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(54)  Air conditioner and method of controlling the same

(57)  Anairconditioner and a method of operating the
same are provided. The air conditioner may include a
plurality of compressors (100,100°,100”), each of which
may include a casing that stores oil therein, and an oil
level detecting device (102,102’,102”) that detects an oil
level within the casing. Once oil levels within each of the
plurality of compressors are detected, oil may be redis-

tributed between the plurality of compressors without in-
terrupting a normal operation of the air conditioner. Oil
may be transferred from a compressor having an oil level
greater than a desired amount to a compressor having
an oil level less than the desired amount. If there remains
a compressor that contains an insufficient amount of oil
after redistributing the oil among the plurality of compres-
sors, an oil collecting operation may be performed.
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Description
BACKGROUND OF THE INVENTION
1. Field of the invention

[0001] The present invention relates to an operating
method for an air conditioner.

2. Description of the related art

[0002] In general, a compressor is provided with a
drive motor for generating a driving force in the internal
space of a container, together with a compression unit
for compressing refrigerant while operating in combina-
tion with the drive motor. The compressor may be divided
into a reciprocating type, a scroll type, a rotary type, vi-
bration type, and the like, depending on how to compress
refrigerant. The reciprocating type, scroll type, and rotary
type are based on the method of using a rotary motion
of the drive motor, but the vibration type is based on the
method of using a reciprocating motion of the drive motor.
[0003] The drive motor of a compressor using a rotary
motion in the foregoing compressor is provided with a
crankshaft, thereby transferring a rotary motion of the
drive motor to the compression unit. For instance, the
drive motor of the rotary-type compressor (hereinafter,
referred to as "rotary compressor") may include a stator
fixed to the container, a rotor inserted in the stator with
a predetermined gap to rotate in interaction with the sta-
tor, a crankshaft combined with the rotor to transfer a
rotary motion of the rotor to the compression unit. In ad-
dition, the compression unit may include a compression
unit combined with the crankshaft to inhale, compress,
and discharge refrigerant while rotating inside a cylinder,
and a plurality of bearing members forming a compres-
sion space together with the cylinder while supporting
the compression unit.

[0004] In the compressor having the foregoing struc-
ture, compression is made while rotating the compres-
sion unit by a rotary motion generated by the driving unit,
and the compressor is provided with an oil supply means
for supplying oil to the compression unit and driving unit
thereof to facilitate the rotation of the compression unit
and easily dissipate heat generated during the process
of operating the driving unit. Such an oil supply means
is typically provided at a lower end portion of the crank-
shaft, and oil stored in a lower portion of the container is
pumped through an oil flow path formed inside the crank-
shaft by the rotation of the crankshaft and supplied to
each component inside the compressor.

[0005] In recent years, the use of a so-called system
air conditioner including a plurality of compressors and
a plurality of indoor units has been increased. In such a
system air conditioner, a pipe in which working fluid flows
is lengthened, and thus the amount of oil remaining inside
the system increases during the operation process. So,
it may be difficult to estimate when, where, how much oil

10

15

20

25

30

35

40

45

50

55

will remain, and accordingly, it becomes more difficult to
maintain the oil level inside each compressor in an ap-
propriate condition. As a result, the amount of oil stored
in the oil storage space may be irregularly, greatly varied
during the operation even though a suitable amount of
oil is supplied in the initial stage.

[0006] Due to this, it may be required to continuously
check the level of oil inside each compressor during the
operation. If it is checked that the level of oil is in an
appropriate condition, then an oil return operation for col-
lecting oil into the compressor will be carried out. Con-
ventionally, it is not easy to check the level of oil in each
compressor, and therefore, the oil return operation has
been carried out at a predetermined period of time re-
gardless of the actual level of ail. In this case, however,
it may not be effective because there is likelihood of for-
cibly performing the oil return operation even in case
where the level of oil is sufficient in actuality, and energy
may be consumed while not providing air cooling during
the oil return operation.

[0007] That is, the air conditioner cannot work as a
cooling or heating system while performing the oil return
operation, the short-intervaled oil return operation is in-
effective in the aspect of energy consumption and may
increase inconvenience

SUMMARY OF THE INVENTION

[0008] According to an aspect of the presentinvention,
the objectofthe inventionis to provide an operating meth-
od for an air conditioner with multiple compressors which
may minimize the time to perform the oil collection oper-
ation.

[0009] According to one embodiment, an operating
method may be provided for an air conditioner, which
may include a plurality of compressors, each of which
may include a casing that may store oil in an inner lower
portion thereof and an oil level detecting device that de-
tects the oil level within the casing; at least one first heat
exchanger that intakes a working fluid from the plurality
of compressors; at least one expansion unit; at least one
second heat exchanger, through which the working fluid
may pass after the first heat exchanger; a first suction
pipe, to which the working fluid flows from the first or
second heat exchanger; and a plurality of second suction
pipes, which may be branched out from the first suction
pipe and connected to each of the compressors. The
method may include detecting an oil level of each of the
compressors; distributing the oil in the compressor con-
taining oil over adesired level preset for each compressor
toward the compressor containing oil lower than a de-
sired level preset for each compressor via the first and
the second suction pipes without passing through the
first and the second heat exchanger; and performing an
oil collecting operation in a case in which there may be
a compressor containing oil lower than a desired level
preset for each compressor after performing the distrib-
uting.
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[0010] According to this embodiment, the oil may be
supplied to the compressors with a relatively lower oil
level from a compressor with a relatively higher oil level
without performing an oil collecting operation. Therefore,
it may be possible to supply oil to the compressor without
stopping normal operation of the air conditioner, which
may minimize a number of the oil collecting operations.
[0011] The distributing may be performed for a prede-
termined period or until all of the compressors have the
desired oil level. However, there may be a limit as to an
amount of time necessary to distribute the oil when there
is not enough oil in the compressors to fill each compres-
sor to a respective desired level preset for each com-
pressor with the oil from another compressor.

