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(54) REFRIGERATION CYCLE APPARATUS

(57) A refrigerating cycle system is provided with a
compressor 1, an outdoor heat exchanger 2, an expan-
sion valve 3 capable of controlling an opening thereof,
and an indoor heat exchanger 4. The refrigerating cycle
system is further provided with a bypass flow path 11 for
causing a refrigerant in the middle of compression in the
compressor to bypass toward a suction side of the com-
pressor; a solenoid valve 12 for opening or closing the
bypass flow path; and a controller 20 for controlling open
state time of the solenoid valve, and closed state time
thereof to adjust a flow rate of a refrigerant discharged

from the compressor into a refrigerating cycle, thereby
executing a capacity-control. The controller executes a
control on the basis of a duty ratio, that is, a ratio of the
open time of the solenoid valve against a duty period
representing the sum of the open time of the solenoid
valve, and the closed time thereof, and further, if a pres-
sure on the suction side of the compressor when the so-
lenoid valve is in the state is higher than a suction pres-
sure before the solenoid valve is in the state by a allow-
able deviation, the controller controls the solenoid valve
so as to be in the closed state, the closed time being
decided on the basis of the duty period.
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Description

Technical Field

[0001] The present invention relates to a refrigerating
cycle system provided with a capacity-control compres-
sor capable of executing a capacity-control. Further, the
present invention is suitable for application to a refriger-
ating cycle system such as an air-conditioning water-
heating system intended for a new-generation housing
high in ecological (environmental responsiveness) effect,
and is suitable for application to a refrigerating cycle sys-
tem provided with a scroll compressor capable of carrying
out an operation in a wide range, and efficiently perform-
ing a capacity-control even in an ultrasmall capacity-op-
eration mode, in particular.

Background Art

[0002] From the standpoint of reducing energy con-
sumed in common housing, that is, energy consumed by
an air-conditioner, and energy consumed by a water
heater, there has lately been seen an increasing tenden-
cy toward the use of material high in heat-insulating prop-
erties as a heat-insulating material in a building. Further-
more, there exists a concept of implementing a fossil-fuel
zero-use housing whereby  integrated power consump-
tion for one year is zeroed by the installation of solar
power generator, and soar heaters.
[0003] Under this concept, a refrigerating cycle sys-
tem, such as an air-conditioner, a water heater, and so
forth, is in use. For example, in the case of a scroll com-
pressor, it is required that a capacity-control in a wide
range can be realized by use of one unit. More specifi-
cally, in a cooling operation by use of an air-conditioner,
a room air-temperature is generally high at the time of
starting the operation, so that there is the need for a quick
operation. In such a case, a high-speed operation (high-
speed rotation) large in volume is executed at a startup,
however, when the interior is cooled to some extent, and
the operation shifts to a steady operation state, a low-
speed operation (low-speed rotation) small in volume is
executed. In a low-speed operation in the steady opera-
tion state, the operation will be carried out at a very low
rotation speed assuming the case where an air-condi-
tioning machine is installed in a building provided with a
highly heat-insulating material, using latest energy-sav-
ing techniques, in particular.
[0004] However, if an excessively low-speed rotation
is executed in the scroll compressor, this will structurally
cause occurrence of rupture of an oil film at a plain bear-
ing to thereby render the plain bearing susceptible to
damage, rendering it difficult to perform stable operative
actions since smooth motor-driving for rotating a crank-
shaft is prevented because of the low-speed rotation, and
so forth. Accordingly, at the time of a mall-capacity op-
eration, a general practice is adopted whereby the rota-
tion speed is maintained to some extent in order to per-

form a capacity-control, and if, for example, the indoor is
cooled to some extent, the scroll compressor is stopped
while if a room air temperature rises, the scroll compres-
sor is started again, this operation pattern being repeat-
ed.
[0005] However, the operation pattern for repeating
stop and startup at the time of the mall-capacity operation
is not only poor in efficiency but also incapable of per-
forming comfortable air conditioning, there has been pro-
posed a technique for devising a new capacity-control.
In the case of executing a capacity-control with the use
of the scroll compressor, there are generally adopted
techniques including a technique for controlling a rota-
tional speed by a motor rotation, a technique whereby a
structure is partially modified to keep a rotation speed
constant to thereby perform a control for rendering a dis-
charge rate variable, or a  technique for using these tech-
niques in combination. Well known techniques for ren-
dering a discharge volume variable include, for example,
a scroll-type machine (refer to Patent Document 1) pro-
vided with a capacity-adjustment mechanism structured
such that sealing in the axial direction of the crankshaft
is released to stop compression, and an air-conditioner
(refer to Patent Document 2) with a scroll compressor
mounted therein, the scroll compressor provided with a
capacity-adjustment mechanism whereby a refrigerant
gas in the middle of compression is discharged toward
a suction side to thereby delay the start of the compres-
sion.
[0006] In Patent Document 1, a high-pressure cham-
ber, a discharge chamber, a low-pressure suction pipe
that are formed between outer-shell connected fittings
provided on one end side of the compressor, and a piston
connected to a non-orbiting scroll are connected with
each other via piping with a solenoid valve interposed
therebetween, respectively, so that when the solenoid
valve is turned ON (opened) by pulse width modulation
(PWM) control, the high-pressure chamber is communi-
cated with a low pressure suction pipe inside the piping,
whereupon the non- orbiting scroll moves toward the
crankshaft side, whereupon sealing is released in the
axial direction of the crankshaft, thereby preventing com-
pression. Then, when  the solenoid valve is turned OFF
(closed), the high-pressure chamber is connected with
the discharge chamber inside the piping, whereupon the
non- orbiting scroll moves toward the crankshaft side, on
the opposite side of the outer-shell connected fittings,
whereupon sealing is executed in the axial direction of
the crankshaft, thereby performing a normal compres-
sion action.
[0007] The scroll-type machine according to Patent
Document 1 is operated by turning the solenoid valve
OFF (closed) at the time of a normal capacity-control
while the solenoid valve is turned ON (open) at the time
of the small capacity-control, and the refrigerant gas is
returned to the suction pipe on the low pressure side to
thereby adjust the discharge volume of the refrigerant
gas, enabling capacity-control in a wide range of 0 to
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100% to be implemented. As a result, this will enable a
compression action at a small-capacity-control (the ul-
trasmall capacity-operation mode) corresponding to the
case of an ultra-low speed operation at not higher than
a low-limit set value of a motor rotational speed that can-
not be actually realized owing to a problem of the rupture
of the oil film at the sliding bearing, described as above,
and torque change (in a drive signal to a motor, frequency
is on the order of 5Hz), however, frequency in actual de-
signing is set to a value higher  than that, to a range of
about 15 to 20Hz). The refrigerant gas subjected com-
pression is guided to a refrigerating cycle via a discharge
pipe, thereby enabling refrigerant gas to be slowly circu-
lated.
[0008] In Patent Document 2, there are provided the
scroll compressor having a bypass port, a flow path
where the bypass port is open to a suction pressure at-
mosphere, a control valve for opening/closing the flow
path, and a control means for opening/closing the control
valve according to a plurality of control patterns based
on short-period time allocation that is set according to an
operation load of the air-conditioner.
In the case of the air-conditioner with the scroll compres-
sor mounted therein, according to Patent Document 2,
the refrigerant gas in the middle of compression is dis-
charged into a suction chamber, and a containment vol-
ume upon suction completion is reduced, thereby ena-
bling capacity-control by 60% to be realized. Further, an
operation with a capacity-control in a range of 60 to 100%
by stages is realized by opening/closing the control valve
for discharging the refrigerant gas in the middle of com-
pression into the suction chamber according to the plural
control patterns based on the short-period time alloca-
tion.

Citation List

Patent Literature

[0009]

Patent Document 1: Japanese Unexamined Patent
Application Publication No. Hei8(1996)-334094
Patent Document 2: Japanese Unexamined Patent
Application Publication No. Hei11(1999)-324951

Summary of Invention

Technical Problem

[0010] In a capacity-control operation using a com-
pressor for variably controlling a discharge volume, a dis-
charge pressure, and a suction pressure undergo change
due to the opening/closing of a control valve for capacity-
control, such as the solenoid valve, and so forth. If ON
(opening) - OFF (closing) cycle (a duty period)) is large
at the time of a pulse width modulation control (herein-
after referred to as PWM control), in particular, change

in a suction pressure is large, and if this capacity-control
scheme is applied to an air-conditioner, a blow-off tem-
perature will undergo variation, and comfortability can be
no longer maintained. Furthermore, in the case of the
capacity-control scheme described as above, losses oc-
cur at the time of the opening/closing of the control valve,
so that if the duty period is rendered shorter, the losses
will increase although the  variation decreases, thereby
causing deterioration in efficiency.
With the one according to Patent Document 1, capacity-
adjustment is performed by subjecting the solenoid valve
to the PWM control to be turned ON/OFF, and the ca-
pacity-control in a wide range can be performed. How-
ever, in Patent Document 1, it is simply described that
the solenoid valve is subjected to the PWM control to
vary an ON - OFF time (a duty period) for the purpose of
adjustment to a target capacity, thereby effecting the ca-
pacity-control, however, no consideration is given to en-
hancement in comfortability while suppressing deterio-
ration in efficiency.
[0011] In the case of the one according to Patent Doc-
ument 2, a load state of a refrigerating cycle is detected
on the basis of respective signals from a temperature
sensor, and a pressure sensor, provided at the condens-
er, and the evaporator, respectively, thereby switching
between a capacity-control operation, and a full-load op-
eration. In the capacity-control operation, a bypass op-
eration is executed according to predetermined time al-
location. However, in the case of the one according to
Patent Document 2, no consideration is given to en-
hancement in comfortability while suppressing deterio-
ration in efficiency either as is the case with Patent  Doc-
ument 1.
[0012] It is therefore an object of the invention to obtain
a refrigerating cycle system capable of not only realizing
highly efficient operation-control even in an ultrasmall ca-
pacity-operation mode, but also realizing enhancement
in comfortability.

