step
29 at which the count of the TDé timer is reset to 0 (TD6 =
0). At step SR30, the LPS mask, which inhibits actuation

of the low pressure-side pressure switch LPS, is £freed or



There is also provided, via an on-off valve SV, a gas bypass path 4a for
bypassi ng gas refrlgerant fromthe top of the receiver 4 to a |liquid pipe

oRn- of f

valve SVis a normally c

10

15

20

25

Q
ve such that when

extendi ng between the electric égﬁ i Fous Beet IRviacey and t he poi nt
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cancelled, and at step'SR31-, the after-defrost flag FD3 is
switched over to FD3 = 0. Thereupon, the process of
control is_completed.

In the above described flow, the control
procedures of stép SQ14 and steps SR13 through SR20
represent the after-defrost on-off control means 54 of the
present invention.

In this way, accérding to the present embodiment;
when a defrost command is issued during the heating
operation, the on-off valve SV for the gas bypass path 4a
is opened by the before-defrost on-off control means 52
before the commencement of - the reverse cycle defrost
operation (at tO iﬁ' Fig. 7) by the defrost operation
control means 51, so that the pressure in the recei&er 4 is
lowered, which results in inflow into the receiver ¢ of
liquid refrigerant present in fhe inﬁernal heat exchanger 6
which has been acting as a condenser. Therefore, a
changeover to the reverse cycle defrost operation is
possible in such a condition that 1little or no liquid
refrigerant is retained in the internal heat exchanger 6.
This enables liquid back-flow into the compressor 1 to be
effectively prevented.

When the befote-defrost on-off control means 52
controls the on-off wvalve SV to open from before a

changeover to the reverse cycle until after the changeover,



there is need for |iquid refrigeraﬁk—beLng_sLnLﬁd_Lﬂ_the receiver 4, the
on-off valve SV is opened to reduc lmﬁressure of. the refrigerant in the

receiver 4 thereby to enable the r
to be maintai ned.
no accumul ator - dlspose

receiver 4

t here is.

en #hg capacity of the
present enbodi nment ,
pi pe of the conpressor 1,

it being arranged that the internal heat exchanger 6 is directly connected
with the conpressor 1 during the cooling operation, while the external

heat exchanger 3 is directly connected with the conpressor 1 during the
heating operation. Briefly, this- %&kans an accunul atorl ess
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gas .refri'gerant is introduced into the J':nternal' heat
exchanger 6, which is now acting as an evaporator, as a
result of the on-off valve SV being opened after the
changeover to the reverse cycle. "Thus, any liquid back-
flow after the changeover to the reverse cycle can be more
ef-fectively .prevented. |

After the commencement of a reverse cycle defrost
operation and as frost melting at the external heat
exchanger 3 progrésses, the temperature in the external
heat exc;hanger 3 goes up, whereas the temperature in the
internal heat exchanger 6 is. lowered. As a result, thé
pressure on the lower pressure side is lowered and the
incoming refrigerant tends to get wet. At that point of
time (t3 in Fig. 7) the on-off valve for the gas bypass'
path 4a is opéned by the during'_-defrost on-off control
means 53 so that gas refrigerant is introduced into the
internal heat exchanger 6 which is acting as an evaporator.
As a rxesult, any' excessive pressure decrease on the low

pressure side is prevented, and the wetting condition of

“the refrigerant is eliminated. Further, any liquid back-

flow into the compressor 1 is prevented.

At the end of the defrost operation (at t4 in
Fig. 7), the internal heat exchanger 3 which has been
acting aé a condenser is switched over to an evaporator.

For a predetermined time . (t4-t5 in Fig. 7), howéver, the



aLr angement
conpr essor
provi ded for

hewever,

enbodlnent

i n which an evaporator i s dlrectly connected wth the

In the e—%ee{lfler mechanism 20 i s

rectifying the flo -s&xaEﬁs “I't is wunderstood,

that the invention is-no wﬁ imted to such
For exanpl e, Jm & m [ansi on valves 5 may be
di sposed both internally and ext he Iiquid-refrigerant

storing receiver 4 being |nterposed bet ween the two el ectric expansion
val ves 5, provided, however, that in such case gas bypass paths 4a be
provi ded which extend fron1the top of tR® receiver 4 to the respective
el ectric expansion valves 5 and further to
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electric expansion wvalve 5 and the on-off valve SV are
closed under the control of the after-defrost valve com_rol
means 54. Therefore, no supply of refrigerant is mado to
the external heat exchanger 3 during that time and any
liquid back-flow from the external heat exchanger 3 toward
the compressor 1 is prevented.

When .the on-off wvalve SV .is allowed to remain
closed, the internal heat exchanger 6 which has been acting

as an evaporator is made to act as a condenser, with the

pressure therein being low (e.g., on the oxrder of 0.5
kg/cm?), while the pressure in the receiver 4 is high
(e.g., on the order of 10 kg/ cm?). - This unfavorably

affects the flow of refrigerant from the internal heat
exchanger 6 t6 the recei\:rer 4, with the result that inflow
of discharged refrigerant £from the _compressor 1 may not
possibly supplied to the recéiver 4. Therefore, it is
possible that the pressure.on ,t;_he high pressure side be
abruptly increased to develop a high pressure cut. As
such, according to the present invention, upon lapse oi a
predetermined time after ;:he. changeover to the heating
cycle (t5 in Fig. 7), the wvalve travel of the electric
expansion valve S5 is controlled by the after—defrost valve
control means 54 to a small degree of valve travel (50
pulses in the foregoing example), and the on-off valve SV

is opened to allow refrigerant to flow from the internal



212 - the respective heat exchan
|nterposed I n the respective bypﬂﬁ&sﬂg{ 2 Bon Further, the air
condi tioning systemis provided emdéors. Th2 denotes a
dikschar ge pi pe sensor di sposed a Wiﬁi i pe for sensing discharge
p1 pe
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‘heat exchanger 6 into the receiver 4, so that any excessive

increase in the pressure on the high pressure side is
suppressed and any high pressure cut is prevented.
Further, upon a subsequent lapse of a specified time (t6 in
Fig. 7), the electric expansibn valve 5 is controiied to a
controlled degree of valve travel and the on-off valve SV
is controlled to be closed. Thus, return to ‘the heating
operation can be .smoothly _effectéd: Thefefore, it is.
possible to effectively prevent any liquid back-flow to the
compressor 1 while 'maintaining the pressure onl the high
pressure side at a proper level.

In particular, adoption of such accumulatorless
construction as the above described embodiment provides for
reduction in costs and improvement in performance, with a
ligquid-back preventive function maintained through control
of the on-off valve SV and electric expansion valve 5.

In the ,above described embodiment, the on-off
valve SV is openéd for a predetermined time before Eand
after the commencement of defrost operation, but it may be

opened for a predetermined. time only prior to the start of

' defrost operation.

iNDUSTRIAL APPLICABILITY
As described above, the .system for controlling

operation of a refrigerating device in accordance with the

_invention is applicable to air conditioning apparatuses and



tenperature T2, Tha denotes an-external air intake sensor disposed at an
air intake port of the externaITheat exchanger 3 for sensing outdoor air

tenperature, Thc denotes an ext'8 ten®eglivannge sensor, i.e., a deicer
which is disposed at the external r 3 for sensing.
condensation tenperature Tc ' ' Ilig operation and for sensing
evaporation tenperature Te during heating operation, Thr denotes an

internal air intake sensor dlsposed at an air intake port of the

i nternal heat exchanger 6 for sensing roon1tenperature The denotes an
i nternal heat exchange sensor disposed atlthe internal heat exchanger 6
for sensing evaporation tenperature Te during '

refrigerating apparatusés which are designed to perform

reverse cycle defrost operations.



caol ing operation and for SEI‘TﬁQ‘C‘UITd‘@ﬁS&t-i—Gﬂ tenperature Tc during
heating operation, HPS deRi@RAHESBoRRe: h pressure-side pressure

switch which is turned on to ective ‘devi ce upon an excessive
rtse in the high pressure- SJEMEH% mﬁ nd LPS designates a | ow
pressure- side pressure sw urned on to actuate the
protective device upon an excessive decrease in the |

pressure. Connections are provided so that Tmllmlﬁﬂmnﬁlli"ﬂil
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CLAIMS
1. A | systeﬁ for controlling operation of a
refrigerating deviée which.includes a refrigerant circuit
(9) in which a éompressor (i), a condenser (6), a receiver
5 (4) for storing liquid refrigerant,i a pressure—feducing
valve (Sf, and an evaporator (9) are connected together,
and a cycle change-over mechanism (2) for changing a
refrigerétion cycle of the refrigerant circuit (9) between
forward operation and reverse operation, the refrigerating
10 device being of such afranggment that the pressure-reducing
valve (5) is .positioned downstream 6f the xreceivexr (4)
during either one of the refrigerating cycles, the system
comprising:
a bypass path (4a) connecting a top: portion of
15 - the receiver (4) to a liquid line on tlie downstream side of
the pressure—reducing valve (5);
a normally closed on-off valve (SV) for opening
and closing the bypass path (4a);
defrost operation contxrol means. (51) for
20 switching the cycle change-over mechanism (2) to a reverse
 cycle position upon receipt of a defrost command during
operation of.the refrigerating device, thereby to control
the device so as to perform a defrost operation; and |
at least one of (a) a before-defrost on-off

25 ~ control means (52) for controlling the on-off wvalve (SV) to



- .13 - signals fromthe various sensors can be input to a controller
(not shown) which controfs—the—operation of the air conditioning system

wher eby t he operatlonngmkggiﬂE condltlonlng system may be controlled by

tlmg controller

accordi
In the refrigerant C|r H
refrigerant resulting f

¢l s fromthe respecti ve sensors.

226 at tne et IR MEEY MULAAHce - -

follows a circulation path such that it flows throdgh® thb 1 r St i"nf | ow

pi pe 8bl into

10 -

15

20
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be opened for at least a predete;mined period of time
preceding a change-over to a reverse cycle operation via
fhe defrost 6perati§n control means (51), (b) a during-
defrost on-off control means (53) for controlling the on-
off -valve (SV) to be opened during a reverse cycle deirost
opera£ion effected through the defrost operation control
means (51), but from a time at which melting of frost built
on the evaporator (3) has prdgressed a predetermined degree
until completion of the defrost operation, and (c) an
after-defrost valve control means (54) for controlling the

on-off valve (SV) and the pressure-reducing wvalve (5) such

that after completion of the «xreverse cycle defrost

-operation- effected by the defrost operation control means

(51), the on-off wvalve (SV) and.the pressuré reducing valve
(5) are closed for a predetermined time and thereafter the
on-off wvalve (8V) is opéned fér a predetermined'timé while
the pressure reducing valve (5) is opened a predetermined

low degree of valve travel.