[0012] The oil collecting operation may be performed
prior to the distributing when a number of the compres-
sors containing oil lower than a desired level preset for
each compressor is more than a predetermined number.
For example, when there is not enough oil in the com-
pressors to fill each compressor to a desired level preset
for each compressor with the oil supply between the com-
pressors, the oil distributing process may be cancelled,
and then the oil collecting operation may proceed.
[0013] Further, a first oil return pipe may be included
that connects an inside of the casing of each compressor
to the first suction pipe, and the oil in the compressor
containing oil over a desired level preset for each com-
pressor may be supplied to the first suction pipe via the
first oil return pipe during the distributing. The oil supplied
to the first suction pipe may be distributed to each of the
compressors via the second suction pipe, and by per-
forming such steps repeatedly, the oil level in each of the
compressors may remain over a desired level preset for
each compressor.

[0014] Further, the first oil return pipe of the compres-
sor containing oil lower than a desired level preset for
each compressor may remain closed during the distrib-
uting. Accordingly, the oil level may be recovered quickly
to the desired level since the oil in the compressor con-
taining oil lower than a desired level preset for each com-
pressor may not be collected from the compressor.
[0015] Additionally, at least one oil separator with a
second oil return pipe that connects the oil separator and
the first suction pipe may be included, and the oil collect-
ed in the oil separator may be supplied to the first suction
pipe via the second oil return pipe. The oil separator may
separate and store the oil from the mixed working fluid
discharged from the compressors, and the oil in the oll
separator may be supplied to the compressors to in-
crease the oil level.

[0016] Here, the first oil return pipe may be further in-
cluded, and it may be possible to increase the oil supply
to the compressor by connecting both of oil separator
and first oil return pipe to the first suction pipe. Further,
additional oil storing devices, for example, an oil reser-
voir, may be included, and the oil collected from the com-
pressors may be distributed via the oil storing devices.
[0017] According to another embodiment, an operat-
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ing method is provided for an air conditioner including a
plurality of compressors, each of which may include a
casing that stores oil in on inner lower portion thereof,
and an oil level detecting device that detects the oil level
within the casing; at least one oil storage that stores the
oil from the compressors; at least one first heat exchang-
er that intakes a working fluid from the plurality of com-
pressors; atleast one expansion unit; at least one second
heat exchanger, through which the working fluid may
pass after the first heat exchanger; a first suction pipe,
to which the working fluid flows from the first or second
heat exchanger; and a plurality of second suction pipes
branched from the first suction pipe and connected to
each of the compressors. The method may include de-
tecting the oil level of each of the compressors and the
oil storage; supplying the oil in the oil storage or the com-
pressors containing oil over a desired level preset for
each compressor to the compressor containing oil lower
than a desired level preset for each compressor; and
performing an oil collecting operation when there is a
compressor containing oil lower than a desired level pre-
set for each compressor after performing the step of sup-
plying.

[0018] The method may further include performing the
oil collecting operation when a number of the compres-
sors containing oil lower than a desired level preset for
each compressor is over a predetermined number and
the oil level of the oil storage is lower than a desired level
for the oil storage.

[0019] Further, the oilinthe oil storage may be supplied
tothe compressor only when the oil level of the oil storage
is over the desired level for the oil storage. The oil storage
may also include at least one oil separator connected to
the compressors. Additionally, the supplying may be per-
formed for a predetermined period or until all of the com-
pressors have the desired oil level.

[0020] According to another embodiment, an operat-
ing method is provided for an air conditioner which may
include comprise atleast one compressor with an oil level
detecting device; an oil transferring device that transfers
oil among the at least one compressor; a plurality of heat
exchangers and an expansion unit that cooperate with
the at least one compressor. The method may include
detecting the oil level of each of the compressors; trans-
ferring the oil from the compressors with relatively higher
oillevel tothe compressors with a relatively lower oil level;
and performing an oil collecting operation when a number
of the compressors with the oil level lower than a desired
level preset for each compressor is greater than a pre-
determined number.

[0021] The method may further include performing the
oil collecting operation when a compressor containing oil
lower than a desired level preset for each compressor
still remains even after transferring the oil for a predeter-
mined time.

[0022] According to another embodiment, an operat-
ing method is provided for an air conditioner, which may
include atleast one compressor with an oil level detecting
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unit; at least one oil storage that may stores the oil from
the at least one compressor; an oil supplying device that
supplies the oil of the oil storage to the at least one com-
pressor; a plurality of heat exchangers and expansion
units that cooperate with the at least one compressor.
The method may include detecting the oil level of each
compressor and the oil storage; supplying the oil from a
compressor containing oil over a desired level preset for
each compressor or the oil storage toward a compressor
containing oil lower than a desired level preset for each
compressor; and performing an oil collecting operation
when a number of the compressors containing oil lower
than a desired level preset for each compressoris greater
than a predetermined number and the oil level of the oil
storage is lower than a desired level for the oil storage.
[0023] The method may further include supplying the
oil from the oil storage toward the compressor containing
oil lower than a desired level preset for each compressor
when the number of the compressors containing oil lower
than adesired level preset for each compressoris greater
than the predetermined number and the oil level of the
oil storage is over the desired level for the oil storage.
According to this embodiment, a number of oil collecting
operations may be minimized by circulating the oil in the
compressors among the other compressors.