Solution to Problem

[0013] In accordance with one aspect of the invention,
there is provided a refrigerating cycle system provided
with a compressor, an outdoor heat exchanger, an ex-
pansion valve capable of controlling an opening thereof,
and an indoor heat exchanger, said refrigerating cycle
system comprising a bypass flow path for causing a re-
frigerant in the middle of compression to bypass toward
a suction side of the compressor, a solenoid valve for
opening or closing the bypass flow path, and a controller
for controlling open (ON) state time (τ1) of the solenoid
valve, and closed (OFF) state time (τ2) thereof to adjust
a flow rate of a refrigerant discharged from the compres-
sor into a refrigerating cycle, thereby executing a capac-
ity-control. The controller executes a control on the basis
of a duty ratio (d) that is a ratio of open time of the solenoid
valve against a duty period (T) representing the sum  of
the open time of the solenoid valve, and closed time
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thereof, and further, if a pressure (Ps) on the suction side
of the compressor when the solenoid valve is in the ON
state is higher than a suction pressure (Ps0) before the
solenoid valve is in the ON state by a allowable deviation
(ΔP), the controller controls the solenoid valve so as to
be in the closed state, the closed time being decided on
the basis of the duty period.
[0014] The invention provides in its another aspect a
refrigerating cycle system provided with a compressor,
an outdoor heat exchanger, an expansion valve capable
of controlling an opening thereof, and an indoor heat ex-
changer, said refrigerating cycle system comprising a by-
pass flow path for causing a refrigerant in the middle of
compression to bypass toward a suction side of the com-
pressor, a solenoid valve for opening or closing the by-
pass flow path; and a controller for controlling open (ON)
state time (τ1) of the solenoid valve, and closed (OFF)
state time (τ2) thereof to adjust a flow rate of a refrigerant
discharged from the compressor into a refrigerating cy-
cle, thereby executing a capacity-control. The controller
executes a control on the basis of a duty ratio d, that is,
a ratio of open time of the solenoid valve against a duty
period (T) representing the sum of the open time of the
solenoid valve, and closed time thereof, and further, if an
evaporator temperature (Tev) of the indoor heat-ex-
changer or the outdoor heat-exchanger (an evaporator-
side heat-exchanger), serving as the evaporator, when
the solenoid valve is in the ON state, becomes higher
than an evaporator temperature (Tev0) before the sole-
noid valve is in the ON state by a allowable deviation
(ΔTev), the controller controls the solenoid valve so as
to be in the closed state, the closed time being decided
on the basis of the duty period.

Advantageous Effects of Invention

[0015] The present invention can provide a refrigerat-
ing cycle system capable of executing a highly efficient
operation control even in an ultrasmall-capacity opera-
tion mode and improving comfortability.

Brief Description of Drawings

[0016]

Fig. 1 is a schematic block diagram showing a first
embodiment of a refrigerating cycle system accord-
ing to the invention;
Fig. 2 is a diagram for describing PWM control in the
refrigerating cycle system, and change in an evap-
orating pressure;
Fig. 3 is a flow chart for describing a compressor
rotational-speed control routine according to the first
embodiment;
Fig. 4 is a flow chart for describing an expansion-
valve opening-control routine in the refrigerating cy-
cle system according to the first embodiment;
Fig. 5 is a schematic block diagram of a refrigerating

cycle system according to a second embodiment of
the invention:
Fig. 6 is a flow chart for describing a compressor
rotational-speed control routine in the case of the
refrigerating cycle system according to the second
embodiment of the invention;
Fig. 7 is a schematic block diagram of a refrigerating
cycle system according to a third embodiment of the
invention;
Fig. 8 is a diagram for describing PWM control, and
change in an evaporator temperature in the case of
a refrigerating cycle system according to a third em-
bodiment of the invention;
Fig. 9 is a flow chart for describing a compressor
rotational-speed control routine in the case of the
refrigerating cycle system according to the third em-
bodiment of the invention;
Fig. 10 is a longitudinal sectional view showing an
example of a capacity-control compressor used in
the present invention:
Fig. 11 is an expanded sectional view of the principal
part of the scroll compressor shown in Fig. 10, for
describing  a refrigerant gas flow at the time of a
normal operation; and
Fig. 12 is an expanded sectional view of the principal
part of the scroll compressor shown in Fig. 10, for
describing a refrigerant gas flow at the time of a by-
pass operation. Description of Embodiments

[0017] Specific embodiments of a refrigerating cycle
system according to the invention are described herein-
after with reference to the accompanied drawings.

First Embodiment

[0018] A first embodiment of a refrigerating cycle sys-
tem according to the invention is described with reference
to Figs. 1 to 4. Fig. 1 is a schematic block diagram of the
refrigerating cycle system, showing the first embodiment
of the invention, representing the case where the present
invention is applied to a room air-conditioner (an air-con-
ditioner).
[0019] The refrigerating cycle system shown in Fig. 1,
together with an operation at the time of a cooling oper-
ation, is described hereinafter. A refrigerant compressed
by a compressor 1 repeats a circulation whereby the re-
frigerant flows from a high-pressure side connection pip-
ing 7 into a four-way valve 5, passes through the four-
way valve 5 before  flowing out to an outdoor connection
piping 8. Thereafter, the refrigerant is subjected to heat
exchange with an outdoor air in an outdoor heat exchang-
er 2 to release heat, thereby undergoing condensation
liquefaction before being subjected to decompression by
the agency of an expansion valve 3. The refrigerant that
has turned low in temperature · pressure after subjected
to the decompression enters an indoor heat exchanger
4 to cool an indoor air while the refrigerant itself under-
goes evaporation · gasification before flowing from an
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indoor connection piping 9 into the four-way valve 5
again, thereafter flowing out from a low-pressure side
connection port of the four-way valve 5, and passing
through a low-pressure side connection piping 10 before
returning to the suction side of the compressor 1 to be
compressed again.
[0020] Further, in the case of switching from the cooling
operation to a heating operation, the connection desti-
nation of a piping for refrigerant from the four-way valve
5 is switched. At the time of the heating operation, a re-
frigerant high in temperature · high pressure, discharged
from the compressor 101 (1), passes through the four-
way valve 5 from the high-pressure side connection pip-
ing 7 to flow out to an indoor connection piping 9 before
flowing to the indoor heat exchanger 4, thereby carrying
out the heating operation by  releasing heat to an indoor
air while the refrigerant itself undergoes condensation.
Thereafter, a circulation is repeated whereby the refrig-
erant subjected to the condensation undergoes decom-
pression by the agency of an expansion valve 3 to be
subjected to heat exchange with an outdoor air in an out-
door heat exchanger 2, thereby undergoing condensa-
tion · liquefaction before flowing from the outdoor con-
nection piping 8 into the four-way valve 5, and subse-
quently flowing to the low-pressure side connection pip-
ing 10 before returning to the suction side of the com-
pressor 1 to be compressed again.
[0021] Reference numeral 11 denotes a bypass piping
(bypass flow path) for guiding a refrigerant gas at a dis-
charge pressure to the suction side of the compressor 1,
and the bypass piping 11 has one end connected to the
low-pressure side connection piping 10 on the suction
side of the compressor. The bypass piping 11 is provided
with a solenoid valve 12 to be controlled so as to be in
an open (ON) state, and a closed (OFF) state by the
agency of a pulse width modulation (PWM) control signal
such that communication between the bypass piping 11
and the low-pressure side connection piping 10 is turned
ON/OFF.
[0022] For example, at the time of an ultralow-load op-
eration mode (an ultrasmall-capacity operation mode),
the solenoid  valve 12 is caused to make a repetitive
action so as to be in an open state, and a closed state
to repeatedly cause ON/OFF of a discharge-side refrig-
erant flow into a suction side, thereby realizing a capacity-
adjustment mechanism for carrying out a small-capacity
control of the refrigerant discharged from the compressor
into a refrigerating cycle.
[0023] Next, there is described a control system of the
refrigerating cycle system shown in Fig. 1. Reference
numeral 13 shown in Fig. 1 denotes a discharge-temper-
ature sensor attached to a discharge-side piping (the
high-pressure side connection piping 7) of the compres-
sor 1, the discharge-temperature sensor being for de-
tecting a discharge temperature of the refrigerant from
the compressor (an inlet temperature of the refrigerant
flowing into a condenser). Further, 14 indicates an indoor
heat-exchanger temperature sensor installed at a sub-