2. . The system for controlling operation of a
refrigerating device as set forth in claim 1, wherein said
before-defrost on-off coﬁtrol means is operative to'control
the on-off valve (sV) to be opened from a time before the
change-over to the reverse cycle until a time after the

change-over to the reverse cycle.



the receiver 4 for being stored therein and, after being subjected to
préessure reduction at the electric expansion valve 5, the liquid
refrigerant flows through the first exit flow pipe 8cl into the interna

heat exchanger 6 in which the liquid refrigerant is—evaporated—the—

evaporated refrigerant being then returned to the c solid
line arrows in the figure). During the heating ;ﬂﬁiﬁﬂigiﬁﬂﬂimﬂl d .
refrigerant resulting fromcondensation at the inte er 6
follows a circulation path such that it flows through the second inflow

pi pe 8b2 and via the second check val ve3#2-into the receiver 4 for bei ng
stored therein and, after being subjected to pressure

3. ' The system for controlling operation of ‘a
refrigerating device as set forth in claim 1, wherein said
evaporator (3) is connected to the compressor (1) without

an accumulator interposed therebetween.

5 4. : The system for controlling operation of a
refrigerating device as set forth in claim 1, wherein said
condenser (6) is connected to the compressor (1) without an

accumulator interposed therebetween.

5. - The system . for controlling operation of a
10 refrigerating device as set forth in claim 2, wherein said
evaporator (3) is connected to the compressor (1) without

an accumulator interposed therebetween.

6. The system for controlling operation of a
refrigeréting device as set forth in claim 2, wherein said
15 - compressor (6) .is connected to the compressor (1) without

an accumulator interposed therebetween.

This Sheet Has Been Reilaced
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reduction at the electric expansion valve 5, the liquid refri gerant fl ows
t hrough the second exit flow pipe 8c2 -into the external heat exchanger 3

béi ng

10

15

20

25

in:which the fluid refrigerant I@i)mﬂﬂiﬁmémeﬁlﬂm evapor at ed refrigerant

- 35 -

ABSTRACT
A system for controlling operation of a refrigerating

device which includes a refrigerant circuit (9) in which a

compressor (1), a condenser (6), a receiver (4) for storing

liquid refrigerant, a pressure-reducing.valve (5), and an
evaporator (9) are connected together, and a cycle change-
over mechanism (2) for changing a refrigeration cycle of
the refrigerant circuit-(Bf between forward operation and
reverse operation, the refrigerating device being of such
arrangement that the pressure-reducing valve (5) is
positioned downstream of the receiver (4) duriﬁg.either one
of the refrigerating cycles. The system prevents liquid
back-flow to the compressor at the time of a cYcle change-
over, whiie allowing the refrigerating device to have
accumulatorless construction. The top portion of the
receiver (4) is connected fo a liquid 1line on the
downstream side of the pressure-reducing valve (5) through
a bypass path (4a), and an on-off wvalve (SV) is provided in
this bypass path (4a). The on-off valve (SV) is controlled
to be opened for a predetermined time before the cycle is
switched to a reverse cycle defrost operation. ~With this
arrangement, a liQuid refrigerant is recovered by the
receiver (4) to prevent liquid back-flow. The on-off valve
(SV) of the bypass path (4a) is opehed during the reverse

cycle defrost operation, but only from the time at which



then-feturned to the conpressor 1 (see broken line arrows in the figure).

The manner of a defrost operation during the heating operation will now be
described with reference to the flow charts in Figs. 3 to 6 .and the tine
chart in Fig. 7. Initially, -particulars of control procedure at

the start of- the defrost operation are explained wwth reference to Fig. 3.
First, at step ST1l, decision is nmade whether . a defrost flag FD1,

which is "0" in normal .operation and "1" in defrost operation, is
"1" or not. Wen frosting occurs at the external heat.exchanger 3 and

defrost has already progressed to a certain extent until

- the completion of defrost. With this arrangement, an
excessive reduction of the low pressure and the 1liquid
back-flow are prevented. After an electric expansion valve

5 (5) being the pressure-reducing valve and the on-off wvalve
(SV) are closed for a predetermined time upon completion of

the defrost, the electric expansion valve (5) is opened to

a small degree and the on-off wvalve (SV) is opened for a

predetermined time. With this arrangement, the rise of the

10 high pressure is controlled and the 1liquid back-flow is
prevented.
\
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t he. déﬁrost flag FD1 is shown as "1", control proceeds to step ST2 at
whi ¢h deci si-on i s made whet her an |n|t|al defrost” flag FD4, which is
"1" "only during an initial defrost operation, ~is "1" or not. - If FD4
is not "1", control proceeds to step ST3, where LPS masking is made

whi ch prohibits the actuation of the |ow pressure-side pressure
swtch LPS. At step ST4, a frequency conputing variable dNx is cal cul ated
on the basis of dNx 5- N (where N dépot es frequency step value) and, at
step ST5, an operatlng frequency Hz of the conpressor 1 is controlled on
the basis of the frequency conputing variable dN\Nx. At step ST6, a TD3
timer for actuating a defrost end circuit is set

Fig 7
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to start. Next, at step ST7, the on-off valve SV at
thé& bypass path 4a for the receiver 4 is opened and, at step ST8, the

el ectric expansion valve 5 is fully closed (at tine tOin Fig. 7). The
préssure in the receiver 4 is thus '
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reducéd and a punp-down operation is carried out for collecting the liquid

_refﬁlgerant ﬁ%eseﬁ%—+ﬂ—%he—+nLeLnal heat exchanger 6 into the receiver 4.
Then, at step e |S|on |s made whet her or not-a count TD3 at the TD3
timer for act end circuit has reached 10 seconds or
nore, and at |on I s made whether there is a decrease of a
current or not rr] 10 (sec) or a decrease of a current does

exi st, control proceeds to step ST11l at Mhlch t he four-way changeover

valve 2 is turned off so that operation is changed to a reverse cycle,
i.e., a.cooling-side operatlon Then, there beglns a reverse cycl e defrost

oper at i on. © o o < o 2
y ~
10 ~ £ = = — =
w 0 ) w &) n .
o )
c ® e
28 g
m :
o o2 i () @ 290 o
I © > 0 E = e =
ol |> L £l |B]]|Zo s
o = =| |8
8Q @
D= 0
iT¥e) N
O
n w o u o 5 5 5
NN AR A A
o~ c ®© -LL T o Cs-
S Sy | = O @] o Sln
0ol | ® QO] o |nl
o o> L T s S o e "
AN |5 =C | L] s8] |=|T|M| |5 o
2] = WL = = m =
0 3 3 o o E (.:)
<}/ O L S 1E
n O
g P ¢ 15
—
- @
a _ >
w
£ /\ > = [ ]
< G- S o
™M |a @ ol<| |=113 al 12 o
oy | @ ol = Bl -4 I | ~ Ll €l ST
R = I i = wilTF e gl {= & L
b |3 a a) ol A58 [ |E[EE[].S
Q ITH TH o Z — F 06 5O
— 4 o e ™ [ (9]
€ | = — S | © '
S|?RBo ©
%) ¥ 7o) D < ©
7 e A S
w w w w w



Next, "at step ST12, a four-way changeover valve switching flag F11 _(which
is™1" on the cooling side, "2" on the heating side) is initialized at "0"
and, at steps . ST13 and ST14, an external fan and an internal fan (both
noft” shown) are caused to stop running respectively. If, at step ST15, the
count TD3 of the TD3 tinmer for actuating the defrost end circuit is 20
seconds or nore, or if, at step .ST16, there is a current decrease, control
proceeds to step ST17 at which t he four4way changeover val ve switching

flag
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- 16 - F11 is set to "1" or the cooling side. Then, at step ST18, a
val®ve travel P for the electric expansion valve 5 is set to 200 pul ses. At
step ST19, the electric expansion valve 5 is opened and the on-off valve
SV'for gas bypass path 4a is closed (at time t2 in Fig. 7). At step 20,
the initial defrost flag FD4 is set to "1". In this way, at an initial
stage of the defrost operation, the on-off valve SVis c¢losed and the

el ectric expansion valve 5 is opened to a 5/7
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Iarge’degree—of‘VETVE—fraver——because it i's intended that a |arger anount

of *liquid re amsBmsR nto the internal heat exchanger 6 at an
early stage o operatlon during which-the internal heat
exchanger 6 i the internal heat exchanger 6 becomnes
chilled, the - a ve SV for the gas bypass path 4a is opened at tine

t3in Fig 7 |n order t hat gas present B the receiver 4 is supplied into
the internal heat exchanger 6, as wll hé described hereinafter. _
Upon conpletion of control steps ST3 through ST20, gor wheo deci st on at

step ST2 is thatl the jpitial deftms flag €4 ip "§, confFol phbceeds
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step- ST21 at which a frequency step value N for the conpressor 1
m fi mi zed. Then, at step ST22, the frequency step value Nis
proceeds to step ST23 for a deicer

maxi m zed, and thereafter contro

t enperature control . - 17 -
t he above described flow, control through step :
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ST1i and 't he subsequent steps represents the defrost

Q05240 If05
operation control

neans 51 of the invention, and control at step ST7 represents the

‘bef ¢re- (1@‘.;;510@1 T ottt reas  52. Ref-eeti-ng-next _to Fig.

4, DB RLO5ES EB E. ’P‘@e tenperature co I @G%%ﬁﬂ SHERESI | $G
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SPECIFICATION

SYSTEM FOR CONTROLLING OPERATION OF REFRIGERATION DEVICE

TECHNICAL FIELD

The present invention relates

to a system for

controlling operation of a refrigeration device which is

arranged to perform a reverse cycle defrost operation and,

more particularly,

back-flow to a compressor.

BACKGROUND ART

An air

refrigerant circuit wherein a compressor,

side heat

utilization

exchanger,

end-side

conditioning

heat

system

a pressure-reducing valve,

exchanger

to an arrangement for preventing liquid

including a
a heat souxrce-
and a

are sequentially

connected and wherein its refrigerating cycle is switchable

between forward cycle and reverse cycle,

which,

Application Laid-Open No.

reverse cycle defrost operation such that when,

heating operation,
heat exchanger,
defrost command,
to

cycle a

refrigerant

cooling

63-15434,

‘the refrigerant circuit,

cycle so

IREL <L

that

has been known

as disclosed in, for example, Japanese Utility Model

can pexform a so-called

during a

frosting occurs at the heat-source-side

upon  receipt of a

is operative to switch the refrigerating

a discharge gas

.(hot gaé)nis_flowed into the heat source-side
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decision is nmade that frost melting has progressed a predeterm ned degree,
proceeds to step S@@, at which the on-off valve SV for the gas
bypass path 4a is opened (at time t3 in Fig. 7) to allow the gas
refrigerant inthe receiver 4 to be drawn toward the | ow pressure side
that any pressure decrease on the | ow pressure side and any liquid

and contr ol

back-flow to the conpressor 1 are prevented. At step SQB, a deicer flag

FD5, which

when Te [err] 5 [err]C, is changed over to "1". At step SQ4, decision is

is "0" when the deicer tehperature Te <5 [err]C and is "1"

made whether a count TD2 at a TD2 tiner (valve-travel and frequency

contr ol ti

mer) is "0" or not. |If the decisionis not TD2 = 0, the
heat exchanger for a predetermined time or until the

temperature at the heat-source-side heat exchanger rises to
more .than a predetermined temperafure value, whereby the
frost at the heat-source-side heat exchanger is melted for
restoring the capability of the heat exchanger.