[0024] According to another embodiment, there is pro-
vided an operating method for an air conditioner, the air
conditioner including a plurality of compressors, each of
which includes a casing that stores oil in an inner lower
portion thereof and an oil level detecting device that de-
tects an oil level in the casing; at least one first heat ex-
changer that intakes a working fluid from the plurality of
compressors; at least one expansion device; at least one
second heat exchanger, through which the working fluid
passes after passing through the at least one first heat
exchanger; afirst suction pipe, through which the working
fluid flows from the at least one first heat exchanger or
the at least one second heat exchanger; and a plurality
of second suction pipes branched from the first suction
pipe and then connected to each of the compressors,
wherein the method may include detecting an oil level of
each of the plurality of compressors; distributing oil in a
first compressor of the plurality of compressors contain-
ing oil over a first preset level for the first compressor
toward a second compressor of the plurality of compres-
sors containing oil lower than a second preset level for
the second compressor via the first and the second suc-
tion pipes without passing through the at least one first
exchanger and the at least one second heat exchanger
when a number of the plurality of compressors containing
oil lower than the preset level for the respective compres-
sor is less than or equal to a predetermined number; and
performing an oil collecting operation if there exists a
compressor containing oil lower than a preset level for
that compressor after performing the distributing or if the
number of the plurality of compressors containing oil low-
er than the preset level for the respective compressor is
greater than the predetermined number.
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[0025] The preset level of each of the plurality of com-
pressors may be allthe same or all different. Alternatively,
the preset level of at least two of the plurality of compres-
sors may be the same or different.

[0026] The distributing may be performed for a prede-
termined period of time, at predetermined time intervals,
or until all of the plurality of compressors have at least
the preset level for the respective compressor. Further,
each of the plurality of compressors may include a first
oil return pipe that connects the casing of the respective
compressor to the first suction pipe, and oil in the respec-
tive compressor containing oil over the preset level for
the respective compressor may be supplied to the first
suction pipe via the first oil return pipe during the distrib-
uting. Furthermore, the first oil return pipe connected to
a compressor containing oil lower than a preset level for
each compressor may remain closed during the distrib-
uting.

[0027] The air conditioner may further include at least
one oil separator having a second oil return pipe that
connects the oil separator and the first suction pipe, and
the oil collected in the oil separator may be supplied to
the first suction pipe via the second oil return pipe during
the step of distributing.

[0028] The at least one oil separator may receive a
mixture of oil and working fluid from at least one of the
plurality of compressors through an oil discharge pipe.
The at least one oil separator may also store the oil from
the plurality of compressors and, if the number of the
plurality of compressors containing oil lower than the pre-
set level for the respective compressor is greater than
the predetermined number, the method may further in-
clude detecting an oil level of the at least one oil sepa-
rator; if the oil level of the at least one oil separator is less
than a preset level for the at least one oil separator, per-
forming the oil collecting operation; and if the oil level of
the at least one oil separator is greater than or equal to
the preset level, opening a valve that allows the oil to flow
into the compressor containing oil lower than the preset
level for the respective compressor.

[0029] The air conditioner may further include a plu-
rality of oil separators, and wherein each of the plurality
of compressors may discharge a mixture of oil and work-
ing fluid to a respective one of the plurality of oil separa-
tors, wherein the distributing may include distributing the
oil stored in the at least one oil separator toward the sec-
ond compressor of the plurality of compressors contain-
ing oil lower than the second preset level for the second
compressor.

[0030] The air conditioner may further include a first
oil return pipe that connects the casing of each compres-
sor to the first suction pipe, and the oil in the respective
compressor containing oil over a desired level preset for
each compressor and the oil in the oil separator may be
supplied to the first suction pipe via the first and the sec-
ond oil return pipe during the distributing. Additionally,
the air conditioner may include at least one oil reservoir
that stores the oil from the plurality of compressors and
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if the number of the plurality of compressors containing
oil lower than the preset level for the respective compres-
sor is greater than the predetermined number, the meth-
od may further include detecting an oil level of the at least
one oil reservoir; if the oil level of the at least one reservoir
is less than a preset level for the at least one oil reservoir,
performing the oil collecting operation; and if the oil level
of the at least one reservoir is greater than or equal to
the preset level of the at least one oil reservoir, opening
a reservoir valve of the at least one reservoir as part of
the distributing.

[0031] Each of the plurality of compressors may in-
clude a first oil return pipe that connects the casing of
the respective compressor to the atleastone oil reservoir,
wherein oil in the respective compressor containing oil
over the preset level for the respective compressor may
be supplied to the at least one oil reservoir via the first
oil return pipe. The first oil return pipe connected to the
compressor containing oil lower than a preset level for
each compressor may remain closed during the distrib-
uting. The at least one oil reservoir may function as an
oil separator, wherein the oil separator may receive a
mixture of oil and working fluid from at least one of the
plurality of compressors through an oil discharge pipe.
[0032] An operating method for an air conditioner may
include a plurality of compressors, each having an oil
level detecting device, an oil transferring device that
transfers oil among the plurality of compressors; and a
plurality of heat exchangers and expansion devices that
cooperate with the plurality of compressors. The method
may further include detecting an oil level of each of the
plurality of compressors; transferring oil from at least one
compressor of the plurality of compressors with a rela-
tively higher oil level to at least one compressor of the
plurality of compressors with a relatively lower oil level
when a number of the plurality of compressors containing
oil lower than the preset level for the respective compres-
sor is less than or equal to a predetermined number; and
performing an oil collecting operation if a number of com-
pressors containing oil lower than a preset level for the
respective compressor is greater than a predetermined
number.

[0033] The method may further include performing the
oil collecting operation when a compressor containing oil
lower than the preset level is detected after transferring
the oil for a predetermined period of time, wherein the
transferring may include transferring the oil without pass-
ing through the plurality of heat exchangers and expan-
sion devices that cooperate with the plurality of compres-
sors, and closing an oil return pipe connected to the com-
pressor containing oil lower than the preset level for the
respective compressor during the transferring.