stantially central position of the indoor heat exchanger
4, and this temperature sensor 14 is used for detection
of an evaporation temperature of the refrigerant at the
time of the cooling operation when the indoor heat ex-
changer 4 functions as an evaporator. Furthermore, 15
indicates an outdoor heat-exchanger temperature sen-
sor installed at a substantially central position of the out-
door heat exchanger 2, and this temperature sensor 15
is used for  detection of an evaporation temperature of
the refrigerant at the time of the heating operation when
the outdoor heat exchanger 2 functions as an evaporator.
Still further, 16 indicates an indoor temperature sensor
for detecting an air temperature inside a room where the
indoor heat exchanger 4 is installed, and 17 indicates an
outdoor temperature sensor for detecting an outdoor air
temperature around the location of the outdoor heat ex-
changer 2.
[0024] Meanwhile, an inverter (a motor drive circuit) 18
is connected to the compressor 1, and the inverter 18 is
connected to a commercial AC power supply source 19.
The inverter 18 rectifies a voltage of the commercial AC
power supply source 19 to be converted into a voltage
at a frequency according to a command, thereby output-
ting the voltage to a motor installed inside the compressor
1. Further, the inverter 18 is connected to a controller 20,
driving the motor on the basis of a command from con-
troller 20. Further, the four-way valve 5, the expansion
valve 3, an outdoor fan 21, an indoor fan 22, the indoor
heat-exchanger temperature sensor 14, the outdoor
heat-exchanger temperature sensor 15, the indoor tem-
perature sensor 16, the outdoor temperature sensor 17,
the discharge-temperature sensor 13, a suction pressure
sensor 23, the inverter 18, a remote-control manipulator
(not shown, hereinafter referred to as "remote control-
ler"), and so forth are each connected to the controller
20 so that the refrigerating cycle system (the room air-
conditioner) in its entirety is controlled by the controller
20.
[0025] Next, there is described hereinafter an opera-
tion of the refrigerating cycle system at the time of the
cooling operation. At the time of starting the cooling op-
eration, the controller 20 set the four-way valve 5 to a
state for the cooling operation to drive the compressor
1, the outdoor fan 21, and the indoor fan 22 each at a
specified rotational speed preset as an initial-value. The
refrigerant discharged from the compressor 1 repeats a
circulation whereby the refrigerant passes through the
four-way valve 5, the outdoor heat exchanger 2, the ex-
pansion valve 3, and the indoor heat exchanger 4 in se-
quence before passing through the four-way valve 5
again to return to the compressor 1, whereupon the cool-
ing operation is carried out. The expansion valve 3 is
made up of, for example, an electronic expansion valve,
and a pulse motor incorporated in the electronic expan-
sion valve is rotated such that the expansion valve 3 is
opened at a predetermined initial opening. At the time of
the cooling operation, the indoor heat exchanger (heat
exchanger being used) 4 functions as an evaporator.
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[0026]   With the room air-conditioner serving as the
refrigerating cycle system, a room air-temperature is de-
tected by the indoor temperature sensor 16 provided in
the vicinity of the inlet of a ventilation passage of the
indoor heat exchanger 4, and the controller 20 controls
the inverter 18 according to a difference from a set tem-
perature set by the remote controller to render the rota-
tional speed of the compressor variable. Thereby, an op-
eration of the compressor 1 is carried out corresponding
to an air-conditioning load.
[0027] Further, a sensed temperature (discharge re-
frigerant temperature) of the discharge-temperature sen-
sor 13 is detected once in every predetermined control
time periods, and the opening of the expansion valve 3
is controlled once in every control time periods described
as above according to a difference between the sensed
temperature and a target discharge temperature depend-
ent on a sensed temperature (an evaporation tempera-
ture) of the outdoor heat-exchanger temperature sensor
14, a detection temperature (a room air temperature) of
the indoor temperature sensor 16, the rotational speed
of the compressor 1 and a rotational speed command
value of the outdoor fan 21. By virtue of this discharge
superheat control, control can be implemented such that
a suction superheat on the suction side of the compressor
1 is rendered nearly zero, thereby maintaining excellent
coefficient of performance of the refrigerating cycle sys-
tem.
[0028] On the other hand, if the discharge refrigerant
temperature sensed by the discharge-temperature sen-
sor 13 rises to a set value, or higher, an operation fre-
quency of the compressor 1 is reduced until the sensed
temperature falls to a predetermined set value and the
opening of the expansion valve 3 is controlled so that the
discharged refrigerant temperature will be at the set val-
ue. This discharge temperature control prevents the com-
pressor 1 from being abnormally heated, thereby pre-
venting breakdown of the compressor 1 due to a problem
such as seizure, and so forth.
[0029] Next, there is described hereinafter an opera-
tion of the refrigerating cycle system at the time of the
heating operation. At the time of the heating operation,
the controller 20 switches the four-way valve 5 over to a
heating operation side, thereby operating the compres-
sor 1, the outdoor fan 21, and the indoor fan 22, respec-
tively, at a specified rotational speed preset as an initial-
value. The refrigerant discharged from the compressor
1 repeats a circulation whereby the refrigerant passes
through the four-way valve 5, the indoor heat exchanger
4, the expansion valve 3, and the outdoor heat exchanger
2 in  sequence before passing through the four-way valve
5 again to return to the compressor 1, whereupon the
heating operation is carried out. At the time of the heating
operation, the indoor heat exchanger (the heat exchang-
er being used) 4 functions as a condenser.
[0030] The controller 20 detects a difference between
the set temperature set by the remote controller and the
room air temperature sensed by the indoor temperature

sensor 16 as an air-conditioning load, controlling an op-
eration frequency (an output frequency of the inverter 18)
of the compressor according to the air-conditioning load.
Thereby, an operation of the compressor 1 is carried out
corresponding to a heating load.
[0031] Further, a discharge refrigerant temperature is
detected by the discharge-temperature sensor 13 once
in every predetermined control time periods, and the
opening of the expansion valve 3 is controlled once in
every control time periods described as above according
to a difference between the discharge refrigerant tem-
perature as sensed and a target discharge temperature
dependent on a sensed temperature (an evaporation
temperature) of the outdoor heat-exchanger temperature
sensor 15, a detection temperature (an outdoor air  tem-
perature) of the outdoor temperature sensor 17, the ro-
tational speed of the compressor 1 and the rotational
speed command value of the outdoor fan 21. By virtue
of this discharge superheat control, control can be im-
plemented such that the suction superheat on the suction
side of the compressor 1 is rendered nearly zero, thereby
maintaining excellent coefficient of performance of the
refrigerating cycle system.
[0032] On the other hand, if the discharge refrigerant
temperature sensed by the discharge-temperature sen-
sor 13 rises to the set value, or higher, the operation
frequency of the compressor 1 is reduced until the sensed
temperature falls to the predetermined set value, and the
opening of the expansion valve 3 is controlled so that the
discharged refrigerant temperature will be at the set val-
ue. The discharge temperature control prevents the com-
pressor 1 from being abnormally heated, thereby pre-
venting breakdown of the compressor 1 due to the prob-
lem such as seizure, and so forth.
[0033] Next, there is described a control using a ca-
pacity-adjustment mechanism for performing a small-ca-
pacity control of the refrigerant discharged from the com-
pressor into the refrigerating cycle at the time of the ul-
tralow-load operation, that is, the ultralow-load operation
mode (the  ultrasmall-capacity operation mode). With the
capacity-adjustment mechanism for executing an ultras-
mall-capacity control in the ultralow-load operation
mode, the solenoid valve 12 provided in the bypass piping
11 is controlled so as to in the open (ON) state, and the
closed (OFF) state by the pulse width modulation (PWM)
control, thereby performing a capacity-adjust operation.
[0034] At the time when the solenoid valve 12 is in the
open state, a check valve 121 (refer to Fig. 10) provided
at an outlet of the compressor 1 is closed, and a discharge
refrigerant gas passes through the bypass piping 11 to
flow to a low-pressure side connection piping (a suction
pipe). For this reason, the refrigerant does not flow toward
the four-way valve 5, and a flow rate of the refrigerant in
the refrigerating cycle decreases, thereby causing a de-
crease in capacity. On the other hand, if the solenoid
valve 12 is set in the closed state, it is possible to cause
the discharge refrigerant gas from the compressor to flow
toward the four-way valve 5.
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[0035] Accordingly, at the time of an operation in the
ultralow-load operation mode, when the capacity-adjust-
ment mechanism is activated, the solenoid valve 12 is
caused to make a repetitive action so as to be in the open
state, or the closed  state to thereby repeat opening/clos-
ing of the bypass piping 11, rendering it possible to ex-
ecute capacity-adjustment.
[0036] Now, the state of change in an evaporating
pressure at the time when the solenoid valve 12 is under
the PWM control is described hereinafter with reference
to Fig. 2. If the PWM control signal is turned ON (the
solenoid valve 12 is in the open state), the evaporating
pressure rises. Further, if the PWM control signal is
turned OFF (the solenoid valve 12 is in the closed state),
the evaporating pressure falls. Thus, as the solenoid
valve 12 is turned ON/OFF, variation (change) in the
evaporating pressure is repeated.
[0037] At the time of a capacity-adjustment operation
making use of the bypass piping 11, a variation width of
an evaporating pressure is defined ΔP1. Further, at the
time of the capacity-adjustment operation, the evaporat-
ing pressures as a whole rises, and a mean pressure of
various evaporating pressures rises by ΔP2 against the
evaporating pressure prior to the capacity-adjustment
operation. If ΔP1 at the time of the capacity-adjustment
operation is large, the evaporating pressure subsequent-
ly will undergo variation to thereby cause variation in a
heat exchange amount in the evaporator, so that the ca-
pacity of the refrigerating cycle system undergoes  vari-
ation, thereby causing occurrence of variation in a blow-
out temperature. For this reason, ΔP1 is preferably re-
duced in order to maintain comfortable air-conditioning.
Further, if ΔP2 is large, endothermic energy will de-
crease, so that the heat exchange amount, as well, will
decrease. In order to render both ΔP1, and ΔP2 smaller,
it need only be sufficient to reduce a duty period T (= τ1
+ τ2) of the PWM control signal. However, there occur
energy losses because of a back flow of the discharge
refrigerant gas, losses in the pressure of the bypass pip-
ing 11, and so forth, occurring at the time of opening/
closing the solenoid valve 12, in a PWM capacity-control
operation. For this reason, in order to efficiently perform
the capacity-adjustment operation, it is preferable not to
reduce the duty period T.
[0038] Accordingly, with the present embodiment, in
order to realize air-conditioning high in efficiency, and
small in variation (change) of the evaporating pressure,
an adequate duty period is decided in accordance with
flow charts shown in Figs. 3 and 4, respectively, thereby
effecting control of the capacity-adjustment operation.
[0039] First, referring to a flow chart shown in Fig. 3, a
compressor rotational-speed control routine is de-
scribed. As  for the rotational speed of the compressor,
a room air temperature Teain detected by the indoor tem-
perature sensor 16 provided in the vicinity of the inlet of
the ventilation passage of the indoor neat exchanger 4,
as previously described, is read (step 31), a difference
ΔTeain from the set temperature (a room air temperature

