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THE SAME BACKGROUND OF THE I NVENTION 5 Field of the Invention The present

i nvent i orwpaeBa®3ss generally to an air conditioning unit amdTrRRLOWGSOf
controlling the same, and nore particularly to an air conditioning unit and
nmet hod of operating the sane, which can reduce power consunption by
controlling the level of power supplied to a notor of a conpressor
according to an operation cycle of the 1o conpressor. Description of the
Prior Art Recently, as buildings have becone | arge-sized, demand for
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i ndoor units of such a nmulti-air conditioner have different required
cooling capacities, and are independently operated, such that a total

cool ing capacity obtai ned BACKGROUNDOF THE INVENTION cool i ng capacities of
all indoor wunits is also varired. Tn order to neet the variation of the
total required cooling capacity, 20 the capacity of a conpressor is

adj usted according to the variation of the total required cooling \
capaci t5y, Figldlof the loyentioy rati o of an el ectric expansion val ve situated
upstream of an_j ndoor heat exchanger or evaporator s controlled for each
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power supplied to a motor of a compressor according to an operation cycle of the

10 compressor.

Description of the Prior Art

Recently, as buildings have become large-sized, demand for multi-air

conditioners in which an outdoor unit is connected to a plurality of indoor units has
15 increased.

In general, the individual indoor units of such a multi-air conditioner have
different required cooling capacities, and are independently operated, such that a total
cooling capacity obtained by summing up the required cooling capacities of all indoor
units is also varied. In order to meet the variation of the total required cooling capacity,

20 the capacity of a compressor is adjusted according to the variation of the total required
cooling capacity, and the opening ratio of an electric expansion valve situated
upstream of an indoor heat exchanger or evaporator is controlled for each of the
indoor units.

There are a variable-speed compressor and a pulse width modulation (PWM)

25 compressor as a variable-capacity compressor having a capacity to be varied
according to the variation of a required cooling capacity.

The PWM compressor adjusts the capacity of the compressor to correspond to



a required cooling capacity by varying the capacity of the conpressor in
response to a duty control signal used to determ ne a | oading operation
for di schaiogBgs7as cooling agent and an unl oadi ng oper at i ®CTIKRO2/00168

di scharging the cooling agent. Meanwhile, the PWM conpressor is supplied
wi th power regardless of 5 whether the |oading or the unloading operation
I s proceeded, and a notor of the conpressor rotates at constant speed.
Further, if the supply of power to the conpressor is interrupted, the
conpressor not or does not rotate, and the operation of the conpressor

oronter | fuepted ey Fgﬁg‘fcffﬁ{ebyﬂ’%’i@dfhﬁgcghrﬁﬁg'ﬁf%%wfﬁw'egg&' i es el act
t hat ”UCh dﬂ ntfot si s ééc?‘fb g@fenﬁfh Stl&‘PﬂJrrd%h%ﬁﬁﬁgmféﬁoﬁﬁ% the

| oadi ng operation. urt urlng e un oa I Ng opera

power for agenimibmmbadmgape@ué@whb@discha!iglﬁ@tﬁe%bnﬁ §géi‘ﬂ' oadi ng Operat i on
requires little power relatively to the |oadinhg operat 15 However, in

the conventi ondMledtiilepripe eRAM , compressor eiss supplied Vivitly pdwewrégatcﬂeséjrdfve t he
conpressor is produced in consideration of the |oading operation, that is,

an oper avhedherdheileading e the aimiqadingr opesationist praceedert; andi aghgtor @fide dur i ng
the unl oadi peration of the PWM conpressor, driving power is supplied
under thecog'ﬁ)?@SQBrTBWQ%ﬁt £onglgat speed.nheFyrdhar ﬂfgtf@péidl%mfcﬂf pewesstx digi ng
undesi rabl e power .20 co tion durin he, unl o ation PVWM
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operation HRE& ngrt? reqw red cooling capacity. Therefore, undesirable
power consunp on occurs i nevi tably whenever the PWM conpressor perforns
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cycle af tHam thatdoretrounioddiMg dperatida; WhidRCE RO % %1%3 that much power is
required for compressing the cooling agent during the loading operation. Further,
during the unloading operation, only minimal power for no-load operation is required,
such that the unloading operation requires litle power relatively to the loading
operation.