[0034] An operating method for an air conditioner may
include the air conditioner that includes a plurality of com-
pressors, each having an oil level detecting device, an
oil transferring device that transfers oil among the plural-
ity of compressors, and a plurality of heat exchangers
and expansion devices that cooperate with the plurality
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of compressors, the method including detecting an oil
level of each of the plurality of compressors; transferring
oil from at least one compressor of the plurality of com-
pressors with a relatively higher oil level to at least one
compressor of the plurality of compressors with a rela-
tively lower oil level when a number of the plurality of
compressors containing oil lower than the preset level
for the respective compressor is less than or equal to a
predetermined number; storing oil from at least one of
the plurality of compressors during a normal operation
of the air conditioner in at least one oil reservoir or at
least one oil separator; detecting an oil level of the at
least one oil reservoir or the at least one oil separator
when the number of compressors containing oil lower
than the preset level for the respective compressor is
greater than the predetermined number; performing an
oil collecting operation when the oil level of the at least
one oil reservoir or the at least one oil separator is less
than a preset level for the at least one oil reservoir or the
at least one oil separator; and transferring the stored oil
to the at least one compressor of the plurality of com-
pressors with the relatively lower oil level when the oil
level of the at least one oil reservoir or the at least one
oil separator is greater than or equal to the preset level
for the at least one oil reservoir or the at least one oll
separator.

[0035] The at least one oil reservoir or the at least one
oil separator may include at least one oil separator, and
wherein the at least one oil separator receives a mixture
of oil and working fluid from at least one of the plurality
of compressors through an oil discharge pipe. The meth-
od may further include separating the mixture of oil and
working fluid at the at least one oil separator, and storing
the separated oil and transferring the separated working
fluid to the plurality of heat exchangers and expansion
devices that cooperate with the plurality of compressors.
Further, each of the plurality of compressors may include
a valve that controls a flow of the stored oil from the at
least one oil separator to each respective compressor,
and wherein the method further comprises opening the
valve of the compressor containing oil lower than the pre-
set level during the transferring of the stored oil.

[0036] The at least one oil reservoir or the at least one
oil separator may include at least one oil reservoir, where-
in the at least one oil reservoir may function as an oil
separator. Each of the plurality of compressors may in-
clude a valve that controls a flow of oil in the oil return
pipe from each respective compressor to the atleast one
oil reservoir, and wherein the method may further include
closing the valve of the compressor containing oil lower
than the preset level during the transferring. Each of the
plurality of compressors may communicate with a re-
spective one of a plurality of oil separators. Further, the
at least one oil reservoir may receives oil from at least
one of the plurality of compressors through a respective
oil return pipe that connects the casing of each compres-
sor to the at least one oil reservoir.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Embodiments will be described in detail with
reference to the following drawings in which like refer-
ence numerals refer to like elements, and wherein:

FIG. 1 is a schematic diagram of an air conditioner
having a plurality of compressors according to an
embodiment;

FIG. 2 is a cross-sectional view of internal structure
of a compressor and an oil separator of FIG.1;

FIG. 3 is a flow chart of a method of operating the
air conditioner of FIG. 1;

FIG. 4 is a schematic diagram of an air conditioner
having a plurality of compressors according to an-
other embodiment;

FIG. 5 is a flow chart of a method of operating the
air conditioner of FIG. 4;

FIG. 6 is a schematic diagram of an air conditioner
having a plurality of compressors according to an-
other embodiment; and

FIG. 7 is a flow chart of a method of operating the
air conditioner of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION

[0038] Hereinafter, embodiments for an operating
method for an air conditioner with multiple compressors
according to the present invention will be described in
detail with reference to the accompanying drawings.
[0039] FIG. 1 is a schematic diagram of an air condi-
tioner having a plurality of compressors according to an
embodiment. Referring to FIG. 1, the air conditioner may
include a plurality of compressors 100, 100, 100", all of
which may have the same structure. Each compressor
may include a first suction pipe 110, through which re-
frigerant may flow, and a second suction pipe 112, 112’,
112" branched off from the first suction pipe 110 to each
respective compressor 100, 100, 100". In addition, com-
pressed refrigerant may be discharged from each com-
pressor 100, 100’, 100" through respective discharge
pipes 114, 114’, 114",

[0040] Oil may be stored inside the compressor, which
may serve to lower friction within the compressor during
operation. Further, an oil level detecting sensor 102, 102’,
102" that detects the level of the oil may be provided at
a lateral surface of each respective compressor. A first
oil return pipe 120, 120’, 120" may also be provided at
each compressor, that connects each respective com-
pressor 100, 100’, 100" to the first suction pipe 110 to
redistribute the oil received from the first oil return pipe
120, 120°, 120". The first oil return pipes 120, 120’
120" may be provided with capillary tubes 124,124’, 124",
respectively, that reduce the pressure of oil. Moreover,
the first oil return pipes 120, 120, 120" may be provided
with solenoid valves 126, 126°, 126", respectively, to
open or close the first oil return pipes 120, 120°, 120".
[0041] The discharge pipes 114, 114’, 114", which
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each discharges a mixture of oil and refrigerant from the
respective compressor, may be provided with oil sepa-
rators 130, 130°, 130", respectively. The oil separators
130, 130’, 130", which separate the discharged oil from
the refrigerant, may transfer the separated oil through
second oil separators 132, 132", 132", respectively, to
the first suction pipe 110. The separated refrigerant, and
any remaining oil, may be discharged from the oil sepa-
rators 130, 130’, 130" to a 4-way valve 140. Thus, the
discharged oil may be separated from the refrigerant by
the oil separators 130, 130’, 130" and resupplied to the
compressors 100, 100’, 100" through the first suction
pipe 110 and the second suction pipes 112, 112°, 112",
[0042] The 4-way valve 140 may include, for example,
three discharge ports, which may be connected to an
accumulator 180, an outdoor-side heat exchanger 150,
and one or more indoor-side heat exchanger(s) 170,
170, 170", respectively. The air conditioner may provide
either cooling or heating based on a switching state of
the 4-way valve 140. Simply for ease of explanation, the
4-way valve as shown in FIG. 1 is configured to provide
cooling to the indoor-side.