In such an air conditioning system, when, at the
beginning or end of a defrost operation, the refrigerating
cycle is forwardly or reversely changed, liquid refrigerant
begins to flow toward the compressor as a result of a
functional change to an evaporator of the heat-source-side
heat exchanger or 'utiliiation-side heat exchanger, which
has been functioning as a condenser and which, therefore,
has a large amount of liquid refrigerant stored therein.
In such conventional type of air conditioning system,
therefore, an accumulator is disposed before the compressor
to absorb the liquid refrigerant thereby to prevent liquid
back-flow to the compressor.

With the accumulator so disposed, however, the
system may involve various troubles including a power
decrease due to pressure reduction, and separation of oil
and liquid refrigerant into two phases. Essentially,
therefore, an accumulatorless arrangement is desired.

SUMMARY OF THE INVENTION

The preseﬁt invention has been developed in view

of the foregoing facts, and accordingly it is an object of

SO
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- 18 - timer is kept as it is, and if the decision is TD2 = 0, TD2
témer is set to start at step S, then, in either case, control proceeds
to step S@6. At step S, decision is made whether count TD2 at TD2

ti mer has exceeded 20(sec) or not, and when TD2 > 20(sec), control through

step SQ7 and

the invention to provide means for causing 1liquid
refrigerant to be efficiently received into the receiver at
the start/end of each defrost operation and before a mode
changeover in refrigeration cycle takes place, thereby to
prevent a liquid flow-back to the compressor without
provision of an accumulator.

Fig. 1 is a schematic diagram illustrating the
arrangement of the presént invention.

A system for <controlling operation of a
refrigerating device according to the present invention is
used in a refrigerating device which, as shown in Fig. 1,
includes a.refrigerant circuit (9) in which a compressor 1,
a condenser 6, a receiver 4 for storing liquid refrigerant,
a pressure-reducing valve 5, and an evaporator 9 are

Hconpected together, and a cycle change-over mechanism 2 for
changing a refrigeration cycle of the refrigerant circuit 9
5etween forward operation and reverse operation, the
refrigeratinél device being of such arrangement that the
pressure-reducing valve 5 is positioned downstream of the
receiver 4 during either one of the refrigerating cycles.
And the system comprises:

a bypass path 4a connecting a Eop portion of the
receiver 4 to a liquid line on the downstream side of the

pPressure-reducing valve 5;

This is the replacement shest
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t he subsequent steps is carried out. First, at step SQ7,
decision is made whether the frequency step value Nis N [err] 5. I f not
N[err] 5 then decision is made at step S@ whether or not a frequency
flag F10 (a flag for frequency increase due to current and deicer
tenperature) is "1" which value is an indication of frequency increase.

If not F10 = 1, control proceeds to step S at which a down signal for

| owering the inverter frequency HzZ %is produced. When, at step

SQL0, the frequency Hz coincides with the frequency value for step value
N, control proceeds to step SQL1 to give N=N- 1, and then, control
proceeds to step SQL3. In the above

a normally closed on-off walve SV for opening and
closing the bypass path 4a; -

defrost operation control means 51 for switching
the cycle change-over mechanism 2 to a reverse cycle
position upon receipﬁ of a defrost command during operation
of the refrigerating device, thereby to control the device
so as to perform a defrost operation; and

at least one of (a) a before-defrost on-off
control means 52 for controlling the on-off valve SV to be
opened for at least a predetermined period of time
preceding a change-over to a reverse cycle operation via
the defrost operation control means 51, (b) a during-
defrost on-off control means 53 for controlling the on-off
valve SV to be opened during a reverse cycle defrost
operation effected through the defrost operation control
means 51, but’ from a time at which melting of frost built
on the evaporator 3 has progressed a predetermined degree
until completion of the defrost operation, and (¢) an
after-defrost valve control means 54 for.controlling the
on-off valve SV and the pressure-reducing valve 5 such that
afterxr completién of the reverse cycle defrost operation.
effected by the defrost operation control means 51, the on-
off valve SV and the pressure reducing wvalve S aré'clcsed
for a predetermined. time and thereafter the on-off valve SV

is opened for a predetermined time while the pressure
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case, while decision at step SQLO is that the frequency Hz is not in

¢oi nci dence with the frequency for the step value N, control proceeds to
step SQL2 for decision as to whether decrease of a current is required or
not . Only when no current decrease is required, the |lowering of the
frequency Hz is continued, and if there is any requirenent for the
decrease of the current, control prqc%eQS to step SQL3. If the decision at
step SQ7 is N[err] 5 or if the decisSion at

reducing valve 5 is opened a predetermined low degree of
valve travel.

With the above described arrangement, where there
is provided a before-defrost oﬁ-off control means 52, the
before-defrost on-off control means 52, upon receipt of a
defrost command during operation of the refrigerating
device, causes the on-off wvalve SV for the bypass path 4a
to be opened at least for a predetermined time before the
commencement of a reverse cycle defrost operation.via the
defrost operation .control means 51. As a result, the
pressure in the receiver 4 is decreased so that the liquid
refrigerant.in the condenser 6 is moved to the receiver 4.
Thus, when there is almost no liquid refrigerant left in
retention in the condenser 6, the cycle of operation is
switched over to a reverse cycle such that the condenser 6
is functionally changed into an evaporator, whereby licuid
back-flow to the compressor 1 can be prevented.

Aftér'commencement of the reverse cycle defrost
operation, as the melting of the frost built up on the
evaporator 3 progresses, there is a temperature rise at the
evaporator (which acts as a condenser during the reverse
cycle operation) 3, while on the other hand the temperature
of the condensef (which acts as an evaporator during the
reverse cycle) 6 is lowered. As a result, the pressure on

the low pressure side is lowered and the refrigerant being
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- 19 - step SB is F10 = 1, control proceeds immediately to step: SQL3.
Through the above descri bed process of control, the frequency step value N

is reduced to "5". At step SQL3, the count TD2 at the TD2 ti ner,
which is a tiner for valve travel and frequency control, is reset (TD2 =
0), and then control proceeds to step SQL4 at which the electric
expansion valve 5 is driven to-be -closed. In the above

descri bed fl ow of process, control

sucked tends to become somewhat excessively wet. Where
there is provided a during—defrost on-off control means 53,
however, this control means 53 will cause the on-ofif valve
8V of the bypass path 4a to be opened so that gas
refrigerant is introduced into the condenser 6 which is
presently acting as an evaporator, whereby any excéssive
pressure reduction on the low pressure side can be
prevented. The wetness of the refrigerant is also
eliminated. Thus, liquid back-flow to the compressor 1 is
prevented. Further, any abnormal shutdown due to low-
pressure cut-out can be prevented.

- At the end of the defrost operation, a change-
over in operation cycle takes place so that the evaporator . .
3 whiéh has been acting as a condenser can resume its
inherent function as evaporator. 1In this case, where
there is prowvided an after-defrost wvalve control means 54
as above described, the p;essure-reducing valve 5 and on-
off valve SV are closed for a predetermined time, so that
refrigerant supply to the evaporator 3 is §hut off. Thu;,
liquid back-flow from the evaporator 3 to the compressor 1
is prevented.

Upon lapse of a predetermined time after a cycle

change-over to forward cycle, the after-defrost wvalve
contrxol means 54 controls the electric expansion valve S5 to

a small degree of valve travel and causes the on-oif valve
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at Step SQ@ represents the during-defrost on-off control
In the foregoing control, a point of tine at which a

i,nvention.

neans 53 of the

predet ermi ned degree of progress has been nade in the process of frost
melting at the external heat exchanger 3 is judged froma rise in an
evaporation tenperature Te. However, such a point of tine may be judged
froma decrease in discharged-gas teffperature or a decrease in the | ow:
pressure side tenperature, or may be judged froma decrease in the
tenperature of the internal heat exchanger 6 or from the |apse of a
predetermned tine after the start of the defrost operation.

SV . to be opened so that refrigerant flows from the
condenser 6 into the receiver 4 to restrain a rise in the
pressure on the high pressure side, whereby a high pressure
cut-out is prevented. Thus, the pressure on the high
pressure side is maintained at a proper level and liquid
back-flow to the compressor 1 is positively prevented.

Preferably, the before-defrost on-off control
means 52, the during-defrost on-off control means 53, and
the after-defrost valve control means 54 are .all proQided
in position. Through such arrangement is it possible to
positively prevent a liquid back-flow that may possibly
occur during a reverse-cycle defrost operation.

Where the on-off valve SV is controlled by the
before-defrost on-off control means 52 so that it will be
opened before and after aforesaid cycle change-over to
reverse cycle, gas xrefrigerant is introduced into the
condenser 6 which is now acting as an evaporator, through
the on-off valve SV which is opened after the change-over
to reverse cycle. This provides for “more positi;e
prevention of any liquid back-flow:that may otherwise occur
after the change-over to reverse cycle.

According to the present invention, the
reffigerating device may be arranged- to be of an
accumulator-less construction. In other woxrds, the

evaporator 3 and the condenser 6 are both connected to the
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Next, the process of a defrost operation-end detection control wll

be explained with reference to the flow chart of Fig. 5. Initially, at
step SS1, decision is nade whether the during-defrost flag FD1, wth a
guard - 20 - timer for 10 m nutes
maxi num i.s "1" or not. Then, only

- 8 -

compressor 1 without requiring the pfesence of an
accumulator. Such accumulator-less construction for the
refrigerating device provides for cost reduction and
eliminates the problem of capability decrease due to
pressure drop as well as the problem of two-phase
separation with respect to oil and liquid refrigerant.
BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig. 2 is a system diagram showing a pipeline
arrangement for an air conditioning system representing one‘
embodiment of the invention;

Fig.'3 is a flow chart showing details of defrost
operation control;

Fig. 4 is a flow chart showing details of deicer
temperature control during defrost operation;

Fig. 5 is a flow chart showing detaiis of defrost
end detection control; i

Fig. 6 is a flow chart showing details of defrost
tefmination control; and

Fig. 7 is a time chart showing operation modes
and on-off changes of the on-off valve.

BEST MODE EMBODIMENT OF THE INVENTION

An embodiment of the present invention will now

be described with reference to the accompanying drawings.
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while FD1 = 1 that is indicative of the defrost operation in

progress,

control procedure of step SS2 and the subsequent steps is executed.
First, at step SS2, decision is made whether or not the count TD3 at the

TD3 tinmer for actuating the defrost end circuit is 1 mnute

or nore.