target value) Tea*in set by the remote controller is found
(step 32), and the rotational speed of the compressor 1
is rendered variable according to the difference ΔTeain
by the agency of the inverter 18 (step 33, 34). In this
case, the control is executed such that the smaller the
difference between the set temperature and the room air
temperature as detected is, the smaller a compressor
rotational speed fz becomes.
[0040] In step 35, if the compressor rotational speed
fz becomes smaller than a rotational speed fzopt at the
time of starting the capacity-control operation, the com-
pressor rotational speed is fixed to fzopt, deciding an in-
itial duty ratio d {d = τ1/ (τ1 + τ2)} determined from a
difference between the room air temperature and the
room air temperature target value (steps 36, 37), where-
upon the PWM capacity-control operation for turning the
solenoid valve 12 ON/OFF is performed. At this point in
time, upon the PWM control signal being turned ON, a
controller timer as well is turned ON, thereby starting to
count elapsed-time τ1. Further, the suction pressure sen-
sor 23 starts measuring a suction pressure, repeating a
measurement on the pressure, while the PWM control
signal remains in the ON state until a measured suction
pressure Ps exceeds a suction pressure Ps0 before the
PWM control signal is turned ON by a preset allowable
deviation ΔP (steps 38 to 41). If a difference between the
measured suction pressure Ps and the initial suction
pressure Ps0 exceeds ΔP, the PWM control signal is
turned OFF, the solenoid valve 12 is turned into the
closed state, and the timer is turned OFF, whereupon
counting of the elapsed-time is completed, deciding τ1
as opening time (step 42). On the basis of the opening
time τ1, and a present duty ratio d, closing time τ2 is
decided, and the PWM capacity-control operation based
on this duty period is performed (step 43). Thereby,
change in the suction pressure, caused by the opening/
closing of the solenoid valve 12, can be decided so as
to fall within ΔP, so that an operation based on an opti-
mum duty period is enabled by setting the ΔP in such a
range as not to impair comfortability.
[0041] Fig. 4 is a flow chart for describing an expan-
sion-valve opening-control routine in the refrigerating cy-
cle system according to the present embodiment. Upon
the start of the PWM capacity-control operation accord-
ing to the compressor  rotational-speed control routine
as described with reference to Fig. 3, the evaporation
temperature rises and the evaporating pressure become
larger by ΔP2 (refer to Fig. 2) against the evaporating
pressure prior to the capacity-control operation. In order
to render the ΔP2 as small as possible, the control of the
opening of the expansion valve 3 is performed.
[0042] First, in step 45, a state quantity of a refrigerat-
ing cycle is read. More specifically, the room air temper-
ature, the outdoor temperature, temperature of the indoor
heat exchanger, temperature of the outdoor heat ex-
changer, and so forth, detected by the various sensors,
respectively, are each read, and further, the rotational
speed of the compressor 1, the rotational speed of the
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outdoor fan 21 as well as the indoor fan 22, the opening
of the expansion valve 3, and so forth, as well, are read.
Then, when the PWM control signal is OFF (in step 46),
the opening of the expansion valve 3 is controlled such
that the sensed temperature (the discharge refrigerant
temperature) Td of the discharge-temperature sensor 13
will approach the target discharge temperature Td* de-
termined from a sensed temperature (condensation tem-
perature) Tao of the outdoor heat-exchanger tempera-
ture sensor 15, a detection temperature (an outdoor air
temperature) Tai of the outdoor  temperature sensor 17,
the rotational speed fz of the compressor 1, and the ro-
tational speed command value fp of the outdoor fan 21
(steps 47 to 51).
[0043] If the PWM control signal is ON in the step 46,
a corrected compressor rotational speed fz’, obtained by
dividing the rotational speed fzopt at the time of starting
the capacity-control operation by a duty ratio "d" at that
point in time is decided (step 52), thereupon switching is
made to a routine whereby the expansion valve 3 is con-
trolled such that the sensed temperature (the discharge
refrigerant temperature) Td of the discharge-temperature
sensor 13 will approach the target discharge temperature
Td* determined from the corrected compressor rotational
speed fz’, the sensed temperature (condensation tem-
perature) Tao of the outdoor heat-exchanger tempera-
ture sensor 15, the detection temperature (the outdoor
air temperature) Tai of the outdoor temperature sensor
17, and the rotational speed command value fp of the
outdoor fan 21 (steps 52 to 57). At the time of the PWM
capacity-control operation, the larger the duty ratio d is,
the less a refrigerant circulation amount becomes, so that
the opening of the expansion valve 3 can be changed to
an adequate opening even against a reduced refrigerant
circulation amount at the time of the PWM capacity-con-
trol  operation, and ΔP2 can be prevented from rising.
[0044] With the refrigerating cycle system according
to the present embodiment, variation (change) in the suc-
tion pressure (the evaporating pressure), due to the
opening/the closing of the solenoid valve 12, can be de-
cided so as to be in a range based on the allowable de-
viation ΔP, so that it is possible to suppress the variation
(change) in the suction pressure to fall within a given
range, thereby enabling comfortability in air-conditioning,
and so forth to be enhanced. Further, since it is possible
to prevent occurrence of an increase in losses, caused
by an excessively shortened duty period, a highly efficient
capacity-control operation can be realized. In addition,
an advantageous effect of realizing the capacity-control
in the wide range of 0 to 100% by use of a simple structure
can be obtained.
[0045] Thus, with the present embodiment of the in-
vention, it is possible to obtain a refrigerating cycle sys-
tem capable of realizing an operation control excellent in
efficiency even in an ultrasmall volume-operation mode,
and enhancing comfortability as well.