[0043] Inthe embodiment of Fig. 1, the refrigerant dis-
charged from the 4-way valve 140 may be passed
through the outdoor-side heat exchanger 150 and ex-
pansion apparatuses 160, 160’, 160". The refrigerant
may then be passed into the indoor-side heat exchangers
170, 170’, 170", which use the refrigerant to lower an
indoor temperature. The refrigerant may then pass
through the 4-way valve 140 into the accumulator 180.
Once refrigerant remaining in a liquid state is separated
from refrigerant in a gaseous state, the accumulator 180
may pass the gaseous refrigerant to the first suction pipe
110.

[0044] FIG.2is across-sectional view of internal struc-
ture of a compressor and an oil separator of Fig. 1. Com-
pressors 100’, 100" and oil separators 130’°, 130" of Fig.
1 may have the same structure as compressor 100 and
oil separator 130 of Fig. 1. Therefore, repetitive descrip-
tion of the compressors 100°, 100" and oil separators
130’,130" has been omitted hereinafter.

[0045] Simply for ease of explanation, embodiments
are described herein in the form of a scroll compressor.
However, embodiments are not limited thereto and may
be applied to or employ any type of compressor in which
oil is stored inside of the compressor. Referring to FIG.
2, amain frame 20 and a sub frame 30 may be provided
inside a container or case 10, and a drive motor 40, which
is a driving device, may be provided between the main
frame 20 and sub frame 30. A compression device that
compresses refrigerant may be combined with the drive
motor 40. The compression device may include a fixed
scroll 50 and an orbiting scroll 60, which may be provided
at an upper side of the main frame 20. Further, a suction
port SP may be formed on the container 10 and may be
connected to the second suction pipe 112. The com-
pressed refrigerant may be supplied from the compressor
100 to the oil separator 130 via the discharge pipe 114.



11 EP 2 375 193 A2 12

[0046] The oil separator 130 may include a discharge
pipe 131 at an upper side thereof and discharge port 133
at a lower side thereof. The discharge port 133 may be
connected to the second oil return pipe 132. The dis-
charge pipe 131 may extend to a middle portion of the
oil separator 130, and thus, may lengthen a flow path of
the compressed refrigerant in the oil separator 130. Ac-
cordingly, as compressed refrigerant is discharged from
the discharge pipe 131 to the 4-way valve 140, any oll
that remains in the compressed refrigerant may be sep-
arated therefrom and collected in a lower portion of the
oil separator 130. The separated oil, once collected, may
be discharged from the oil separator 130 via the dis-
charge port 133 to the second oil return pipe 132.
[0047] The drive motor 40 may include a stator 41,
which may be wound with a coil, a rotor 42 rotatably in-
serted in the stator 41, and a rotating shaft 43 attached
to a center of the rotor 42 that transfers rotary force to a
compression mechanism. A driving pin portion 44 may
be formed to protrude at an upper end of the rotating
shaft 43. The driving pin portion 44 may be formed ad-
jacent to a rotational axis of the rotating shaft 43. That
is, the driving pin portion 44 may be positioned away from
a rotational center of the rotating shaft 43.

[0048] The compressor 100 may further include the
fixed scroll 50, which may be fixed to an upper surface
of the main frame 20, the orbiting scroll 60, which may
be placed on an upper surface of the main frame 20 and
engaged with the fixed scroll 50, and an Oldham ring 70
disposed between the orbiting scroll 60 and the main
frame 20 to prevent the rotation of the orbiting scroll 60.
A fixed wrap 51 may be spirally wound and formed on
the fixed scroll 50. Further, an orbiting wrap 61 may be
spirally wound and formed on the orbiting scroll 60. The
fixed wrap 51 together with the orbiting wrap 61 may form
a compression chamber (P). A boss portion 62 may pro-
trude at a bottom surface of the orbiting scroll 60, for
example, a lateral surface opposite the orbiting wrap 61.
The boss portion 62 may engage the rotating shaft 43 to
receive a rotary force therefrom.

[0049] A sliding bush 63 may be combined with the
driving pin portion 44 of the rotating shaft 43 to slide in a
radial direction. The sliding bush 63 may then be com-
bined with the boss portion 162 of the orbiting scroll 60
to slide in a rotating direction. An external diameter of
the sliding bush 63 may be formed to be the same as an
internal diameter of the boss portion 62 of the orbiting
scroll 60, to thereby reduce friction between the rotating
shaft 43 and the orbiting scroll 60. Further, a main frame
bush 22 may be provided on an inside surface of the
main frame 120 to reduce friction between the rotating
shaft 43 and main frame 20. Oil may be supplied by an
oil feeder 180 provided at a lower end portion of the ro-
tating shaft 43 to lubricate each of the bushes 22, 63.
[0050] The oil may be stored in an oil storage space
formed by an inner surface of a base 12 of the container
10. The oil may be pumped from the oil storage space
and supplied to the compression device through an oil
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flow path 43a formed inside the rotating shaft 43. The oil
feeder 80, which may be provided at a lower end portion
of the oil flow path 43a, may rotate with the rotating shaft
43 to pump the oil from the oil storage space into the oil
flow path 43a. The pumped oil may then be supplied to
the compression device positioned at an upper portion
of the oil flow path 43a.