TD3 > 1 (mnute), then at step SS3, decision is nade whether or not

di scharge pipe tenperature T2 is in exgess of 120 [err]C, at

step SH4,

deci sion is nade whether or not a deicer abnormal flag FTe (usually
but "1" when the deicer Thc is abnormal) is "1", at step SS5, decision
I's made whether or not the deicer tenperature Te is 10 [err]C or nore,

- at step

| f
a

n Oll ,

and

Fig. 2 illustrates a refrigerant piping system in

an air conditioning system representing one embodiment of

the invention. There are arranged a scroll type compressor

1 whose operating frequency is variably adjustable by an

inverter (not shown), a four-way changeover valve 2 which

is switchable as shown by solid 1lines for a cooling

operation and as shown by broken lines for a heating

operation, an exterior heat exchanger 3 which functions as

a condenser during cooling operation and as an evaporator

during heating operation, a receiver 4 for storing a liquid

refrigerant, an electric expansion valve 5 which acts as a

pressure reducing valve for reducing the pressure

refrigerant, and an internal heat exchanger

of

6 which

functions as an evaporator during the cooling operation and

as a condenser during the heating operation. These units

are sequentially interconnected by a refrigerant pipe line

8 thereby to form a refrigerant circuit 9 for causing a

heat flow thrbugh refrigerant circulation.

In a liquid line of the refrigerant circuit 9

there is provided a rectifier mechanism 20 including a

point P upstream of the receiver 4, a point Q downstream of

the electric expansion valve 5, a point R communicating

with the internal heat exchanger 6, and a

communicating with the external heat exchanger 3,

point

S

which

points are interconnected in a bridge fashion thxrough check
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SS6 decision is nmade whether or not the count TD3 at the TD3 tiner for
defrost end circuit actuation is 10 (mnutes) or nore. |If T2 [err] 120
([err]C, FTe =0, Te < 10 ([err]C, and TD3 [err] 10 (m nutes), then
control proceeds to step SS8. If the decision at step SS3 is T2 > 120
([err]C, or if the decision at step SS5 is Te [err] 10 ([err]C), then
control proceeds directly to step SS8& _ Were the decision at step S$4 is
that the deicer abnormal flag FTe =71, control proceeds to step SS7 at

whi ch decision is nmade whether TD3 [err] 4 (minutes) or not. |f TD3 [err]
4 (mnutes), control proceeds to step SS8. |If the decision at step SS2 is
not TD3 > 1 (mnute), if the decision at SS6 is not TD3 [err] 10

(mnutes), v®lvesf hethe 1ike. In the rectifier mechanism 20, the
| points P and S are interconnected by a first inflow pipe
8bl through a first_ check wvalve D1 which only allows
passage of refrigerant from the external heat exchanger 3
side toward the receiver 4, and the points P and R are
interconnected by a second inflow pipe 8b2 through a second
check valve D2 which only allows passage of the refrigérant
from the internal heat exchanger 6 side toward the receiver
4, while the points Q and R are interconnected by a first
exit flow pipe 8cl through a third check wvalve D3 which
only allows passage of the refrigerant from the electric
expansion valve 5 side toward the internal heat exchanger
6, and the points Q and S are intérconnected by a second
exit flow pipe 8c2 through a fourth check wvalve D4 which
only allows passage of the refrigerant from the electric
expansion valve 5 side toward the external heat exchanger
3. That is, whether in a cooling cycle or in a heating
cycle, rectification is made so that the refrigerant flows
in the sequence of the condenser 3 or 6 - the receiver 4 -
the electric expansion valve 5 -» the evaporator 6 or 3.
There is also provided, via an on-off valve SV, a
gas bypass path 4a for bypassing gas refrigerant from the
top of the .receive_r 4 to a liquid pipe extending between
the electric expansion valve 5 and the point Q. The on-off

valve SV is a normally closed on-off wvalve such that when
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- 21 - decision at step SS7 is not TD3 [err] 4 (mnutes), control for
decreasing the current is carried out in each case (details of which
control are omtted). Next, at step SS8, decision is nade whether
or not the count TD3 of the TD3 timer for defrost end circuit

- 11 -

there is need for liquid refrigerant being stored in the
receiver 4, the on-off wvalve SV is opened to reduce the
pressure of the refrigerant in the receiver 4 thereby to
enable the refrigerant storing capacity of the receiver 4
to be maintained.

In the present embodiment, there is no
accumuiator disposed at an intake pipe of the compressor 1,
it being arranged that the internal heat exchanger 6 is
directly connected with the compressor 1 during the coolirié
opération, while the external heat exchanger 3 is directly
connected with the compressor. 1 during the -heating
operation. ' Briefly, this means an accumulatorless
arrangement in which an evaporator is directly connected
with the compressor 1.

In the embodiment, the rectifier. mechanism 20 is
provided for ‘rectifying the flow of refrigerant. It is
tinderstood, however, that the invention is not particularly
limited to such embodiment. For example, electric
expansion wvalves S may be disposed- both ~internally and
externally, with the liquid-refrigerant storing receiver 4
being interposed between the two electric expansion valves
S, provided, however, that in such case gas bypass paths 4a

be provided which extend from the top of the receiver 4 to

the respective electric expansion valves 5 and further to
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actuation is TD3 > 2.5 (mnutes). If TD3 > 2.5 (mnutes), at step SS9, a
defrost variable XDl for calculating a defrost end tinme is conputed on the
basis of XD1 = (TD3 - 2.5)/TD4 (where, TD4 is an integrated heating

operation tine). |If not TD3 > 2.5 (mnutes), at step SS10, setting 1is
made to XD1 = 0. In either case, control then proceeds to step SSil.

At step SS11, valve travel P of the electric expansion valve 5is set to P
= 100 - [err]P, and-at step SS12 thel@l &ctric expansion valve 5 is cl osed.

. Then, at step SS13, presettings for the defrost end operation are nade
- which include resetting of TD4 timer, a tiner for

the respective heat exchangers 3, 6, with on-off valves SV
interposed in the respective bypass paths.

Further, the air conditioning system is provided
with various sensors. Th2 denotes a discharge pipe sensor
disposed at a discharge pipe for sensing discharge pipe
temperature T2, Tha denotes an external air intake sensor
disposed at an air intake port of the external heat
éxchanger 3 for sensing outdoor air temperature, Thc
denotes an external heat exchange sensor, i.e., a deicer,
which is disposed at the external heat exchanger 3 for
sensing condensation  temperature Tc during cooling
operation and for sensing evaporation temperature Te during
heating operation, Thr denotes an intermal air intake
sensor disposed at an air intake.port of the internal heat
exchanger 6 for sensing room temperature, The denotes.an
internal heat' exchange sensor disposed at the internal heat
éxchanger 6 for sensing evaporation temperature Te during
cooling operation and for sensing condensation temperature
Tc during heating operation, .HPS designates a high
pressure-side pressure switch which is turned on to actuate
a protective device upon an excessive rise in the high
pressure-side pressure, and LPS designates a low pressure-
side pressure switch which is turned on to actuate the
protective device upon an excessive decrease in the low

pressure-side pressure. Connections are provided so that
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measurenent of the integrated heating operation time, to make the tiner
start counting, and halting (holding) of run of the TD3 tinmer for defrost
end circuit actuation. At step SS14, flags FDl1, FD4, and FD5 are set to
FDL = 0, FD4 = 0, and FD5 = O respectively. Further, the after-defrost
flag FD3, which is "1" when the defrost operation ends, is set to "1" and,
as wll be further described hereinaftgr,. an after-end 3-mnutes flag FD2,
which is "0" upon l-apse of

signals from the various sensors can be input to a
controller (not shown) which conﬁrols the operation of the
air conditioning system, whereby the operation of the air
conditiéni;g system may be controlled by the controller
according to the signals from the respective Sensors.

In the refrigerant circuit 9, during the cooling
operation, a liquid refrigerant resulting from condensation
at the external heat exchanger 3 follows a circulation path
such that it flows through the first inflow pipe 8bl into
the receiver 4 for being stored therein and, after being
subjected to pressure reduction at the electric expansion
valve 5, thé liquid refrigerant £flows through the first
exit flow pipe 8cl into the internal heat exchanger 6 in
which the liquid refrigerant is evaporated, the evaporated
refrigerant being then returned to the compressor 1 (see
solid line axxows in the figure). During the heating
operation, a liquid refrigerant resulting from condensation
at the internél heat exchanger 6 follows a circulation pg;h
such that it flows through the second inflow pipe B8b2 and
via the second check valve D2 into the receiver 4 for being
stored therein and, after being subjected to pressure
reduction at the electric expansion valve 5, the liquid
refrigerant flows through the second exit flow pipe 8c2
into the external heat exchanger 3 in which the fluid

refrigerant is evaporated, the evaporated refrigerant being
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- 22 - 3 mnutes after the end of the defrost operation, is set to

"1". Additionally, an end tiner TD6 for defrost ending operation is
reset for commencenent of its counting. Finally, at step SS15, a defrost
end signal is output. I n other words, conpletion of defrosting

Is, in principle, detected when the deicer tenperature Te is 10 [err]C or
nore or when the discharge pipe tenperature T2 exceeds 120 [err]C, but in
the event of the deicer The being abAérmal, the defrost tine is set to 4

m nutes (or T2 > 120 ([err]Q)).

then returned to the compressor 1 (see broken line arrows
in the figure).

The manner of a defrost operation during the
heating operation will now be described with reference to
the flow charts in Figs. 3 to 6 and the time .chart in Fig.
7.