15 However, in the conventional PWM compressor, a compressor driving circuit to
drive the compressor is produced in consideration of the loading operation, that is, an
operating condition of high power consumption. Accordingly, even during the
unloading operation of the PWM compressor, driving power is supplied under the
same condition as that of the loading operation, thus causing undesirable power

20 consumption during the unloading operation.

The PWM compressor periodically repeats the unloading operation and the
loading operation according to a required cooling capacity. Therefore, undesirable
power consumption occurs inevitably whenever the PWM compressor performs the

unloading operation. Consequently, there is required an improved method of

25 controlling power (power level) according to an operation cycle of the compressor.



SUMMARY COF THE | NVENTI ON Accordi ngly, the present invention has been nade
keeping in mnd the above problens occurring in the prior art, and an

obj ect ofwODhg/om7eésent invention is to provide 5 an air c®QEIKROQ/0L08§ uni t
and net hod of operating the sane, which can reduce power consunption by
controlling the I evel of power supplied to a notor of a conpressor
according to an operation cycle of the conpressor. In order to acconplish
t he above object, the present invention provides a pulse w dth nodul ation
(PWWM conpressor, conprising a notor; a first notor controller for 10

supplying first |evel power ' L UL | oadi ng operation of
sai d conpressor; and a secéﬂhﬁmgﬁggcg%.@= VEN suppl yi ng second | evel
power less than said first |evel power to said notor during an unl oadi ng
operation of said conpressor. Further, the present invention provides a
conpr essor NavADSr@RGH ShkHesar fi@ntidr Wad Beeitimpde kBebing iPRmdhentboved an
unl oadi ng operation,“conprising a notor for 15 receiving first |evel power
during S%r@bl%ﬁ%ddd&grrmp% #d Oforeit SAd en objeet eithe prevedt ineertioni isitp previded | evel
power |ess than said first level power during said unloading operation of
sai d cenpsean Gondifoindenit antengthed ef bpénating theosarpe,oviidle saaiedioe power
conditioning unit, conprising a conPressor for performng a | oadin

oper at i oncansdrrption hiyoeatitioting fee avebal pewer suppliednie asaPiol oA S eRINPIR§SAgent
during said | oading operation, said conpressor i ncluding a notor for
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| evel “po a nmotor of said conpressor during said |oading operation;
and suppl ¥hd@ sekond motor controller for supplying second level power less than said first

level power to said motor during an unloading operation of said compressor.
Further, the present invention provides a compressor having operation cycles
including a loading operation and an unloading operation, comprising a motor for
15 receiving first level power during said loading operation of said compressor and
receiving second level power less than said first level power during said unloading
operation of said compressor.
Further, the present invention provides an air conditioning unit, comprising a
compressor for performing a loading operation and an unloading operation and
20 compressing a cooling agent during said loading operation, said compressor including
a motor for receiving first level power during said loading operation of said compressor
and receiving second level power less than said first level power during said unloading
operation.
Further, the present invention provides a method of operating a compressor in
25 an air conditioning unit, said compressor having a loading operation for compressing a
cooling agent and an unloading operation, comprising the steps of supplying first level

power to a motor of said compressor during said loading operation; and supplying



WO 03/ 093735 PCT/ KRO2/ 01068 second | evel power less than said first |evel
power to said notor during said unloading operation. Further, the present
i nvent i orwprog®pxies an air conditioning unit conprising a @ECFKRRAUGShavi ng
a | oading operation for conpressing a cooling agent and an 5 unl oadi ng
operation; and a controller for controlling said conpressor, said
controller conprising, a power |level control circuit for controlling power
| evel supplied to a notor of said conpressor, said power |evel contro
circuit allowing first |level power to be supplied to said notor during