[0051] Inorderforthe oil to be supplied by the oil feeder
80, the oil should be maintained at appropriate levels
inside the container 10. However, the level of oil may
vary during operation of the compressor 100. The varia-
tion of oil level may be an absolute variation due to, for
example, loss or leakage of oil, or a temporary variation
in which the oil level may temporarily increase or de-
crease during operation based on changes in an opera-
tional speed of the compressor 100. In either case, the
oillevel should be maintained in an appropriate condition,
for example, within an acceptable range, during the op-
eration of the compressor to ensure normal operation.
Accordingly, an oil level detecting sensor 102 may be
provided to detect the oil level inside the container 10 in
real time.

[0052] The oil level detecting sensor 102 may include
a pair of electrodes 102a, which may protrude inside the
container 10. A supporting plate 102b may be provided
to support the pair of electrodes 102a and allow them to
pass through the container 10 into the compressor 100.
The supporting plate 102b may be attached to a side wall
of the container 10 by, for example, welding or another
appropriate method of attaching. Further, the supporting
plate 102b may be attached to the container 10 so as to
be flush with an outer surface of the container 10. Aflange
102c may be formed that protrudes from an outer circum-
ference of the supporting plate 102b. A flange anchoring
portion 16, which may have a diameter greater than a
diameter of the mounting hole 14, may be formed at an
outer circumference of the mounting hole 14. When the
supporting plate 102b is inserted into the mounting hole
14, the flange 102c may be seated on the flange anchor-
ing portion 16 and may be attached to the container 10.
Accordingly, the supporting plate 102b may be mounted
to the container 10 at a desired position.

[0053] FIG. 3 is a flow chart of a method of operating
the air conditioner of FIG. 1. Referring to FIG. 3, once
operation of the plurality of compressors is initiated, the
oil level H of each compressor may first be detected, in
step S01. Based on the detection result, it may then be
determined whether the oil level H of each compressor
is over a preset level for the respective compressor, in
step S02. If the oil level H of all of the compressors is
over the respective preset level, normal operation of the
plurality of compressors may be initiated, in step S07. If
the oil level H of some or all of the plurality of compressors
is not overthe presetlevel, then a number of compressors
may be determined in which the oil level H is less than
or equal to the respective preset level, in step S03. If the
number of compressors having a relatively low oil level
H is greater than a predetermined number of compres-
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sors, for example, the number of compressors is greater
than one, then an oil collection operation may be initiated,
in step S08. When the number of compressors requiring
additional oil is two or more, it may be difficult to adjust
the oil level in each compressor to be over the preset
levels without an oil collection operation. Further, when
the number of compressors is two or more, a large
amount of time may be required to transfer oil between
the plurality of compressors. In this case, the oil collection
operation may be required. The predetermined number
of compressors may be set to any number according to
the number of compressors included in the air condition-
er.

[0054] The oil collecting operation may transfer oil re-
maining inside the air conditioner, for example, in the
foregoing indoor/outdoor-side heat exchanger or pipes,
to the compressor(s) having a low oil level, During the oil
collecting operation, the expansion apparatus 160, 160’
160" of each indoor unit and each indoor-side heat ex-
changer may be fully opened, an operation of the indoor
unit may suspended, and a flow rate in the pipes may be
increased. The flow rate may be increased by operating
a greater number of compressors than during a normal
operation or by increasing an operational speed of one
or more of the compressors.

[0055] If the number of compressors in which the oil
level His less than or equal to the respective preset level
is determined to be less than or equal to the predeter-
mined number in step S03, for example, the number of
compressors is equal to one, the process may move to
step S04. In step S04, the oil levels H in the compressors
may be adjusted without performing an oil collecting op-
eration. For example, a solenoid valve of the compressor
in which the oil level H is greater than the preset level
may be opened, and a solenoid valve of the compressor
in which the oil level H is less than the preset level may
be closed, in step S04. For example, referring to FIG. 1,
if the compressor 100 has a sufficient oil level and the
compressor 100" has a relatively low oil level, the sole-
noid valve 126 may be opened and the solenoid valve
126" may be closed.

[0056] With the solenoid valves configured as above,
a normal operation of the compressors may be carried
out for a predetermined period of time, for example, ap-
proximately five minutes, in step S05. During the normal
operation of the compressors, oil may be collected from
the compressor 100 having a sufficient oil level, which
may then be uniformly distributed and supplied to each
compressor through the first and the second suction
pipes. However, as the solenoid valve 112" of the com-
pressor 100" having a relatively low oil level is closed, oil
is not collected from compressor 100". The oil level in
the compressor 100" may therefore gradually increase
above the preset level. Accordingly, an oil level of a com-
pressor having insufficient oil may be increased above
the preset level when a total amount of oil stored in the
air conditioner is sufficient.

[0057] However, it may be difficult to adjust the oil level
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of each compressor over a desired level in spite of the
foregoing process when a total amount of oil remaining
inside all of the compressors, for example, a total amount
of oil in the air conditioning system, is insufficient to be
redistributed. Thus, as previously described, the normal
operation may be carried out for the predetermined pe-
riod of time, for example, approximately 5 minutes, in
step S05. Thereafter, the oil levels H of the compressors
may be checked again, and if the oil level H of all of the
compressors is over each respective preset level, in step
S06 the compressors may return to normal operation, in
step S06. Otherwise, if the oil level H of all of the com-
pressors is not above the respective preset levels, the
oil collecting operation may be performed, in step S08.