Initially, particulars of control procedure at
the start of the defrost operation are explained with
reference to Fig. 3. First, at step ST1l, decision is made
whether a defrost flag FDl1l, which is "0" in normal
operation and "1" in défrost operation, is "1" or not.
When frosting occurs at the external heat exchanger 3 and
the defrost flag FD1 is shown as "1", control proceeds to
step ST2 at which decision is made whether an initial
defrost flag FD4, which is "1" only during an initial
defrost operation, is "1" or not. If FD4 is not "i",
control proceeds to step ST3, where LPS masking is made
which prohibits the actuation of the 1low ‘pressure-side
pressure switch LPS. At step ST4, a freguency computing
variable dNx is calculated on the basis of dWx = S - N
(where N denotes frequency step value) and, at step ST5, an
operating frequency Hz of the compressor 1 is controlled on
the basis of the frequency computing variable dNx. At step
ST6, a TD3 timer for actuating a defrost end circuit is set

to start.
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Furthernore, a guard is provided such that the defrost operation tine is
10 m nutes nmaxi num Next, the process of defrost ending control
will be explained with reference to the flow chart of Fig. 6. First, at
step SR1, decision is made whether or not the after-end flag FD3 is "0",
and only where setting is FD3 = 1, the follow ng procedure of control is
carried out. At step SR2, ide_four-way changeover valve 2 is
swi t.ched to an "on" position, that is, swtched over to the heating cycle
(time t4 in Fig. 7), then at step SR3, the four-way changeover valve
switching flag F11 is initialized at "0", and at step SR4, external fan
control is effected.
Next, at step ST7, the on-off valve SV at the
bypass path 4a for the receiver 4 is opened and, at step
ST8, the electric expansion valve 5 is fully closed (at
time t0 in Fig. 7). The pressure in the receiver 4 is thus
reduced and a pump-down operation- is carried out for
collecting the liquid refrigerant present in the internal
heat exchanger 6 into the receivgr 4. Then, at step ST9,
decision is made whether or not a count TD3 at the TD3
timer for actuating the defrost end circuit has reached 10
seconds or more, and at step ST10, decision is made whether
there is a decrease of a current or not. When TD3 = 10
(sec) or a decrease of a current does exist, control
proceeds to step ST11 at which the four-way changeover
valve 2 is turned off so that operation is changed to a
reverse cycle, i.e., a cooling-side operation. Then, thers
begins a reverse cycle defrost operation.
Next, at step ST12, a four-way changeover valve
switching flég F11 (which is "1" on the cooling side, "2"
on the heating side) is initialized at "Q" and, at steps
ST13 and STl14, an external fan and an internal fan (both
not shown) are caused to stop running respectively. If, at
step ST15, the count TD3 of the TD3 timer for aptuating the
defrost end circuit is 20 seconds or more, or if, at step

ST16, there is a current decrease, control proceeds to step

ST17 at which the four-way changeover valve switching flag
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Then, at step SR5, decision is nmade whether or not the count TD6 at the -
end tinmer TD6, which has started counting upon the four-way changeover
val ve 2 being switched over to the "on" position (heating side), is 10
seconds or nore. - 23 - VWhen TD6 [err]
10 (seconds), then at step SR6 the four-way

- 16 -

F1l1 is set to "1" or the cooling side. Then, at step ST18,
a valve travel P for the electric expansion valve 5 is set
to 200 pulses. At step ST19, the electric expansion valve
5 is opened and the on-off valve SV for gas bypass path 4a
is closed (at time t2 in Fig. 7). At step 20, the initial
defrost flag FD4 is set to."l". _In this way, at an initial
stage of the defrost operation, the on-off valve SV is
closed and the electric expansion valve S5 is opened to a
large degree of valve travel, because it is intended that a
larger amount of liquid refrigerant is fed into the
internal heat exchanger 6 at an early stage of the defrost
operation during which the internal heat exchanger 6 is
still warm. As the internal heat exchanger 6 becomes
chilled, the on-off valve SV for the gas bypass path 4a is
opened at time E3 in Fig. 7 in order that gas piesent in
the receiver 4 is supplied into the intermal heat exchanger
6, as will be described hereinafter.

Upon completion of- control steps ST3 through
ST20, or when decision at step ST2 is that the initial
defrost flag FD4 is "1", control proceeds immediately to
step ST21 at which a frequency step value N <for the
compressor 1 is minimized. Then, at step ST22, the
frequency step value N is maximized, and thereafter control

proceeds to step ST23 for a deicer temperature control.
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changeover valve switching flag 11 is set to "2" on the heating side, and
at step SR7 the frequency step value Nis reduced to 2; a m ninmum val ue.
Next, at step SR8, decision is nade whether or not TD6 > 10 (m nutes),
that is, whether or not 10 minutes have passed after the four-way
changeover valve 2 was switched over to the heating side. If not TD6
> 10 (mnutes), at step SR9, a maxiywm frequency Nmax for the conpressor
1is set to Nmax =_INT (0.6Nt) (where, Nt is a rated frequency which is
determ ned according to machine type) until 10 m nutes has | apsed after
the end of the defrost operation. If TD6 > 10 (minutes), then at step 10,

In the above described flow, control through step
ST11 and the subsequent steps represents the deirost
operation control means 51 of the invention, and control at
step ST7 represents the before-defrost on-off control means
52.

Referring next to Fig. 4, the process of the
deicer temperature control -is shown in details. First, at
step SQ1, decision is made whether or mnot a deicer
temperature Te 1is 5°C or more and whether oxr not the
frequency step value N.is "t or more, and until Te = 5 and
N = 5 are reached, the reverse cycle defrost operation is
continued while the on-off valve for the gas bypass path 4a
is held in a closed position. When Te = 5 and N =2 5,
decision_ is made that frost melting has progressed a
predetermined degree, and control proceeds to stép SQ2, at
which the on-off valve SV for the gas bypass path 4a is
opéned (at time t3 in Fig. 7) to allow the gas refrigerant
in the receiver 4 to be drawn toward the low pressure side
so that any pressure decrease on the loﬁ pressure side and
any liquid back-flow to the compreésor 1 are prevented. At
step SQB, a deicer flag FDS, which is "0" when the deicer
temperature Te < 5 °C and is "1" when Te 2 5 °C, is changed
over to "l1". At step SQ4, decision is made whether a count
TD2 at a TD2 timer (valve-travel and frequency control

timexr) is "O0" or not. If the decision is not TD2 = 0, the
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Nmax is set to Nmax = MAX - N (where, MAX-N is a maxi num frequency val ue
preset according to machi ne type). Then, in either case, control
proceeds to step SR11. Limtation on maxi mumfrequency Nmax is rel axed by
maxi mum 1N for each 60 seconds through normal control, but under the
foregoing control, the maxinmum frequency Nrax is subject to a
limtation of 0.6 Nt before the Iagsgao[ 10 mnutes. Therefore, after the
limt of 0.6 Nt is-reached, any furfher frequency increase is inpossible.
However, after the |apse of 10 mi nutes, an increase of maxi mum 1N for
each 60 seconds in the upper Iimt of the frequency is again rendered
possi bl e, and thereafter there may be a

timer is kept as it is, and if the decision is TD2 = 0, TD2

timer is set to start at step SQ5, then, in either case,
control proceeds - to step SQ6. At step SQ6, decision is
made whether count TD2 at TD2 timer has exceeded 20(sec) or
not, and when TD2 > 20(sec), control through gtep SQ7 and
the subsequent steps is carried out.

First, at step SQ7, decision is made whether the
frequency step value N is N s 5. If not N < 5, then
decision is made at step SQ8 whether or not a frequency
flag F10 (a flag for frequency increase due to current and
deicer temperature) is "1" which value is an indication of
frequency incz"ease. If not F10 = 1, control proceeds to
step'SQS at which a down signal for lowering the inverter
frequency Hz is produced. When, at step SQ10, the
frequency Hz coincides with the frequency value for step
v;alue N, control proceeds to step SQll to give N = N - 1,
and then, control proceeds to step SQi3. In the above
case, while decision at stép SQ10 is that the frequency Hz
is not in coincidence with the frequency for the step value
N, control proceeds to step SQl12 for dec.ision as to whether
decrease of a current is required or not. Only when no
current decrease is required, the lowering of the frequency
Hz is continued, and if tHere is any requirement for the
decrease of the current, control proceeds to step SQi3. If

the decision at step SQ7 is N s 5, or if the decision at
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- 24 - continued increase in the maxi mum frequency Nmax until the

nmaxi mum frequency Nmax reaches MAX- N. Where the decision at step
SR5 is TD6 < 10 (seconds), control proceeds to step SR11, skipping the
control at SR6 through SR10.

- 19 -

step SQ8 is F10 = 1, control proceeds immediately to step
SQ13. Through the above described process of control, the
frequency step value N is reduced to "5".

At step SQ13, the count TD2 at the TD2 timer,
which is a timer for valve travel and frequency control, is
reset (TD2 = 0), and then control proceeds to step SQ14 at
which the electric expansion valve 5 1is driven to be
closed.

In the above described flow of process, control
at step SQ2 represents the during-defrost on-off control
means 53 of the invention.

In the foregoing control, a point of time at
which a predetermined degree of progress has been made in
the process of frost melting at the external heat exchanger
3 is judged from a rise in an evaporétion temperature Te.
However, such -a point of time may be judged f£rom a decrease
in discharged-gas teﬁperature or a decrease in the low-
pressure side.temperature, or may be judged from a decrsase
in the temperature of the internal heat exchanger 6 or from
the lapse of a predetermined time after the start of the
defrost operation. né”_ |

Next, " the process of a defro;t. operation-end
detection control will be explained with reference to the
flow chart of Fig. 5. Initially, at step SS1, aecision is

made whether the during-defrost flag FD1, with a
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At SR11, decision is nmade whether or not the time TD6 after the defrost
end is TD6 > 30 (mnutes). Until TD6 > 30 (minutes) is reached, decision
is made whether TD6 [err] 3 (mnutes) at step SR12, and until TD6 [err] 3
is reached, <control procedure of step SR13 and the subsequent steps is

carried out. At steps SR13 and SRl 4, decisions are made whet her
TD6 > 20 (seconds) or not, and mhe[hg%hor TD6 < 40 (seconds) or not,
respectively. If TD6 [err] 20 (se ds), then at step SR16, the on-off

valve SV for the gas bypass path 4a is closed (time t4-t5 in Fig. 7) until
the specified tine of 20 seconds has | apsed after the operation

timer for 10 minutes maximum, is "1" or not. Then, only
while FD1 = 1 that is indicative of the defrost operation
in progress, control procedure of step SS2 and the

subsequent steps is executed.

First, at step SS2, decision is made whether or
not the count TD3 at the TD3 timer for actuating the
defrost end circuit is 1 minute or more. If TD3 > 1
(minute), then at step SS3, decision is made whether or not
a discharge pipe temperature T2 is in excess of 120 °C, at
step SS4, decision is made whether or not a deicer abnormal
flag FTe (usually "0", but "1 when. the deicer Thc is
abnormal) is "1",-at step SS5, decision is made whether or
not the deicer temperature Te is 10 °C or more, and at step
SS6 decision is made whether or not the count TD3 at the
TD3 timer for defrost end circuit actuation is 10 (minutés)
or more. If T2 s 120 (°C), FTe = 0, Te < 10 (°C), and TD3
2.10 (minuteé), then control proceeds to step SS8. If the
decision at step SS3 is T2 > 120 (°C), or if the decision
at step SS5 is Te = 10 (°C),.then conﬁrol Qroceeds directly
to step SS8. Where the decision at step SS4 is that the
deicer abnormal flag FTe = 1, control proceeds to step SS7
at which decision is made whether TD3 = 4 (minutes) oxr not.
If TD3 = 4 (minutes), control proceeds to step SS8. If the
decision at step SS2 is not TD3 > 1 (minute), if the

decision at SS6 is not TD3 = 10 (minutes), or if the
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returns to the heating cycle. By this it is intended that the |liquid
refrigerant stored in the external heat exchanger be prevented
from being sucked into the conpressor 1. For a subsequent period of
20 (seconds) < TD6 < 40 (seconds), at step SR15, the on-off valve SVis
opened (tine t5-t6). Wen TD6 [err] 40 (seconds) is reached, the on-off
valve SV is closed (at and after the tine t6 in Fig. 7) at step SRI16.
Through this process, as will be - 21 -

decision at step SS7 is not TD3 =2 4 (minutes), control for
decreasing the current is car;ied out in each case (details
of which control are omitted).