Second Embodiment

[0046]   Fig. 5 is a schematic block diagram of a refrig-
erating cycle system, showing a second embodiment of
the invention, representing the case where the present
invention is applied to the room air-conditioner as is the
case with the first embodiment. In Fig. 5, parts denoted
by like reference numerals shown in Fig. 1 are parts iden-
tical, or corresponding thereto. The second embodiment
differs from the first embodiment in that the suction pres-
sure sensor is removed, and a blow-out temperature sen-
sor 24, in place of the suction pressure sensor, is installed
in the vicinity of the outlet of a ventilation passage of the
indoor heat exchanger 4, thereby enabling a blow-out
temperature to be detected by the blow-out temperature
sensor 24.
[0047] In the case of executing control by use of the
capacity-adjustment mechanism for small-capacity con-
trol, upon the PWM control signal being turned ON (that
is, the solenoid valve 12 is in the open state), an evapo-
rating pressure rises, while upon the PWM control signal
being turned OFF (that is, the solenoid valve 12 is in the
closed state), the evaporating pressure falls. At this point
in time, an evaporation temperature as well undergoes
variation (change), and a heat exchange amount in an
evaporator undergoes variation (change), so that a re-
frigerating cycle undergoes variation  (change), thereby
causing occurrence of variation (change) in the blow-out
temperature, and a refrigeration capacity. For this rea-
son, variation (change) in the evaporation temperature
can be estimated on the basis of the temperature of an
evaporator-side heat exchanger (the indoor heat ex-
changer 4 at the time of the cooling operation, and an
outdoor heat exchanger 2 at the time of the heating op-
eration) and the blow-out temperature of the indoor heat
exchanger 4, measured by the blow-out temperature
sensor 24.
[0048] Referring to Fig. 6, there is described hereinaf-
ter a compressor rotational-speed control routine in the
case of the refrigerating cycle system according to the
second embodiment of the invention. As for the rotational
speed of a compressor 1, the room air temperature Teain
detected by the indoor temperature sensor 16 provided
in the vicinity of the inlet of the ventilation passage of the
indoor heat exchanger 4, as previously described, is read
(step 31), the difference ΔTeain from the set temperature
(the room air temperature target value) Tea*in set by the
remote controller is found (step 32), and the rotational
speed of the compressor 1 is rendered variable according
to the difference ΔTeain by the agency of the inverter 18
(steps 33, 34). In this case, the control is executed such
that the smaller the difference between the set  temper-
ature and the room air temperature as detected be-
comes, the smaller the compressor rotational speed fz
becomes.
[0049] In step 35, if the compressor rotational speed
fz becomes smaller than a rotational speed fzopt at the
time of starting the capacity-control operation, the com-
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pressor rotational speed is fixed to fzopt, and an initial
duty ratio decided from a difference between the room
air temperature and the room air temperature target value
is determined (steps 36, 37), thereby executing the PWM
capacity-control operation for turning the solenoid valve
12 ON/OFF. At this point in time, upon the PWM control
signal being turned ON, a controller timer as well is turned
ON, thereby starting to count elapsed-time τ1. Further,
measurement on an evaporator-side heat exchanger
temperature Tev0, by use of the heat exchanger temper-
ature sensor on the evaporator-side (reference numeral
14, or 15), is started (step 61). Further, an allowable de-
viation ΔTev is worked out according to a table for holding
the evaporator-side heat exchanger temperature Tev0
at the time of starting the measurement, and a blow-out
temperature Teaout of the indoor heat exchanger 4, de-
tected by the blow-out temperature sensor 24, as preset
controlled parameters (step 62). The PWM control signal
remains in the ON state until a measured evaporator-
side heat exchanger temperature Tev exceeds the allow-
able deviation  ΔTev, as compared with the evaporator-
side heat exchanger temperature Tev0 before the PWM
control signal is turned ON, and the measurement on the
evaporator-side heat exchanger temperature Tev is re-
peated (steps 63 to 65). If a difference between the meas-
ured evaporator-side heat exchanger temperature Tev
and the initial evaporator-side heat exchanger tempera-
ture Tev0 exceeds the allowable deviation ΔTev, the
PWM control signal is turned OFF, and the solenoid valve
12 will be in the closed state, whereupon the timer will
be turned OFF, completing counting of the elapsed time,
and τ1 is determined as open time. On the basis of τ1,
and the present duty ratio d, closed time τ2 is determined,
and the PWM capacity-control operation based on this
duty period is performed (steps 66, 67).
[0050] Meanwhile, the opening-control of an expan-
sion valve 3 is executed according to the same routine
as the expansion-valve opening control routine executed
in the first embodiment, as shown in Fig. 4.
With the present embodiment, variation (change) in the
suction pressure, due to the opening/closing of the sole-
noid valve 12, can be decided so as to fall within a range
based on the allowable deviation ΔTev, so that if the al-
lowable deviation ΔTev is set within an appropriate range,
it becomes  possible to suppress the variation (change)
in the suction pressure to be within a given range even
without the pressure sensor for measuring the evaporat-
ing pressure (the suction pressure sensor), so that it is
possible to realize a refrigerating cycle system that can
be manufactured at a lower cost, and can execute a ca-
pacity-control operation not only excellent in air-condi-
tioning properties, but also high in efficiency.

Third Embodiment

[0051] Fig. 7 is a schematic block diagram of a refrig-
erating cycle system, showing a third embodiment of the
invention, representing the case where the present in-

vention is applied to the room air-conditioner, as is the
case with the first embodiment and the second embodi-
ment, respectively. In Fig. 7, parts denoted by like refer-
ence numerals shown in Fig. 1 and Fig. 5, respectively
are parts identical or corresponding thereto. The third
embodiment differs from the first embodiment, and the
second embodiment, respectively, in that the suction
pressure sensor 23, as shown in the first embodiment,
and the blow-out temperature sensor 24 installed in the
vicinity of the outlet of the ventilation passage of the in-
door heat exchanger 4, as shown in the second embod-
iment, are removed.
[0052] In the case of executing the control by use of
the capacity-adjustment mechanism for effecting the
small-capacity control, upon the PWM control signal be-
ing turned ON (that is, the solenoid valve 12 is in the open
state), an evaporating pressure rises, while upon the
PWM control signal being turned OFF (that is, the sole-
noid valve 12 is in the closed state), the evaporating pres-
sure falls. At this point in time, an evaporation tempera-
ture as well undergoes change, and a heat exchange
amount in an evaporator undergoes change, so that a
refrigerating cycle undergoes change , thereby causing
occurrence of change in the blow-out temperature, and
a refrigeration capacity. For this reason, change in the
evaporation temperature is estimated by measuring the
temperature of an evaporator-side heat exchanger (an
indoor heat exchanger 4 at the time of the cooling oper-
ation, and an outdoor heat exchanger 2 at the time of the
heating operation), whereupon the control can be exe-
cuted.
[0053] At the time of a normal operation, the evapora-
tor-side heat exchanger is operated so as to effect the
discharge superheat control such that a suction super-
heat at the outlet thereof is rendered nearly zero, that is,
dryness 1, as previously described. As dryness at the
inlet of the  evaporator-side heat exchanger is normally
in a range of about 0.1 to 0.3, the evaporator-side heat
exchanger has a distribution such that dryness gradually
increases from the inlet toward the outlet inside the heat
exchanger. At the time of the capacity-control operation,
a circulation amount of the refrigerant decreases, and an
amount of the refrigerant flowing out of the evaporator-
side heat exchanger will decrease against an amount of
the refrigerant flowing into the evaporator-side heat ex-
changer, so that the evaporating pressure rises, and the
evaporation temperature rises, however, a liquid refrig-
erant undergoes phase change from a liquid phase to a
gas phase, and dryness gradually increases. According-
ly, inside the evaporator-side heat exchanger, the refrig-
erant gradually becomes drier starting from the outlet
side of the heat exchanger, a heat exchange amount
becomes extremely smaller starting from a point closer
to the outlet side. If the heat-exchanger temperature sen-
sor (the reference numeral 14, or 15) is installed in the
vicinity of the center of the relevant heat-exchanger, the
evaporator-side heat exchanger temperature (the evap-
orator temperature) Tev measured by the sensor will be-
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have as shown in Fig. 8. More specifically, if the PWM
control signal is turned ON, the evaporator temperature
Tev will gently rises, and the heat exchanger gradually
becomes drier starting from the outlet side thereof, so
that as the  neighborhood of an installation position of
the heat-exchanger temperature sensor (the reference
numeral 14, or 15) becomes drier, a measured temper-
ature abruptly rises. For this reason, a dryness distribu-
tion inside the evaporator can be grasped on the basis
of a temperature measurement position inside the evap-
orator-side heat exchanger. Accordingly, if timing for
turning the PWM control signal OFF is determined as
when the allowable deviation ΔTev of the evaporator tem-
perature is at a value after the occurrence of an abrupt
increase in temperature, this will enable the duty period
T to be decided according to a degree of dryness at the
temperature measurement position.
[0054] With the present embodiment, an installation
position of the heat-exchanger temperature sensor (the
reference numeral 14, or 15) is in the vicinity of the center
of the heat exchanger, however, the installation position
is preferably selected as appropriate so as to be in a
range where change in the air-conditioning capacity is
adequately permissible.
[0055] A compressor rotational-speed control routine
in the case of the refrigerating cycle system according to
the third embodiment of the invention is described with
reference to Fig. 9. As for the rotational speed of a com-
pressor 1, a room air  temperature Teain detected by the
indoor temperature sensor 16 provided in the vicinity of
the inlet of the ventilation passage of the indoor heat ex-
changer 4, as previously described, is read (step 31), a
difference ΔTeain from the set temperature (the room air
temperature target value) Tea*in set by the remote con-
troller is found (step 32), and the rotational speed of the
compressor 1 is rendered variable according to the dif-
ference ΔTeain by the agency of the inverter 18 (steps
33, 34). In this case, the control is executed such that
the smaller the difference between the set temperature
and the room air temperature as detected becomes, the
smaller the compressor rotational speed fz becomes.
[0056] In step 35, if the compressor rotational speed
fz becomes smaller than a rotational speed fzopt at the
time of starting the capacity-control operation, the com-
pressor rotational speed is fixed to fzopt, deciding an in-
itial duty ratio determined from a difference between the
room air temperature and the room air temperature target
value (steps 36, 37), whereupon the PWM capacity-con-
trol operation for turning the solenoid valve 12 ON/OFF
is performed. At this point in time, as the PWM control
signal is turned ON, a controller timer is concurrently
turned ON, thereby starting to count elapsed-time τ1.
Further, measurement of an evaporator-side heat ex-
changer  temperature (evaporator temperature) Tev0, by
use of the evaporator-side heat exchanger (reference
numeral 14, or 15), is started (step 61). Further, an al-
lowable deviation ΔTev is worked out according to a table
for holding the evaporator-side heat exchanger temper-