sai d | oadi ng oper at.i | oWk V&lid RS duri -tlnﬁ% | d
first |evef quPS%%E%ggﬂﬁq%ﬁgt @g@g)gqnﬁkgor% uring dsugm%équl oa |°ﬁ1@ 10
operati ong %B{i DESCRI PTI ON OF THE DRAW NGS The above and ot her objects,
features a% of her advantages of the present 15 invention will be nore

clearly under stpaRerd tHeenpréent Mvefior Brolficabh et derrditionirig anit cekerising a
conjunction with the acconpanying drawings, in which: FIG 1 is a view
showi ng achmprssoy hayingea déadimy aperationdor compragsingi 8 cooling digegt and ame
present invention, FIG 2 is a view show ng a relationship between |oading
and unlsoadnlogdingopsation; aod & mntwllerofwc@etgékng said copwressennaih colidlehar ged
cooling agent; FIG 3 is a block di a,?f??m of an air (ionili tiqni ng unitt

accor di ng CerPESIRg.ca pewetlevelaoptp! kit tor conEolifagawrr lev] sipRlish 10 g eotoy ¢ 5

d i ed block di f | | | | '
condi t | onoh e A BleeEharAl Ra Hevel ettt ik b, el Sy to e
del ed ci ' ' LG ULt e d | € ' . i
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to the piRgaRhn BIEHist Vel fower to be supplied to said motor during said unloading

10  operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages of the present
15 invention will be more clearly understood from the following detailed description taken
in conjunction with the accompanying drawings, in which:
FIG. 1 is a view showing a freezing cycle of an air conditioning unit according
to the present invention;
FIG. 2 is a view showing a relationship between loading and unloading
20 operations of a compressor, and the amount of discharged cooling agent;
FIG. 3 is a block diagram of an air conditioning unit according to a preferred
embodiment of the present invention;
FIG. 4 is a detailed block diagram of a power level control unit of the air
conditioning unit according to the present invention;
25 FIG. 5A is a modeled circuit diagram of a circuit in which first level power is
supplied to a motor of the compressor during a loading operation according to the

present invention;



WD 03/ 093735 PCT/ KRO2/ 01068 FIG 5B is a nodeled circuit diagramof a
circuit in which second | evel power is supplied to the notor of the

conpr essowodadargs an unl oadi ng operation according to th@Cpnawen1o6s
invention; FIG 6 is a view show ng operations of controlling first and
second switches 5 and a PWM val ve during | oading and unl oadi ng operations
according to the present invention; FIG 7 is a view show ng power
consunption during | oading-and unl oading operations according to the
present invention;, FIG 8 is a flowhart of a nethod of operating the air
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di agram of ano air con I'tioning unit accordi ng anot pre erred
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rel ati onship between a voltage and a frequency to describe charac erl stics

of the notlwypreseitheventiomr essor. 15 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Herei nafter, enbodi nents of the present invention will be described in

detail with r #Greérga viewtshewing aperationsr afionirelling dirgtland sedosd swiiches

showi ng a freezi cle of an air conditjoning unit according to the
IPWI\%va ﬁ%

presents | AR e duringderrding Aed |Uﬁ@ad¥ﬁ‘9toﬂ§fatl°ﬁ§ aseereing: toi the Preseph
conprises._an outdoor unit |I and a group of indoor units 9. The outdoor
unit 1 cofﬂyﬁr‘ a conpressor 2 and a condenser 5. The conpressor 2 is a
PWM conpr essor e - di | a
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FIG. 8 is a flowchart of a method of operating the air conditioning unit
10 according to the present invention;
FIG. 9 is a block diagram of another air conditioning unit according to another
preferred embodiment of the present invention; and
FIG. 10 is a graph showing a relationship between a voltage and a frequency
to describe characteristics of the motor of the COMpressor.
15
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention will be described in detail
with reference to the attached drawings.
20 FIG. 1 is a view showing a freezing cycle of an air conditioning unit according
to the present invention.
The air conditioning unit of the present invention comprises an outdoor unit 1
and a group of indoor units 9. The outdoor unit 1 comprises a compressor 2 and a
condenser 5. The compressor 2 is a PWM compressor which performs a loading
25 operation for discharging a cooling agent through a PWM valve 3 and an unloading
operation for not discharging the cooling agent.