[0058] FIG. 4 is a schematic diagram of an air condi-
tioner according to another embodiment. Referring to
FIG. 4, the air conditioner may temporarily store oil col-
lected from each compressor 100, 100°, 100" in an oil
reservoir 128 through a first oil return pipe 120, 120’,
120". The oil reservoir 128 may include an oil level de-
tecting sensor 128a that detects an oil level inside the oil
reservoir 128 and a valve 128b that controls a flow of oil
discharged from the oil reservoir 128. The oil reservoir
128 may store oil exceeding a preset level received from
each of the compressors 100, 100°, 100", and may then
supply the stored excess oil to a compressor having a
low oil level through the first suction pipe 110 and the
second suction pipes 112, 112, 112".

[0059] FIG. 5 is a flow chart of a method of operating
the air conditioner of FIG. 4. After detecting an oil level
H of each compressor, in step S10, a number of com-
pressors in which the oil level H is lower than or equal to
a respective preset level is determined. If the number of
compressors is less than or equal to a predetermined
number, for example, the predetermined number is one,
in step S11, then it may be determined whether all of the
compressors have sufficient amounts of oil, in step S12.
If the oil level H of all of the compressors is above the
respective preset level, then the compressors are oper-
ated in normal operation, in step S16. If it is determined
in step S12 that the oil level H of all of the compressors
is not over the respective preset level, then a solenoid
valve 126 of each compressor in which the oil level H is
greater than a respective preset level may be opened,
and a valve 126" of the compressor in which H is less
than or equal to the desired level may be closed, in step
S13.

[0060] A normal operation of the compressors may be
carried out in this state for a predetermined amount of
time, for example, about five minutes, in step S14. Then,
oil collected from each of the compressors having a suf-
ficient amount of oil may be uniformly distributed and
supplied to all compressors through the first and the sec-
ond suction pipes. However, oil is not collected from a
compressor for which the solenoid valve is closed. Fur-
ther, oil may be collected again even if it is supplied to a
compressor for which the solenoid valve is open, thereby
maintaining the oil level over a preset level. Accordingly,
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the oil levels in each of the compressors may be main-
tained over a preset level when the total amount oil stored
by the compressors is sufficient.

[0061] However, it may be difficult to adjust the oil level
of a compressor to be over a preset level in spite of this
process when the total amount of oil remaining inside the
compressors is insufficient. Thus, as previously de-
scribed, a normal operation of the compressors may be
carried out for the predetermined period of time, for ex-
ample, approximately 5 minutes, in step S14. Then, the
oil level of each of the compressors may be checked
again, and in step S16, if the oil level H of all compressors
is over each respective preset level, in step S15, anormal
operation may be carried out. Otherwise, an oil collecting
operation may be performed, in step S20.

[0062] In step S11, if the number of the compressors
having a relatively low oil level (H is below respective
preset level) is greater than the predetermined number,
for example, the predetermined number is one then an
oil level of the oil reservoir (Hg) may be detected, in step
S17. After detecting the oil level Hg of the oil reservoir,
the oil collecting operation may be performed, in step
S20, if the oil level Hg of the oil reservoir is lower than or
equal to a preset level of the reservoir, in step S18. Oth-
erwise, if Hg is greater than the preset level, the reservoir
valve 128b may opened, in step S19, and the solenoid
valves 126, 126’, 126" of the compressors may be con-
figured as previously described to increase the oil levels
in the compressors having oil levels below preset levels,
in step S13.

[0063] FIG. 6 is a schematic diagram of an air condi-
tioner according to another embodiment. Referring to
FIG. 6, a plurality of compressors 200, 200°, 200" may
share one oil separator 230. An oil level detecting sensor
231 that detects an oil level H inside the oil separator
230 may be provided in the oil separator 230. Further, a
second oil return pipe 232 that supplies the oil stored in
the oil separator 230 to the compressors 200, 200’, 200"
may be provided. The second oil return pipe 232 may be
connected to oil replenishing pipes 234, 234’, 234", which
may be connected to the second suction pipes 112, 112’,
112" of the compressors, respectively. In addition, the oil
replenishing pipes 234, 234, 234" may be provided with
valves 236, 236’, 236" that control the flow of oil to each
respective compressor 200, 200’, 200".

[0064] Thevalves 236,236’,236" may be switched ac-
cording to a detection result of corresponding oil level
detecting sensors 102, 102’, 102". For example, if addi-
tional oil is not required in compressors 200, 200’ be-
cause the respective oil levels are greater than a respec-
tive preset level, corresponding valves 236, 236’ may be
closed. However, if additional oil is required in compres-
sor 200" because a corresponding oil level is less than
a preset level, valve 236" may be opened to supply oil
stored in the oil separator 230 to compressor 200".
[0065] FIG. 7 is a flow chart of a method of operating
the air conditioner of FIG. 6. After detecting an oil level
H of each compressor, in step S21, a number of com-
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pressors in which the oil level H is lower than or equal to
a respective preset level is determined, in step S22. If
the number of compressors is less than or equal to a
predetermined number, for example, the predetermined
number is one, then it is determined whether all of the
compressors have a sufficient amount of oil, in step S23.
If the oil level H of all of the compressors is above the
respective preset levels, then the compressors are op-
erated in normal operation, in step S27. If the oil level H
of all of the compressors are not above the preset levels,
then the solenoid valve 236" of the compressor in which
H is less than or equal to the preset level may be opened,
and the solenoid valve 236, 236’ of each of the compres-
sors in which H is greater than the respective preset level
may be closed, in step S24.

[0066] Thereafter, normal operation may be carried
out in this state for a predetermined amount of time, for
example, about five minutes, in step S25. The oil stored
in the oil separator 230 may then be provided to the com-
pressor 200" having the insufficient oil level during the
predetermined amount of time. Then, the oil level of all
of the compressors may be checked again, and if the oil
level H of the all compressors is over each respective
preset level, in step S26, the compressors may return to
normal operation, in step S27. Otherwise, an oil collecting
operation may be performed, in step S30.