ature Tev0 at the time of starting the measurement, and
an air temperature Tai, or Tao, measured by an indoor
temperature sensor 16, or an outdoor temperature sen-
sor 17, provided in the vicinity of the inlet of a ventilation
passage of the indoor heat exchanger 4, or the outdoor
heat exchanger 2, serving as the evaporator, respective-
ly, as preset controlled parameters.
This allowable deviation ΔTev is set to such a value as
reached after the occurrence of an abrupt rise in temper-
ature due to the heat exchanger being dried (dryness of
the refrigerant becoming greater) at a temperature meas-
urement position where the heat-exchanger temperature
sensor 14, or 15 is installed (step 68). The PWM control
signal remains in the ON state until a measured evapo-
rator-side heat exchanger temperature Tev exceeds the
allowable deviation ΔTev, as compared with the evapo-
rator-side heat exchanger temperature Tev0 before the
PWM control signal is turned ON, and a measurement
on the evaporator-side heat exchanger temperature Tev
is repeated (steps 63 to 65). If a difference between the
measured evaporator-side heat exchanger temperature
Tev and  the initial evaporator-side heat exchanger tem-
perature Tev0 exceeds the allowable deviation ΔTev, the
PWM control signal is turned OFF, and the solenoid valve
12 will be in the closed state, whereupon the timer will
be turned OFF, completing counting of the elapsed-time
is, and τ1 is decided as opening time. On the basis of τ1,
and the present duty ratio d, closing time τ2 is decided,
and the PWM capacity-control operation based on this
duty period is performed (steps 66, 67).
[0057] Meanwhile, the opening-control of an expan-
sion valve 3 is executed according to the same routine
as the expansion-valve opening control routine executed
in the first embodiment, as shown in Fig. 4.
With the present embodiment, change in the suction
pressure (the evaporating pressure), due to the opening/
closing of the solenoid valve 12, can be decided so as
to fall within a range based on the allowable deviation
ΔTev, so that if the allowable deviation ΔTev is set within
an appropriate range, it becomes possible to suppress
the change in the suction pressure to be within a given
range even without the suction pressure sensor 23 for
measuring the evaporating pressure (refer to Fig, 1), and
the blow-out temperature sensor 24 (refer to Fig. 5) for
measuring the blow-out temperature of air into a room,
so that it is possible to realize a  refrigerating cycle system
that can be manufactured at a still lower cost, and can
execute a capacity-control operation not only excellent
in air-conditioning properties, but also high in efficiency.
[0058] Next, there is described hereinafter an example
of the capacity-control compressor used in the refriger-
ating cycle system according to the respective embodi-
ments of the invention. Fig. 10 is a longitudinal sectional
view showing a scroll compressor as an example of the
capacity-control compressor used in the present inven-
tion, Fig. 11 an expanded sectional view of the principal
part of the scroll compressor shown in Fig. 10, for de-
scribing a refrigerant gas flow at the time of a normal
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operation (at the time of an operation mode when the
solenoid valve 12 of the capacity-adjustment mechanism
is a closed state), and Fig. 12 an expanded sectional
view of the principal part of the scroll compressor shown
in Fig. 10, for describing a refrigerant gas flow at the time
of a bypass operation (at the time of an operation mode
when the solenoid valve 12 of the capacity-adjustment
mechanism is in an open state).
[0059] A scroll compressor 1 is provided with a sealed
chamber 115, having a suction pipe 113 for taking in a
refrigerant gas, and a discharge pipe 114 for discharging
a depressed refrigerant gas, the closed casing 115 in-
corporating a compression mechanism part comprised
of a fixed scroll 102 having a spiral lap, and a orbiting
scroll 101 having such a spiral lap as to be engaged with
the spiral lap of the fixed scroll 102. Further, a motor 100
comprised of a rotor 100a, and a stator 100b is provided
below the compression mechanism part, and a crank-
shaft 106 serving as a rotational main shaft is integrally
linked with the rotor 100a. The crankshaft 106 is rotatively
supported by a main bearing 105a provided in a frame
105, and a secondary bearing 112 provided in a lower
frame 111 in a lower part inside the closed casing 115.
A sliding bearing 130 is provided on a back face of the
orbiting scroll 101, and an eccentric part 106a provided
on the upper end side of the crankshaft 106 is inserted
in the sliding bearing 130. Reference numeral 107 de-
notes an Oldham coupling ring (a rotation-preventive
member), and upon the crankshaft 106 being rotated,
the orbiting scroll 101 is set in a swing motion by the
agency of this Oldham coupling ring 107 without under-
going rotation, thereby compressing the refrigerant gas
taken in from the suction pipe 113.
[0060] The spiral laps provided on the respective end
plates of the orbiting scroll 101, and the fixed scroll 102
are made  up to form asymmetrical laps in which respec-
tive winding angles of the spiral laps differ from each
other, so that respective compression chamber formed
on the external line side, and the inner line side of the
orbiting scroll lap by engaging the orbiting scroll 101 with
the fixed scroll 102 are in the shape of an asymmetrical
scroll where the two compression chambers differ in max-
imum stroke volume from each other.
[0061] That is, the respective spiral laps formed by re-
spective involute curves of the orbiting scroll 101, and
the fixed scroll 102 are engaged with each other, and the
respective compression chamber are formed on the outer
line side of the lap on the end side of the orbiting scroll
101, and the inner line side of the lap on the winding end
side thereof. However, the compression chamber formed
on the outer line side differs in size from the compression
room formed on the inner line side, and these compres-
sion chambers each are formed in such a way as to be
out of phase with the axial rotation of the crankshaft by
about 180 degrees.
[0062] More specifically, a discharge port 108 is open
near the center of the fixed scroll 102, and the end of the
spiral lap thereof, on the inner line side, is extended about

180 degrees up to the vicinity of the end of the orbiting
scroll 101.  Accordingly, when the respective laps of the
orbiting scroll 101, and the fixed scroll 102, are combined
with each other to form the compression rooms, a first
compression room formed due to confinement with the
outer line side of the spiral lap of the orbiting scroll 101,
and the inner line side of the spiral lap of the fixed scroll
102 differs in size from a second compression room
formed due to confinement with the inner line side of the
spiral lap of the orbiting scroll 101, and the outer line side
of the spiral lap of the fixed scroll 102, so that the first
compression room, and the second compression room
are formed in such a way as to be out of phase with the
axial rotation of the crankshaft by about 180 degrees.
[0063] Further, with the scroll compressor, a release
port 125 communicating with the compression room is
formed on the outer peripheral side of the discharge port
108, and the release port 125 is provided with a release
valve 124 serving as an excessive-compression relief
valve. A discharge head cover 118 attached to a top plate
(an end plate top-face) of the fixed scroll 102 covers both
the discharge port 108, and the release valve 12, to there-
by form a discharge head space 123, and further, the
discharge head cover 118 is provided with a discharge
valve 121 functioning as a check valve for opening/clos-
ing a through-hole 119 formed at a predetermined  loca-
tion.
[0064] The bypass piping 11 is for use in guiding the
refrigerant gas in the discharge head space 123 to out-
side the closed casing 115, and one end of the bypass
piping 11 is connected to the discharge head cover 118,
the bypass piping 11 being extended through the closed
casing 115 before the other end thereof is drawn out of
the closed casing 115. The other end of the bypass piping
11 is connected with the suction pipe 113 for taking in
the refrigerant gas, and further, the bypass piping 11 is
provided with a solenoid valve 12 at some midpoint on
its way from the closed casing 115. The solenoid valve
12 is made up so as to be drive-controlled in the open
state, or the closed state by the agency of the pulse width
modulation (PWM) control signal as described in the re-
spective embodiments.
[0065] The discharge head cover 118, the bypass pip-
ing 11, and a solenoid valve 12 form a bypass flow path
for guiding the refrigerant gas in the discharge head
space 123 from the bypass piping 11 to the suction pipe
113 when the solenoid valve 12 is turned into the open
state. Further, at the time of the ultrasmall volume-oper-
ation mode, the solenoid valve 12 is caused to make a
repetitive action so as to be in either the opening state,
or the closing state to repeat use/non-use of  the bypass
flow path, thereby putting the capacity-adjustment mech-
anism for the small-capacity-control at work.
[0066] The suction pipe 113 for taking in the refrigerant
gas in the refrigerating cycle is connected with the fixed
scroll 102. A portion of the interior of the closed casing
115, on the lower end side of the crankshaft 106, is an
oil reservoir 116. Further, a flywheel for 117 for stabilizing
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rotation is provided at a part of the crankshaft 106, be-
tween the rotor 100a and the rotor 100a and the second-
ary bearing 112.
[0067] Oil supplied from the oil reservoir 116 is guided,
through the sliding bearing 130 provided around the ec-
centric part 106a of the crankshaft 106, to a back-pres-
sure (an intermediate) chamber 109 formed by the fixed
scroll 102, the orbiting scroll 101, and the frame 105. The
back pressure chamber 109 is made up such that if the
refrigerant gas in the oil is foamed, causing a rise in pres-
sure, a control valve (not shown) will let a rising pressure
escape to a suction side part thereof to thereby retain a
predetermined pressure level. The suction side part is
communicated with a fixed outer peripheral groove pro-
vided on the outer periphery of the fixed scroll 102, how-
ever, since the fixed outer peripheral groove is commu-
nicated with a suction inlet of the refrigerant gas, the  in-
terior of the fixed outer peripheral groove is constantly at
the suction pressure. In the orbiting scroll 101, the dis-
charge pressure acts on the central part thereof, and an
intermediate pressure acts on a part thereof, on the outer
peripheral side. For this reason, the orbiting scroll 101 is
pressed against the fixed scroll 102 at PWM control signal
an adequate pressure, so that sealing between scroll laps
can be maintained.
[0068] In the case of this scroll compressor, a refriger-
ant gas compressed in the compression room is at a pres-
sure higher than a pressure inside the discharge head
space 123, or equal thereto, the refrigerant gas is dis-
charged into the discharge head space 123 via the a
release port 125 and the release valve 124. If the refrig-
erant gas is at a pressure less than the pressure inside
the discharge head space 123, the release valve 12 is
closed, the refrigerant gas is discharged from the dis-
charge port 108 into the discharge head space 123, and
the refrigerant gas is further discharged into a discharge
room 103 by pushing the discharge valve 121 away from
the through-hole 119. The refrigerant gas discharged into
the discharge chamber 103 passes through a passage
formed among the fixed scroll 102, the frame 105, and
the closed casing 115 to flow into a discharge space 104
where the motor 100 is provided to be subsequently  dis-
charged into the refrigerating cycle via the discharge pipe
114. Accordingly, the scroll compressor has a high-pres-
sure chamber structure where a space inside the closed
casing 115 is at the discharge pressure.
[0069] Installed outside the scroll compressor 1 are an
inverter 18 as a motor drive circuit for driving a motor
100, a solenoid drive circuit 12a for generating a pulse-
width modulation control signal for drive-control of an
open state, and a closed state of the solenoid valve 12,
and a controller 20 as an operation-instruction control
means for controlling the respective actions of the invert-
er 18, and the solenoid drive circuit 12a.
[0070] A compression operation of this scroll compres-
sor is divided into a first operation mode with the solenoid
valve 12 in the closed state and a second operation mode
with the solenoid valve 12 in the open state. Fig. 11 shows