Next, at step SS8, decision is made whether or
not the count TD3 of the TD3 timer for defrost end circuit
actuation is TD3 > 2.5 (minutes). If TD3 > 2.5 (minutes),
at step SS9, a defrost wvariable XD1 for calculating ' a
defrost end time is computed on the basis of XD1 = (TD3 -
2.5) /TD4 (where,. TD4 is an integrated heating operation
time). If not TD3 > 2.5 (minutes), at étep S§S10, setting
is made to XD1 = 0. In either case, contrxrol théen proceeds
to step Ss11.

At step S8S11, wvalve travel P of the electric
expansion valve 5 is set to P ='100 ~ P, and at step SSlz
the electric expansion valve 5 is closed. Then, at step
SS13, presettings for the defrost end operation are made
which include resetting of TD4 timer, a timer for
measurement 6f the integrated heating operation time, to
make the timer start counting, and halting .(holding) of run
of the TD3 timer for defrost end circuit actuation. At
step SS14, flags FD1l, FD4, and FD5 are set to FD1 = 0, FD4
= 0, and FD5 = 0 respectively. Further, the after-defrost
flag FD3, which is "1" when the defrost operation ends, is
set to "1" and, as will be further described hereinafter,

an after-end 3-minutes flag FD2, which is "0" upon lapse of
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- 25 - described in detail hereinafter, liquid flow back in the
conpressor 1 is prevented while pressure on the high pressure side is
properly kept. When the on-off valve SV is opened at the tine
point of t5 in Fig. 7, control procedure of steps SR17 through SR20 is
carried out for holding the valve travel of the electric expansion valve 5
at 50 pul ses. Then, control proceeds to step SR21. It is noted that at
steps SR19 and SR20 the electric expihsion valve 5 is designated by

3 minutes after the end of the defrost operation, is set to
L. Additionally, an end timer TD6 for defrost ending
operation is reset for commencement of its counting.
Finally, at step SS15, a defrost end signal is output.

In other words, completion of defrosting is, ih
?finciple, detected when the deicer temperature Te is 10 °C
or more or when the discharge pipe temperature T2 exceeds
120 °C, but in the event of the deicer The being abnormal,
the defrost_time is set to 4 minutes ({or T2 > 120 (°C)).
Furthermore, a guard is provided such that the defrost
operation time is 10 minutes maximum.

Next, the process of defrost ending control will
be explained with reference to the flow chart of Fig. 6.
First,_at step SR1, decision is made whether or not the
after-end flag FD3 is "0", and only where setting is FD3 =
1, the following procedure of control is carried out.

At step SR2, the four-way changeover valve 2 is
switched to an "on" position, that is, switched over to the
heating cycle (time t4 in Fig. 7), then at’ step SR3, the
four-way changeover wvalve switchiﬂg flag F1l1 is initialized
at "0", and at step SR4, external fan contrxol is effected.
Then, at step 'SR5, decision ié made whether or not the
count TD6 at the end timer TD6, which has started counting
upon the four-way changeover valve 2 being switched over to

the "on" position (heating side), is 10 seconds or more.
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characters "EV". In the present exanple, the opening and cl osing
of the on-off valve SV, at tines t5 and t6 in Fig. 7, is effected by way
of the | apse of a predeterm ned tine, but such opening and cl osing may be
effected on the basis of the tenperature at the internal heat exchanger 6
or the pressure on the high pressure side. Next, at step SR21,
a frequency drive offset variable X7 is set to "3" and, at step SR22,
decision is nmade whether or not a vaffable XD4 related to the outdoor
tenperature prior to the beginning of the defrost operation is 10 [err]C
or nore. I[f XD4 [err] 10 ([err]C), then at step SR23,

When TD6 = 10 (seconds), then at step SR6 the four-way
changeover valve switching flag 11 is set to "2" on the
heating side, and at step SR7 the frequency step value N is
reduced to 2, a minimum value.

Next, at step SR8, decision is made whether or
not TD6 > 10 (minutes), that is, whether or not 10 wminutes

have passed after the four-way changeover valve 2 was

switched over to the heating side. If not TD6 > 10
(minutes), at step SR9, a maximum frequency Nmax for the
compressor 1 is set to Nmax = INT (0.6Nt) (where, Nt is a

rated frequency which is determined according  to machine
type) until 10 minutes has lapsed after the end of the
defrost operation. If TD6 > 10 (minutes), then at step 10,
Nmax is set to Nmax = MAX - N (where, MAX-N is a maximum
frequenéy value preset according to machine type). Then,
in eithexr case, control proceeds to step SR11l. Limitation
on maximum frequency Nmax is relaxed by maximum 1N for each
60 seconds through normal control, but under the foregoing.
control, the maximum £frequency Nmax is  subject to a
limitation of 0.6 Nt before the lapse of 10 minutes.
Therefore, after the .limi't of 0.6 Nt is reached, any
further frequency increase is impossible. However, aftexr
the lapse of 10 minutes, an increase of maximum 1N for
each 60 seconds in the upper .limit of the frequency is

again rendered possible, and thereafter there may be a
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control is effected to give P = f1(N). If not XD4 [err] 10 ([err]Q)),
then at step SR24, control is effected to give P = f2(N). Then, in either
case, control proceeds to step SR25 at which valve travel control is nmade
Wi th respect to the - 26-

- 24 -

continued increase in the maximum frequency Nmax until the
maximum frequency Nmax reaches MAX-N.

Where the decision at step SRS 1is TD6 < 10
(seconds), control proceeds to step SR11l, skipping the
control at SR6 through SR10.

At SR1l, decision is made whether or not the time
TD6 after the defrost end is TD6é > 30 (minutes). Until TD6
> 30 (minutes) is reached, decision is made whether TD6 = 3
(minutes) at step SR12, and until TD6 = 3 1is reached,
control procedure of step SR13 and the subsequent steps is
carried out.

At steps SR13 ana SR14, decisions. are made
whether TD6 > 20 (seconds) or not, and whether or TD6 < 40
(seconds) or not, respectively. If TD6 s 20 (seconds),
then at step SR16, the on-off wvalve SV for the gas bypass
path 4a is “closed (time t4-t5 in Fig. 7) until the
specified time of 20 seconds has lapsed after the operatiop
returns to the heating cycle. By this it is intended that
the liquid refrigerant stored in the "external heat

exchanger be prevented - from being sucked into the

compressor 1. For a subsequent period of 20 (seconds) <
TD6 < 40 (seconds), at step SR15, the on-off wvalve SV is
opened (time t5-t6). When TD6 = 40 (seconds) is reached,

the on-off wvalve SV is closed (at and after the time té6 in

Fig. 7) at step SR16. Through this process, as will be
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el ectric expansion valve 5. 1In the above, f1(N) = 0.5N [err] 0.5, and
f2(N) = 0.3N[err] 0.1. Through this control, valve travel [err]P
increases in proportion as the frequency Hz increases. Meanwhile,
the valve travel of the electric expansion valve 5 is also controlled by
normal control (expressed by the relation P = f(Hz, dN\Nx, [err]P)) as well.
In effect, therefore, the valve travels effected by the two ways of
control are added up. | n tHe foregoi ng process, when the decision
at step SR12 is TD6 [err] 3 (mnutes), control proceeds to step SR26. |If
the frequency drive offset variable X7 is "3", then at step SR27, the
variable X7 is reset to "0". If the

-described in detail hereinafter, liéuid flow-back in the
compressor 1 1is prevented while pressure on the high
pressure side is properly kept.

When the on-off wvalve SV is opened at the time
point of t5 in Fig. 7, control procedure of steps SR17
through SR20 is carried out for holding the valve travel of
the electric expansion valve 5 at 50 pulses. Then, control
proceeds to step SR21. It is noted that at steps SR19 and
SR20 the -electric expansion wvalve 5 1is -designated by
characters "EV",

In the present example, the opening and closing
of the on-off wvalve SV, at times tS5 and té in Fig. 7, is
effected by way of the lapse of a predetermined time, but
such opening and closing may be effected on the basis of
the temperature at the internal heat exchanger 6 or the
pressure on tlie high pressure side.

| | .Next, at step SR21, a frequency drive oifset

- variable X7 is set to "3" and, at step SR22, decision is
made whether or not a variable XD4 related to the outdoor
temperature prior to the beginning of the defrost operation
is 10 °C or more. If XD4 = 10 (°C), then at step SR23,
control is effected to give P = f1(N). If not XD4 = 10
(°C), then at step SR24, control is effected to give P =
f2(N). Then, in either case, control proceeds to step SR25

at which wvalve travel control is made with respect to the
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freQuency variable X7 is not "3", it is held as it is. Then, in either
case, control proceeds to step SR28 at which the after-end 3-mnutes
flag FD2 is set to "0". Meanwhile, wth the start of the heating
operation, the internal fan has been already brought into an operating
condi tion. Wth further | apse of tine, when, at step SR11,
decision with respect to count TD6 at the TD6 tiner for neasurenent of
time | apse after the end of the defrast- operation is TD6 > 30 (m nutes),
control proceeds to step 29 at which the count of the TD6 timer is reset
to O (TD6 = 0). At step SR30, the LPS nmask, which inhibits actuation
electric expansion valve 5. In the above, £1(N) = 0.5N =+
0.5, and f2(N) = 0.3N + 0.1. Through this control, valve
travel TP increases in proportion as the frequency Hz
increases. Meanwhile, the wvalve travel of the electric
expansion valve S5 is also controlled by normal control
(expressed by the relation P = f£(Hz, dNx, IP)) as well. 1In
effect, therefore, the valve travels effected by the two
ways of control are added up.
In the foregoing process, when the decision at
step SR12 is TD6 = 3 (minutes), control proceeds to step
SR26. If the frequency drive offset variable X7 is "3®,
then at étep SR27, the variable X7 is reset to "0". If the
frequency variable X7 is not "3", it is held as it is.
Then, in either case, control proceeds to step SR28 at
which the after-end 3-minutes flag FD2 is set to "0".
Msanwhile, with the start of the heating operation, the
internal fan has been already brought into an operating

condition.