[0067] Returning to step S22, ifthe number of the com-
pressors in which the oil level H is less than or equal to
the respective preset level is greater than the predeter-
mined number, for example, the number of compressors
is 2 or 3, then the oil level Hg of the oil separator 230 may
be detected, in step S28. After detecting the oil level Hg,
the oil collecting operation may be performed, in step
S30, if the oil level Hy is lower than or equal to a preset
level for the oil separator 230, in step S29. Otherwise, if
the oil level Hy is over the preset level, the valves of each
compressor may be configured to add oil to compressors
having an oil level H less than or equal to the respective
preset level, in step S24.

Claims

1. An operating method for an air conditioner, the air
conditioner comprising a plurality of compressors,
each of which includes a casing that stores oil in an
inner lower portion thereof and an oil level detecting
device that detects an oil level in the casing; at least
one first heat exchanger that intakes a working fluid
from the plurality of compressors; at least one ex-
pansion device; atleast one second heat exchanger,
through which the working fluid passes after passing
through the at least one first heat exchanger; a first
suction pipe, through which the working fluid flows
from the at least one first heat exchanger or the at
least one second heat exchanger; and a plurality of
second suction pipes branched from the first suction
pipe and then connected to each ofthe compressors,
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the method comprising:

detecting an oil level of each of the plurality of
COMpressors;

distributing oil in a first compressor of the plu-
rality of compressors containing oil over a first
preset level for the first compressor toward a
second compressor of the plurality of compres-
sors containing oil lower than a second preset
level for the second compressor via the first and
the second suction pipes without passing
through the at least one first exchanger and the
at least one second heat exchanger when a
number of the plurality of compressors contain-
ing oil lower than the preset level for the respec-
tive compressor is less than or equal to a pre-
determined number; and

performing an oil collecting operation if there ex-
ists acompressor containing oil lower than a pre-
set level for that compressor after performing
the distributing or if the number of the plurality
of compressors containing oil lower than the pre-
setlevel for the respective compressoris greater
than the predetermined number.

The method of claim 1, wherein the distributing is
performed for a predetermined period of time, at pre-
determined time intervals, or until all of the plurality
of compressors have at least the preset level for the
respective compressor.

The method of claim 1, wherein each of the plurality
of compressors includes a first oil return pipe that
connects the casing of the respective compressor to
thefirst suction pipe, and wherein oil in the respective
compressor containing oil over the preset level for
the respective compressor is supplied to the first suc-
tion pipe via the first oil return pipe during the distrib-
uting.

The method of claim 3, wherein the first oil return
pipe connected to a compressor containing oil lower
than a preset level for each compressor remains
closed during the distributing.

The method of claim 1, wherein the air conditioner
further comprises at least one oil separator having
a second oil return pipe that connects the oil sepa-
rator and the first suction pipe, and wherein oil col-
lected in the oil separator is supplied to the first suc-
tion pipe via the second oil return pipe during the
distributing.

The method of claim 5, wherein the at least one oil
separator receives a mixture of oil and working fluid
from at least one of the plurality of compressors
through an oil discharge pipe.
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10

7.

10.

11.

The method of claim 6, wherein the at least one oil
separator stores the oil from the plurality of compres-
sors and if the number of the plurality of compressors
containing oil lower than the preset level for the re-
spective compressor is greater than the predeter-
mined number, the method further comprises:

detecting an oil level of the at least one oil sep-
arator;

if the oil level of the at least one oil separator is
less than a preset level for the at least one oll
separator, performing the oil collecting opera-
tion; and

if the oil level of the at least one oil separator is
greater than or equal to the preset level, opening
a valve that allows the stored oil to flow into the
compressor containing oil lower than the preset
level for the respective compressor.

The method of claim 1, wherein the air conditioner
further comprises a plurality of oil separators, and
wherein each of the plurality of compressors dis-
charges a mixture of oil and working fluid to a re-
spective one of the plurality of oil separators.

The method of claim 8, wherein the distributing in-
cludes distributing the oil stored in the at least one
oil separator toward the second compressor of the
plurality of compressors containing oil lower than the
second preset level for the second compressor.

The method of claim 1, wherein the air conditioner
further comprises a first oil return pipe that connects
the casing of each compressor to the first suction
pipe, and wherein oil in the respective compressor
containing oil over a preset level for each compres-
sor and the oil in the oil separator are supplied to the
first suction pipe via the first and second oil return
pipes during the distributing.

The method of claim 1, wherein the air conditioner
further comprises atleast one oil reservoir that stores
the oil from the plurality of compressors and if the
number of the plurality of compressors containing oil
lower than the preset level for the respective com-
pressor is greater than the predetermined number,
the method further comprises:

detecting an oil level of the at least one oil res-
ervoir;

if the oil level of the at least one reservoir is less
than a preset level for the at least one oil reser-
voir, performing the oil collecting operation; and
if the oil level of the atleast one reservoiris great-
er than or equal to the preset level of the at least
one oil reservoir, opening a reservoir valve of
the at least one reservoir as part of the distrib-
uting.
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The method of claim 11, wherein each of the plurality
of compressors includes a first oil return pipe that
connects the casing of the respective compressor to
the at least one oil reservoir, and wherein oil in the
respective compressor containing oil over the preset
level for the respective compressor is supplied to the
at least one oil reservoir via the first oil return pipe.

The method of claim 12, wherein the first oil return
pipe connected to the compressor containing oil low-
er than a preset level for each compressor remains
closed during the distributing.

The method of claim 11, wherein the at least one oil
reservoir functions as an oil separator.

The method of claim 14, wherein the oil separator
receives a mixture of oil and working fluid from at
least one of the plurality of compressors through an
oil discharge pipe.
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FIG. 5
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FIG. 7
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