a flow of a refrigerant gas in the first operation mode
when the solenoid valve 12 of a capacity-adjustment
mechanism provided in the scroll compressor is in the
closed state.
[0071] In the first operation mode, the solenoid drive
circuit 12a turns the solenoid valve 12 into the closed
state in a cycle  τ2 during a HIGH to LOW transition of a
rectangular wave of the pulse-width modulation control
signal, and the inverter 18 drives the motor 100 to thereby
rotate the rotor 100a, and the crankshaft 106. In conse-
quence, the orbiting scroll 101 starts a swing motion. This
action causes the first compression room, and the sec-
ond compression room, formed due to the engagement
of respective spiral parts of the orbiting scroll 101 and
the fixed scroll 102, with each other, to move toward the
center while respective internal volumes are reduced.
[0072] Thereby, the refrigerant gas flowing from the
suction pipe 113 is compressed by the first compression
room, and the second compression chamber, respec-
tively, whereupon a high-pressure refrigerant gas is dis-
charged from the discharge port 108 formed in the fixed
scroll 102 into the discharge head space 123. In the proc-
ess of this compression, if a pressure in the compression
chamber becomes higher than the pressure in the dis-
charge head space 123, the high-pressure refrigerant
gas is discharged into the discharge head space 123 via
the release port 125, and the release valve 124, as pre-
viously described.
[0073] Further, the release valve 124 indicates a valve
plate  fitted to the tip of a coil spring 127 attached to a
part of a presser part 126, on the tip side thereof, how-
ever, a release valve mechanism in whole, including the
presser part 126, and the coil spring 127, is occasionally
referred to as a release valve.
[0074] When a refrigerant gas pressure of the dis-
charge head space 123 becomes slightly higher than the
discharge pressure to be higher than the pressure of the
discharge room (chamber) 103, the discharge valve 121
covering the through-hole 119 in the discharge head cov-
er 118 is pushed to open, thereby causing the refrigerant
gas to be discharged into the discharge room (chamber)
103.
[0075] In the first operation mode, the solenoid valve
12 is set in the closed state, thereby causing the refrig-
erant gas to flow toward the refrigerating cycle without
use of the bypass piping 11. Therefore, the first operation
mode may be called a load-operation.
[0076] Fig. 12 shows a flow of the refrigerant gas in
the second operation mode when the solenoid valve 12
of the capacity-adjustment mechanism provided in the
scroll compressor is in the open state.
[0077] In the second operation mode, the solenoid
drive circuit 12a turns the solenoid valve 12 into the open
state in a cycle τ1 during a LOW to HIGH transition of
the rectangular wave of the pulse-width modulation con-
trol signal, and the inverter 18 drives the motor 100 to
thereby rotate the rotor 100a, and the crankshaft 106. In
consequence, the orbiting scroll 101 starts a swing mo-
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tion. This action causes the first compression room, and
the second compression room, formed due to the en-
gagement of the respective spiral parts of the orbiting
scroll 101 and the fixed scroll 102, with each other, to
move toward the center while the respective internal vol-
umes are reduced.
[0078] In the second operation mode, since the sole-
noid valve 12 is in the open state, the refrigerant gas in
the discharge head space 123 flows into the suction pipe
113 via the bypass piping 11 for connecting he discharge
head space 123 to the suction pipe 113. Accordingly, a
pressure inside the discharge head space 123 falls down
to a suction pressure substantially at a level slightly high-
er the suction pressure.
[0079] For this reason, the pressure of the discharge
head space 123 is lower than the pressure of the dis-
charge chamber 103,  and the discharge valve 121 cov-
ering the through-hole 119 in the discharge head cover
118 is closed, so that the refrigerant gas is not discharged
into the discharge chamber 103. In the state of the second
operation mode, when the refrigerant gas taken into the
suction pipe 113 is compressed by the first compression
chamber, and the second compression chamber, re-
spectively, the refrigerant gas will be at a pressure higher
than the pressure in the discharge head space 123, so
that the refrigerant gas is discharged into the discharge
head space 123 via the release port 125 and the release
valve 124. Further, the refrigerant gas moved further to-
ward the center side of the release port 125, in the com-
pression chamber, is discharged the discharge port 108
into the discharge head space 123. The refrigerant gas
discharged into the discharge head space 123 passes
through the bypass piping 11, and the solenoid valve 12
in the open state before flowing into the suction pipe 113.
[0080] In the second operation mode, the solenoid
valve 12 is set in the open state, and the refrigerant gas
from the bypass piping 11 is returned to the suction pipe
113, without discharging the refrigerant gas toward the
refrigerating cycle. Therefore, the second operation
mode may be called an unload-operation.
[0081]   The release port 125 and the release valve
124 each are preferably installed at such a position as
to enable communication with compression chambers in
all rotation angle regions. The reason is because internal
compression within the scroll lap can be avoided in this
way, and a compression action in the unload-operation
can be reduced.
[0082] With the scroll compressor according to the first
embodiment of the invention, the motor 100 is driven by
the inverter 18, and switchover is made between the load
operation (the first operation mode) whereby the solenoid
valve 12 is turned into the closed state in the cycle τ2
during the HIGH to LOW transition of the rectangular
wave of the pulse-width modulation control signal, and
the unload operation (the second operation mod) where-
by the solenoid valve 12 is turned into the open state in
the cycle τ1 during the LOW to HIGH transition of the
rectangular wave, thereby enabling a capacity-control to

be performed.
[0083] Even at the time of a high-speed operation
mode when the scroll compressor is operated at a rela-
tively high-speed, the capacity-control is enabled by the
opening/closing of the solenoid valve, however, in a ro-
tation range of from a high-speed rotation to a predeter-
mined set value slightly  higher than the low limit set value
of the motor rotational speed by motor-driving, control of
the rotational speed of the motor 100 is executed by the
inverter 18, while in the case where it is necessary to
further reduce the capacity in a low-speed rotation range
lower than the predetermined set value, the capacity-
adjustment mechanism (for controlling the opening/clos-
ing of a bypass passage by use of the solenoid valve 12)
for executing a small-capacity control is preferably set in
motion to operate in the ultrasmall-capacity operation
mode by changing a ratio of the load-operation to the
unload-operation.
[0084] With the scroll compressor provided with the
capacity-adjustment mechanism, the small-capacity
control can be efficiently carried out by the capacity-ad-
justment mechanism simple in structure even at the time
of the ultrasmall-capacity operation mode. More specif-
ically, it becomes possible to implement the compression
action at the ultrasmall-capacity control (the ultrasmall-
capacity operation mode) corresponding to the case of
the ultra-low speed operation executed at not higher than
the low-limit set value of the motor rotational speed (in
the drive signal to the motor, the frequency is on the order
of 5Hz) without deteriorating efficiency in motor driving,
so that an  excellent scroll compressor capable of real-
izing the capacity-control in the wide range of 0 to 100%
can be obtained. Furthermore, since the capacity-adjust-
ment mechanism provided in the scroll compressor ac-
cording to the present embodiment is simple in structure,
reduction in cost, miniaturization, reduction in weight, and
mass-production can be easily realized with respect to
the scroll compressor.
[0085] As described in the foregoing, with the refriger-
ating cycle system according to the present embodiment,
the duty period as a cycle of a switchover time between
the load-operation and the unload-operation is controlled
such that the deviation of the evaporating pressure falls
within a given value, and a rise as well as change of the
suction pressure can therefore be controlled within a
threshold value, thereby enabling comfortablity such as
suitable air conditioning, and so forth to be enhanced.
Further, with the present embodiment, the losses due to
an excessively shortened duty period can be prevented,
so that it is possible to realize a high-performance refrig-
erating cycle system capable of implementing an oper-
ation high in efficiency, and a highly efficient capacity-
control in a wide range of 0 to 100%. Further, with the
present embodiment, since the highly efficient capacity-
control in the wide range can be  implemented, reduction
in cost is enabled. List of Reference Signs
[0086]
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1: compressor 1,