With further lapse of time, when; at step SR11,
decision with respect to count TD6 at the TD6 timer £for
measurement of time lapse after the end of thg defrost

overation is TD6 > 30 (minutes), control proceeds to step

29 at which the count of the TDs timer is rsset to 0 (TDS§
0). At step SR30, the LPS mask, which inhibits actuation

of the low pressure-side pressure switch LPS, is freed or
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of the | ow pressure-side pressure swtch LPS, is freed or

-+ 27 - cancel l ed, and at step SR31, the after-defrost flag FD3 is
switched over to FD3 = 0. Ther eupon, the process of control is
conpl et ed. In the above described flow, the control

- 27 -

cancelled, and at step SR31, the after-defrost flag FD3 is
switched over to FD3 = 0. Thereupon, the process of

control is completed.

In the above described flow, the control

| procedures of step 8SQ14 and steps 'SR13 through SR20

represent the after—defrost on-off control means 54 of the
present invention.

In Ehis way, accérding to the present embodiment,
when a defrost command is issued during the heating
operation, the on-off wvalve SV for the gas bypass path 4a
is opened by ﬁhe before~-defrost on-off control means 52
before the commencement of the reverse cycle defrost
operation (at t0 in Fig. 7) by the defrost operation
control means 51, so fhat the pressure in the receiver 4 is
lowered, which results in inflow into the receiver 4 of
liquid refrigerant present in the internal heat exchanger 6
which has been acting as a condenser. Therefore, a
changeover ﬁo the reverse cyclg defrost ' operation dis
possible in such a condition that 1little' or no liquid
refrigerant is retained in the iﬁternal heat exchanger 6.
This enables liquid back-flow into the compressor 1 to be
effectively prevented.

When the before-defrost on-off control means 52
controls the on-off wvalve SV to open from before a

changeover to the reverse cycle until after the changeover,
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procedures of step SQL4 and steps SR13 through SR20 represent the
after-defrost on-off control neans 54 of the present invention.
In this way, according to the present enbodi nent, when a defrost command
is issued during the heating operation, the on-off valve SV for the gas
bypass path 4a is opened by the before-defrost on-off control neans 52
before the commencenent of the reverse cycle defrost operation (at to in
Fig. 7) by the defr.ost operation cen8ol- neans 51, so that the pressure in
the receiver 4 is |lowered, which results ininflowinto the receiver 4 of
liquid refrigerant present in the internal heat exchanger 6
gas refrigerant is introduced into the internal heat
exchanger 6, which is now acting as an evaporator, as a
result of the on-off wvalve SV being opened after the
changeover to the reverse cycle. Thus, any liquid back-
flow after the changeover to the reverse cycle can be more
effectively prevented.

After the commencement of a reverse cycle defrost
operation and as frost melting at the external heat
exchanger 3 progresses, the temperature in the external
heat exchanger 3 goes up, whereas the temperature in the
internal heat exchanger 6 is. lowered. As a result, the
pressure on the lower pressure side is lowered and the
incoming refrigerant tends to get wet. At that point of
time (t3 in Fig. 7) the on-off valve for the gas bypass
path 4a is opened by the during-defrost on-off control
-means 53 so that gas refrigerant is introduced into the
internal heat exchanger 6 which is acting as an evaporator.
As a result, any excessive pressure decrease on the low
pressure side is prevented, and the wettiné condition of
the refrigerant is eliminated. Further, any liquid back-
flow into the compressor 1 is prevented.

At the end of the defrost operation (at t4 in
Fig. 7), the internal heat exchanger 3 which has been

acting as a condenser is switched over to an evaporator.

For a predetermined time (t4-t5 in Fig. 7), however, the
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which has been acting as a condenser. Therefore, a changeover to
the reverse cycle defrost operation is possible in such a condition that
little or no liquid refrigerant is retained in the internal heat exchanger
6. This enables liquid back-flow into the conpressor 1 to be effectively
prevent ed. When the before-defrost on-off control neans 52
controls the on-off valve SV to open fyombefore a changeover to the
reverse cycle until after the changeover,

electric expansion valve 5 and the on-off wvalve SV are
closed under the control of the after-defrost valve control
lmeans 54, Therefore, no supply of refrigerant is made to
the external heat exchanger 3 during that time and any
liquid back-flow from the e-xternal heat exchanger 3 toward
. the compressor 1 is prevented.

When ﬁhe on-off valve SV is allowed ‘to remain
closed, the internal heat exchanger 6 which has been acting
as an evaporator is made to act as a condenser, with the
pressure therein being low (e.g., on the order of 0.5
kg/cm?), while the pressure in the receiver ‘4 is high
(e.g., on the order of 10 kg/cmz); This unfavorably
affects the flow of refrigerant from the internal heat
exchanger 6 to thé receiver 4, with the result that inflow
of discharged refrigerant from the compressor 1 may not
possibly supplied to the receiver 4. Therefore, it is
possible that the pressure on the high pressure side be
abruptly incfeased to develop a high pressure cut. As
such, according to the present invention, ,upon lapse of a
predetermined time after 'the chéngeover to the heating
cycle (t5 in Fig. 7), the wvalve travel of the electric
expansion valve 5 is controlled by the after-defrost valve
control means 54 to a small degree of valve travel (50
pulses in the foregoing example), and the on-off valve SV

is opened to allow refrigerant to6 flow from the intermal
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- 28 - gas refrigerant is introduced into the internal heat exchanger
6, which is now acting as an evaporator, as a result of the on-off
valve SV being opened after the changeover to the reverse cycle.

Thus, any liquid back- flow after the changeover to the reverse cycle can
be nore effectively prevented. After the commencenent of a
reverse cycle defrost operation and £5 frost nelting at the external heat

heat exchanger 6 into the receiver 4; so that any excessive
increase in the pressure on the high pressure side is
suppressed and any high pressure cut is prevented.
Further, upon a subsequent lapse of a specified time (té6 in
Fig. 7), the electric expansion valve 5 is controlled to a
controlled degree of wvalve travel and the on-off valve SV
is controlled to be closed. Thus, xreturn to the héating
operation can be smoothly effected. Therefore, it is
possible to effectively prevent any liquid back-flow to the
compressor 1 while maintaining the pressure on the high
pressure side at a pfoper level.

In particular, adoption of such accumulatorless
construction as the above described embodiment provides for
reduction in costs and improvement in performance, with a
liquid-back preventive function maintained through control
of the on-off valve SV and electric expansion valvé S.

In the above described embodiment, the on-off
.valve SV is opened for a predetermined time before and
after the commencement of defrost operation, but it may be
-opened for a predetermined time only prior to the start of
defrost operation.

INDUSTRIAL APPLICABILITY .

As described abbve, the system for controlling
operation of a refrigerating device in accordance with the

invention is applicable to air conditioning apparatuses and
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exchanger 3 progresses, the tenperature in the external heat exchanger 3
goes up, whereas the tenperature in the internal heat exchanger 6 is

| owered. As a result, the pressure on the |ower pressure side is |owered
and the incomng refrigerant tends to get wet. At that 'point of tine
(t3in Fig. 7) the on-off valve for the gas bypass path 4a is opened by
the during-defrost on-off control neans 53 so that gas refrigerant is
introduced into the internal heat exchanger 6 which is acting as an
evaporator. As a result, any exce3§iy pressure decrease on the | ow
pressure side is prevented, and the wetting condition of the refrigerant
is elimnated. Further, any liquid back- .

refrigerating apparatuses which are designed to perform

reverse cycle defrost operations.
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flow into the conpressor 1 is prevented. At the end of the
defrost operation (at t4 in Fig. 7), the internal heat exchanger 3 which
has been acting as a condenser is switched over to an evaporator. For a
predetermned tinme (t4-t5 in Fig. 7), however, the

b N R O W0

CLAIMS

1. A system for ‘controlling operation of a
refrigerating device which includes a refrigerant circuit
(9) in which a compressor (1), a condenser (6), a receiver
(4) for storing liquid refrigerant, a pressure—feducing
valve (5), and an evaporator (9) are connected together,
and a cycle change-over mechanism (2) for changing a
refrigeration cycle of the refrigerant circuit (9) between
forward operation aﬁd reverse.operation, the refrigerating
device being of such arrangement that the pressure—feducing
valve (5) is positioned downstream of the receiver (4)
during either one of the refrigerating cycles, the system
comprising:

a bypass path (4a) co.nnecting a top portion of
the receivef (4) to a ligquid line on the downstream side of
the preésure-réducing valve (5);

a normally closed on-off valve (SV) for opening
and closing the bypass path (4a); B

defrost operation control means. (51) for
switching the cycle change-over méchanism (2) to a reverse
cycle position upon receipt of a defrost command .during
operation of the refrigerating device, thereby to control
the device so as to perform a defrost operation; and

at least one of (a) a before-defrost on-off

control means (52) for controlling the on-off valve (SV) to
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electric expansi on valve 5 and the on-off valve SV are closed under the
control of the; -defrost valve control neans 54. Therefore, no supply

of refrigerant is nade to the éxternal heat exgﬁgggﬁ;ﬁé_QE%ng_tht time

and any |iqui d% ect H3\Bedn' FRphd-f€ €Xt ernal hea toward the

conpressor 1 is p When t he on- |t owed to
w M!I@at exchanger -6 V\/m E‘\mmm 1‘“ as an
ac

remain cl osed,
evaporator is nade to condenser, with t Ssume ®hefein being

low (e.g., on the order of 0.5 . kglLcHR). while the pressure in the receiver
4 is high (e.g., on the order o 10 kg/cnR). This wunfavorably

be opened for at least a - predetermined period of time
preceding a change-over to a reverse cycle operation via
the defrost operation control means (51), (b) a during-
defrost on-off control means (53) for controlling the on-
off wvalve (SV) to be opened during a reverse cycle defrost
operation effected through the defrost operation control
means (51), but from a time at which melting of frost built
on the evaporaf.or (3) has progressed a predetermined degree
until completion of the defrost operation, and (c) an
after-defrost valve control means (54) for controlling the
on-off valve (SV) and the pressure-reducing valve (5) such
. that after completion of the reverse «cycle defrost
operation effected by the defrost operation control means
(51), the on-off valve (SV) and the pressuré reducing valve
(5) are closed for a predetermined time and thereafter the
on-off valve "(SV) .is opened for a predetermined time while
the pressure reducing valve (5) is opened a predetermined
low degree of- valve travel.

2. The system for controlling operation of a
refrigerating device as set forth in claim 1, wherein said
before-defrost on-off control means is operétive to control
the on-off wvalve (SV) to be opened from a time before the
change-over to the reverse cycle until a time after the

change-over to the reverse cycle. - This is the replacement sheet
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affects the flow of refrigerant fromthe internal heat exchanger 6 to the

receiver 4, with the result that inflow of discharged refrigerant fromthe
conpressor 1 may not possibly supplied to t he_receiver 4. Therefore, it
is possible that the pressure on the hig ressure side be abruptly

i ncreased to devel op a high pressure cut. Elmm‘ruu“mm‘lnﬂ!ro the
present invention, upon |apse of a predeternn changeover

to the heating cycle (t5in Fig. 7), the valve t'rafel “of"the electric
expansion valve 5 is controlled by th®safter-defrost valve control means
54 to a small degree of valve travel (50 pulses in the foregoing

exanpl e), and the on-off valve SV

3. The system for controlling operation of a
refrigerating device as set forth in claim'l, wherein said
evaporator (3) is connected to the compressor (1) without

an accumulator interposed therebetween.