The indoor unit group 9 is comprised of a plurality of indoor units arranged in



5 WD 03/093735 PCT/KRO2/ 01068 parallel with each other and connected to
the outdoor unit 1. Each indoor unit of the indoor unit group 9 has an

el ectri c wopansizeh val ve 12 and an evaporator 10. Ther ef ®C&/KRobo1G8r
conditioning unit has a construction in which a plurality of indoor wunits
are comonly connected to one outdoor unit 1. The capacities and types of
the 5 indoor units of the indoor unit group 9 nmay be identical or
different. As shown in FIG 2, the conpressor 2 repeatedly perforns the

| oadi ng operation of discharging the cooling agent through the PWM val ve 3
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according to a preferred enbodi ment of the present Invention. 15 As shown
in FI G5 3,indos usiis abibe ingleor unit gronp 9 nvay ba idsotical of diffeieah circuit unit 8, an

outdoor control, L unit 4,.a r level control unit 6 and a PVWM val ve
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driving wunit 7 drives the PWM val ve 3 under t ontr 0 or
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supplying unit 6a to supply power of a first level (first |evel power) to

t he conpr édebracgerding faandndoar requitetl codihgseapatipy. nRefieriing G0 RIG. Supaty power
of as ecori‘lgdicl:a é’g Ly ggl%%%rlliﬂels ?evp%se%?)[,\h%rezmcgl?nt top c?ischarged cooling agent.
FIG. 3 is a block diagram of an air conditioning unit according to a preferred
embodiment of the present invention.
15 As shown in FIG. 3, the outdoor unit 1 comprises a communication circuit unit
8, an outdoor control unit 4, a power level control unit 6 and a PWM vaive driving unit
7. The communication circuit unit 8 transmits/receives data to/from the indoor unit
group 9. The outdoor control unit 4 is connected to the communication circuit unit 8 to
enable fransmission/reception of signals to/from the communication circuit unit 8. The
20 power level control unit 6 controls the level of power supplied to a motor 2a of the
compressor under the control of the outdoor control unit 4. The PWM valve driving
unit 7 drives the PWM valve 3 under the control of the outdoor control unit 4.
The power level control unit 6 is comprised of a first supplying unit 6a to supply
power of a first level (first level power) to the compressor motor 2a, and a second
25 supplying unit 6b to supply power of a second level (second level power) to the
compressor motor 2a. In this case, the second level power is less than the first level

power.



conpressor nmotor 2a. In this case, the second |evel power is |ess than the
first level power. 6 WO 03/093735 PCT/KR02/01068 The first and second
suppl yi ngvorisog378s and 6b are connected in parallel wth eatkRherssand
electrically connected between alternating current (AC) power source Vs
and the notor 2a to forma closed circuit. The first supplying unit 6a
supplies the first |level power during a |oading operation of the
conpressor 2, while the second 5 supplying unit 6b supplies the second

| evel power during an unl oadi ng operation of the conpressor 2. \Wen the
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less than the first |evel power during the unloading operation of the

conpr essorsupplyinganitgbrsuppliasitbe sacorut levelpbwepfuririyear tdoadingiopératisroihe
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of thei1d nixaot askivatedl unit 16 itself. Further, the indoor control unit 16
i Accordingly, the compressor motor 2a is supplied with the first level power
during the loading operation of the compressor 2, and supplied with the second level
power less than the first level power during the unloading operation of the compressor
2.
15 Each of the indoor units of the indoor unit group 9 comprises a communication
circuit unit 15 to transmit/receive data toffrom the outdoor unit 1, an indoor temperature
sensing unit 17, a desired temperature setting unit 18, an indoor fan 11, the electric
expansion valve 12, and an indoor control unit 16 connected to the above units to
enable transmission/reception of signals.
20 The indoor control unit 16 receives indoor temperature data sensed by the
indoor temperature sensing unit 17 and temperature data preset by the desired
temperature setting unit 18. The indoor control unit 16 has information on a cooling
capacity of the indoor control unit 16 itself. Further, the indoor control unit 16 may
calculate a required cooling capacity on the basis of a difference between the indoor
25 temperature and the preset temperature, and the cooling capacity of the indoor control