2: outdoor heat exchanger,

3: expansion valve,

4: indoor heat exchanger,

5: four-way valve,

7: high-pressure side connection pipe,

8: outdoor connection pipe,

9: indoor connection pipe,

10: low-pressure side connection pipe,

11: bypass pipe (bypass flow path),

12: solenoid valve, 12a; solenoid drive circuit,

13: discharge-temperature sensor,

14: indoor heat-exchanger temperature sensor,

15: outdoor heat-exchanger temperature sensor,

16: indoor temperature sensor,

17: outdoor temperature sensor,

18: inverter,

19: commercial AC power supply source,

20: controller, 21: outdoor fan, 22: indoor fan,

23: suction pressure sensor,

24: blow-out temperature sensor,

100: motor (100a: rotor, 100b: stator),

101: orbiting scroll 101, 102: fixed scroll,

103: discharge chamber, 104: discharge space,

105: frame, 105a: main bearing,

106: crankshaft, 16a: eccentric part,

107: Oldham coupling ring, 18: discharge port,

109: back-pressure chamber (intermediate cham-
ber),

111: lower frame, 112: secondary bearing,

113: suction pipe, 114: discharge pipe,

115: closed casing, 116: oil reservoir,

117: flywheel, 118: discharge head cover,

119: through-hole, 121: discharge valve,

123: discharge head space, 124: release valve,

125: release port, 126: presser part, 127: coil spring,
and

130: sliding bearing

Claims

1. A refrigerating cycle system provided with a com-
pressor, an outdoor heat exchanger, an expansion
valve capable of controlling an opening thereof, and
an indoor heat exchanger, said refrigerating cycle
system comprising:

a bypass flow path for causing a refrigerant in
the middle of compression to bypass toward a
suction side of the compressor;
a solenoid valve for opening or closing the by-
pass flow path; and
a controller for controlling open (ON) state time
of the solenoid valve, and closed (OFF) state
time thereof to adjust a flow rate of a refrigerant
discharged from the compressor into a refriger-
ating cycle, thereby executing a capacity-con-
trol,
wherein the controller executes a control on the
basis of a duty ratio that is a ratio of open time
of the solenoid valve against a duty period rep-
resenting the sum of the open time of the sole-
noid valve, and closed time thereof, and further,
if a pressure on the suction side of the compres-
sor when the solenoid valve is in the ON state
is higher than a suction pressure before the so-
lenoid valve is in the ON state by a allowable
deviation, the controller controls the solenoid
valve so as to be in the closed state, the closed
time being decided on the basis of the duty pe-
riod.

2. The refrigerating cycle system according to claim 1,
wherein the duty period is decided on the basis of a
difference between a room air temperature and a
room air temperature target value as set.

3. The refrigerating cycle system according to claim 1,
wherein the controller controls the opening of the
expansion valve such that a discharge refrigerant
temperature of a refrigerant discharged from the
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compressor approaches a target discharge temper-
ature.

4. The refrigerating cycle system according to claim 3,
wherein when the solenoid valve is controlled so as
to be in the closed-state, the target discharge tem-
perature is decided on the basis of a temperature
(an evaporation temperature) of the outdoor heat-
exchanger, an outdoor air temperature, a rotational
speed of the compressor, and a rotational speed
command value of an outdoor fan, when the solenoid
valve is controlled so as to be in the open-state, a
corrected compressor rotational speed is deter-
mined by multiplying a compressor rotational speed
at the time of starting opening/closing control of the
solenoid valve by a duty ratio at that point in time,
and the target discharge temperature is decided on
the basis of the corrected compressor rotational
speed, the  temperature (the evaporation tempera-
ture) of the outdoor heat-exchanger temperature
sensor, the outdoor air temperature, and the rota-
tional speed command value of the outdoor fan.

5. The refrigerating cycle system according to claim 1,
wherein a pressure on the suction side of the com-
pressor is detected by a suction pressure sensor pro-
vided on the suction side of the compressor.

6. The refrigerating cycle system according to claim 1,
wherein for a pressure on the suction side of the
compressor to become higher than a suction pres-
sure Ps0 before the solenoid valve is turned into the
open state by a preset allowable deviation ΔP is de-
termined by estimating variation (change) in suction
pressure on the basis of a temperature Tev0 of the
indoor heat-exchanger or the outdoor heat-exchang-
er, serving as the evaporator, and a blow-out tem-
perature of the indoor heat exchanger.

7. The refrigerating cycle system according to claim 1,
wherein a temperature sensor for detecting a tem-
perature in the vicinity of the center of the indoor
heat-exchanger or the outdoor heat-exchanger,
serving as the evaporator, is provided, and variation
(change) in an evaporating pressure is estimated on
the basis of a temperature detected by the temper-
ature sensor, thereby determining that a pressure
on the  suction side of the compressor becomes high-
er than a suction pressure Ps0 before the solenoid
valve is turned into the open state by a preset allow-
able deviation ΔP.

8. A refrigerating cycle system provided with a com-
pressor, an outdoor heat exchanger, an expansion
valve capable of controlling an opening thereof, and
an indoor heat exchanger, said refrigerating cycle
system comprising:

a bypass flow path for causing a refrigerant in
the middle of compression to bypass toward a
suction side of the compressor;
a solenoid valve for opening or closing the by-
pass flow path; and
a controller for controlling open (ON) state time
of the solenoid valve, and closed (OFF) state
time thereof to adjust a flow rate of a refrigerant
discharged from the compressor into a refriger-
ating cycle, thereby executing a capacity-con-
trol,
wherein the controller executes a control on the
basis of a duty ratio that is a ratio of open time
of the solenoid valve against a duty period rep-
resenting the sum of the open time of the sole-
noid valve, and closed time thereof, and further,
if an evaporator temperature of the indoor heat-
exchanger or the outdoor heat-exchanger (an
evaporator-side heat-exchanger), serving as
the evaporator, when the solenoid  valve is in
the ON state, becomes higher than an evapo-
rator temperature before the solenoid valve is in
the ON state by a allowable deviation, the con-
troller controls the solenoid valve so as to be in
the closed state, the closed time being decided
on the basis of the duty period.

9. The refrigerating cycle system according to claim 8,
wherein a blow-out temperature sensor is provided
in the vicinity of the outlet of a ventilation passage
of the indoor heat exchanger, and the allowable de-
viation ΔTev is worked out according to a table for
holding the evaporator temperature before the sole-
noid valve is in the ON state, and a blow-out tem-
perature Teaout of the indoor heat exchanger, de-
tected by the blow-out temperature sensor, as preset
controlled parameters.

10. The refrigerating cycle system according to claim 8,
further comprising an evaporator-temperature sen-
sor for detecting a temperature in the vicinity of the
center of evaporator-side heat exchanger, and a
temperature sensor provided in the vicinity of the in-
let of a ventilation passage of the indoor heat ex-
changer,
wherein the allowable deviation ΔTev is worked out
according to a table for holding an evaporator tem-
perature at the time of starting measurement, detect-
ed by the evaporator-temperature sensor, and an air
temperature  measured by the temperature sensor
provided in the vicinity of the inlet of a ventilation
passage of the evaporator-side heat exchanger, as
preset controlled parameters.

11. The refrigerating cycle system according to claim 8,
wherein the duty period is decided on the basis of a
difference between a room air temperature and a
room air temperature target value as set.
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12. The refrigerating cycle system according to claim 8,
wherein the controller controls the opening of the
expansion valve such that a discharge refrigerant
temperature of a refrigerant discharged from the
compressor approaches a target discharge temper-
ature.

13. The refrigerating cycle system according to claim 12,
wherein when the solenoid valve is controlled so as
to be in the closed-state, the target discharge tem-
perature is decided on the basis of a temperature
(an evaporation temperature) of the outdoor heat-
exchanger, an outdoor air temperature, a rotational
speed of the compressor, and a rotational speed
command value of an outdoor fan, when the solenoid
valve is controlled so as to be in the open-state, a
corrected compressor rotational speed is deter-
mined by multiplying a compressor rotational speed
at the time of starting opening/closing control of the
solenoid valve by a duty ratio at that point in time,
and the target discharge  temperature is decided on
the basis of the corrected compressor rotational
speed, the temperature (the evaporation tempera-
ture) of the outdoor heat-exchanger temperature
sensor, the outdoor air temperature, and the rota-
tional speed command value of the outdoor fan.

14. The refrigerating cycle system according to claim 1,
wherein the compressor is a scroll compressor in-
corporated in a closed casing, the scroll compressor
comprising a fixed scroll having a spiral body, and a
orbiting scroll having such a spiral body as to be en-
gaged with the spiral body of the fixed scroll to there-
by form compression chambers, and a discharge
port is formed around the center of the fixed scroll,
a release port connecting with the compression
chamber, together with a release valve for opening/
closing the release port, being formed on the outer
peripheral side of the discharge port.

15. The refrigerating cycle system according to claim 14,
wherein the bypass flow path is a bypass piping 11
connecting the release port provided in the scroll
compressor to a suction pipe provided on the suction
side of the scroll compressor, and the solenoid valve
12 is provided in the bypass piping.

16. The refrigerating cycle system according to claim 15,
wherein the scroll compressor is provided with a dis-
charge head cover attached to a top plate of the fixed
scroll, covering  both the discharge port, and the re-
lease valve to thereby form a discharge head space,
the discharge head cover is provided with both a
through-hole communicating with a discharge room
inside the closed casing, and a discharge valve for
opening/closing the through-hole, and the bypass
piping is provided in such a way as to connect the
discharge head space to the suction pipe while the

solenoid valve is driven to be controlled so as to be
in the open state, and the closed state by the agency
of a pulse width modulation (PWM) control signal.
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