4. The system for controlling operation of a
refrigerating device as set forth in claim 1, wherein said
condenser (6) is connected to the compressor (1) without an

accumulator interposed therebetween.

5. _ The system for controlling operation of a
refrigerating device as set forth in claim 2, wherein said
evaporator (3) is connected to the compressor (1) without

an accumulator interposed therebetween.

6. - The  system for controlling operation of a
refrigerating device as set forth in claim 2, wherein said_
compressor (6) is connected to the compressor (1) without

an accumulator interposed therebetween.
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I s opened to allow refrigerant to flow fromthe interna
- 30 - heat exchanger 6 into the receiver 4, so that any excessive
increase in the pressure on the high pressure side is suppressed and any
hi gh pressure cut is prevented. Further, upon a subsequent |apse of a
specified tinme (t6 in
- 35 -

' VICE
SYSTEM FOR CONTROLLING OPERATION OF REFRIGERATION DE

ABSTRACT

A gystem for controlling operation of a refrigerating
device controls an on-off valve (SV) on a bypass path (4a)
by a before-defrost on-off control means (52) such that the
valve opens for a predetermined time before a reverse cycle
defrost operation starts. A during-defrost on-off control
means (53) controls the on-off valve such that the valve
opens during the reverse cycle defrost operation, but only
frcn;'-" the time at which defrost has already progressed to a
certain extent untii the completion, of defrost. An after-
defroét valve control means (54) cdhtrols the on-off valve
and an electric expansion valve (5) such that, after both
valves are closed for a predetermined time upon completion
of the defrost, the electric expansion valve opens to a
small degree and the 6n¥off valve opens for a predetermined
time.

FIGURE 1.
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Fig. 7), the electric expansion valve 5 is controlled to a controlled
degree of valve travel and the on-off valve SV is controlled to be closed.
Thus, return to the heating operation can be snoothly effected.
Therefore, it is possible to effectively prevent any liquid back-flowto
the conpressor 1 while maintaining the pressure on the high pressure side
at a proper |level. In particular, adoption of such

accunul atorl ess construction as the abdve descri bed enbodi ment provides
for reduction in costs and inprovenent i-n performance, with a |iquid-back
preventive function maintained through control of the on-off valve SV and
~electric expansion valve 5.

Fig. 7
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In the above described enbodi nent, the on-off valve SV is opened for a
predeterm ned tine before and after the conmmencenent of defrost operation,
but it nay be opened for a predetermned tine only prior to the start of
defrost operation. |NDUSTRI AL APPLI CABI LI TY As descri bed above,
the systemfor controlling operation of a refrigerating device in
accordance with the invention is applicable to air conditioning
appar at uses and
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to perform

desi gned

which are

refrigerating apparatuses

31 -
reverse cycl e defrost operations.
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W claim A systemfor controlling operation of a refrigerating

devi ce which includes a refrigerant circuit in which a conpressor, a
condenser, a receiver for storing liquid refrigerant, a
pressure-reduci ng val ve, and an evaporator are connected t oget her,

and a cycl e change-over nmechanismfor changing a refrigeration cycle
of the refrigerant circuit between forwargd operation and reverse operation,

t he pressure-reduci ng val ve bei ng positioned downstream of the
receiver during either one of the refrigefation cycles] the system
conpri si ng: a bypass path connecting a top portion of e receiver
toaliquid line on a downstream si de of "{he pressure-f&ducing

val ve; a normally cl ose n-of f val ve for ng and/cl\osi ng said
bypass pat h; defrost opgration contrfol |mreans/f swi/t chixg the cycle
change- over nechani sm tjo reverse dqyclje posjtipn ypon regeipt of a
defrost command duri ng operatifon of [thdg refr fatijng device,
thereby controlling the devicg<sgaas to perf5rm A |- g c%r%&s oper ati on;
and at |east one of r(_y b ore-defrcﬁ oy of -Scpnt nab IRps for
control ling the on-off \Rlve to be g¢perfed f lgasts .
predeterm ned period of tine pteceding a ;% changer ovgO 10 aaj r ever se
cycl e operation via the deffrogt gperation ¢ontjrol reans® [ b)
during-defrost on-off contr megns for cgntrqlli e aan- of f vpl ve

b
to be opened during a revergg ¢ytl e defr 0 er@ n ﬁ‘ée ted Yhrough the
LE

defrost operation control é&n ,U;ron1a thne at f frost
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t he evaporator has progressed a predeterm ned degree until conpletion of
the defrost operation, and (c) after-defrost valve control neans for
controlling the on-of f val ve and the pressure-reduci ng val ve such
that after conpletion of the reverse cycle defrost operation
effected by the defrost operation control neans, the on-of f val ve
and the pressure reducing valve are closed for a predeterm ned tinme
and thereafter the on-off valve is openedgfor a predetermned tinme while
the pressure reducing valve is opened a predeterm ned | ow degree of val ve

travel . - 33 - 2. The system for controlling operation of
a refrigerating device as set forth in claim 1, wherein said
bef or e- def rost on-offf— control means 1S operatl ve to contirol the
on-of f valve to be qpeR®d—+om a EREe—ﬁefoﬂE +hq chapge-oven t t he
reverse cycle until (a ¢dpe aftler ¥he changdlgver| to g@e revers C¥£L$.
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3. The system for controlling operation of a refrigerating .device as set
forth in claim1, wherein said evaporator is connected to the
conpressor w thout an accurrul at or i nt erposed -t her ebet ween. 4,

The system for controlling operation of a refrigerating device as set forth
I n claim1l1, wherein said condenser is connected to the conpressor

W t hout an accunul ator i nterposed f herebetween. 5. The system
for controlling operation of a refrigerating device as set forth in
claim2, wherein_said evaporator is connected to thexsconpressor w.thout an

accunul ator intefposed theﬁgbetmqu. 6. olhe |sysfem f or@cont r@l | i ng
operation of gr rigéEati@g é@vi ag set f@rthfings &gain1 wher ei n
sai d conpressgx comnect@d tﬁg conpress@r wilt halit . an accumul at or
i nt er posed t h&tAbet weer — B
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- 34- . 3. The system for controlling operation of a
refrigerating device as set forth in claiml1l, wherein said evaporator (3)

is connected to the conpressor (1) without an accunul ator interposed

therebetween. 4. The system for controlling operation of a
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S . . . . . ) %0520 1S
_gef'rl gerating device as set forth in claim1l, wherein said condenser (6)

1s connected 1) without an a of—i-At.erpased

t herebet ween. ystem for contfol |%‘A%EHTISZ§EET& 8G
refrigerati ng ﬂll ﬂﬂ wln)ﬂllt h in claim2, wherdieesintivn pagpbs atmrpy.géﬂ .....
i s connected t (1) witBaut an acdémitai®r inrerdased paged.z.
t'herebet ween. The ™ system for conty df Mrrgingbperation.. ®fpagad ...
refrigerating: deV| ce as set forth in claim2, iéiAbsaitd :gagpl £580habdd ...

S connectwg chﬂn;.he conpressor (1) wthout

“1.- A system for contrbllihg operation of a rcfr-igeratmg device which includes a
l' r¢fﬁ_'gerant circuit in which a compressor, a condénser, a receiver for storing
]iﬁ'\iid refrigerant, a pressure-reducing valve, and an evaporator are connected
tOg_ether, and a cyclc change-over 1i1echanism for chahging a refrigeration cycle
of the refrigerant circuit between forward operation and reverse operation, the
pressure-reducing valve being. positioned downstream of the receiver during

- either one of the refrigeration éycles,'the system comprising:

a bypass path connecting a top portion of the receiver to a liquid line on a
downstream side of the pressure-reducing valve;

a normaily closed on-off valve for opening and closing said bypass path;
defrost operation control means for switching the cycle change-over mechanism

- 10 a reverse cycle pos1t10n upon receipt of a defrost command during operatlon

of the refngeratmg device, thereby controllmg the device so as to perform a
defrost operation; and -
- at least one of (2) before-_defrost. on-off control means for controlling the on-off
-valve to be opened for at least a predetermined period of time preceding a
change-over to a reverse cycle bperaﬁon via the defrost operation control
: means, (b) during-defrost on-off control means for controllin_g the on-off valve
| U ' _ 'tcl) be opened during a reverse cycle defrost operation effected through the':.
defrost operation control means, from a time at which melting of frost built on

- the evaporator has progressed a predetermined degree until completion of the

 defrost operation, a_nd © after-defrost valve control means for controlling the

on-off valve and the pressure—feducing valve such that after completion of the

' fév‘erse cycle defrost _opt:ratioﬁ effected by the defrost operation control means,

| the oﬁ-off valve and the p'ressufe reducing valve are closed for a predetermined

' time and thereafter the on-off valve is opened for a predetermined time while

the pres_surc reduCing valve is opened a predetermined low degree of valve

travel.
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an accumnul ator interposed therebetween.

(LT —

2. The system for controiling operation of a refrigerating device as set forth in

claim 1, wherein said before-defrost on-off control means is operative to
control the on-off valve to be opened from a time before the change-over to

the reverse cycle until a time after the change-over to the reverse cycle.

3. The system for controlling operation of a refrigerating device as set forth in
claim 1, wherein said evaporator is connected to the compressor without an

accumulator interposed therebetween.

4. The system for controlling operation of a refrigerating device as set forth in
claim 1, wherein said condenser is connected to the compressor without an

accumulator interposed therebetween.

5. - The system for controlling operation of a refrigerating device as set forth in
claim 2, wherein said evaporator is connected to the compressor without an

accumulator interposed therebetween.

6. The system for cohtrolling operation of a refrigerating device as set forth in
claim 2, wherein said compressor is connected to the compressor without an

- accumulator interposed therebetween.
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SYSTEM FOR CONTROLLING OPERATION OF REFRIGERATION DEVIC

ABSTRACT
A aystem for -lcont:rolll.l.ing operation of a refrigerai_ting.'
device controls an on-off valve (SV) on a bypass path (4a)
by a before-defrost on-off control means (52) such that the
‘'valve opens for a predeterm:.ned t1me before a reverse cycle
defrost operation starts. A dur:.ng-defrost on~off contxzol
means (53) controls the on-off valve such that the valve
cpens  during thé reverse cycle defrost operation, but only
froﬁythe time at whicﬁ defrost has . already progressed to a
certain extent unt:.l the completion of defrost. An after-
defrost valve control means (S4) controls the on-off valve
and an electric expansion valve (5} such that, after both
valves are closed for a predetermined time upon completion
of the defrost, the electric expansion valve opens to a
small degree and the on-off valve cpens for a predetermined
time. | |
FIGURE 1.
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