unit 16. Alternatively, the indoor confrol unit 16 may calculate the required cooling

capacity on the basis of only a cooling capacity of each indoor unit. The required



calculate a required cooling capacity on the basis of a difference between
the i ndoor 25 tenperature and the preset tenperature, and the cooling
capaci ty wb oglegs7Bhdoor control unit 16. Alternatively, tRETIKRIROI0680Nt I Ol
unit 16 may cal culate the required cooling capacity on the basis of only a
cooling capacity of each indoor unit. The required 7 WD 03/093735

PCT/ KRO2/ 01068 cooling capacity cal cul ated by each indoor unit of the

i ndoor unit group 9 is transmtted to the outdoor control unit 4 through

t he conmuni cation circuit units 8 and 15. The outdoor control unit 4
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supplying unit 6b to supply the second Ievel power to the conpressor notor

2a dur iing unitading thaslcortesppatgtd #tum oh amkidf e BWADVaIvE@. unit 6a includes a
first swwtch SWL which is turned on or off 20 according to an operation of
t he out door cornfthecbutdoortcohtrollimit 4 determines ttdh le8eiofi power dm be suppliedntodbe i es

bet ween the AC power Vs and the con‘ﬁr essor notor 2a. The ]
compressor motor 2a according to whether an operation cycle of the compressor 2 is

the loading operation or the unloading operation. Then, the outdoor control unit 4
controls the power level control unit 6 according to the determined power level.

15 Referring to Fig. 4, the power level control unit 6 is comprised of the first
supplying unit 6a to supply the first level power to the compressor motor 2a during the
loading operation, and the second supplying unit 6b to supply the second level power
to the compressor motor 2a during the unloading operation.

The first supplying unit 6a includes a first switch SW1 which is turned on or off

20 according to an operation of the outdoor control unit 4. The first switch SW1 is
connected in series between the AC power Vs and the compressor motor 2a. The
second supplying unit 8b is comprised of a second switch SW2 which is tumed on or
off according to the operation of the outdoor control unit 4, and a coil L. The second
switch SW2 and coil L are disposed in series between the AC voltage source Vs and

25 the compressor motor 2a while being connected in series with each other, and are
connected in parallel with the first switch SWH1.

The caoil L functions as a reactor to restrict (reduce) a voltage of the AC power



second supplying unit 6b is conprised of a second switch SW which is

turned on or off according to the operation of the outdoor control unit 4,

and a coiwol3/093185s second switch SW2 and coil L are di SpoPEU/KRO2OEI6BES

bet ween the AC voltage source Vs and 25 the conpressor notor 2a while being

connected in series with each other, and are connected in parallel wth

the first swwtch SW.. The coil L functions as a reactor to restrict

(reduce) a voltage of the AC power 8 WD 03/093735 PCT/ KR0O2/ 01068 Vs.

Anot her el ectrical part having the same function as the coil L can be used
t hat
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restrictegfydsige is determned by 5 reactance of the coil L, and the
second | evel power is less than the first |evel power. If the operation
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4 turns on the first switch SW. of the first supplying unit 6a, and turns
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operation is nodeled as a circuit shown in F 5B. Referring to FIG 5B,
a vol t age Zdswhich@perdtionts modéled esascirobit $hvciariGeSAor notor 2a is | ess than

t he power voltage Vs by a voltage Vs2 equal to a voltage drop induced by
the coil L. If the operation cycle of the compressor is the unloading operation, the outdoor
control unit 4 turns on the second switch SW2 of the second supplying unit 6b, and
turns off the first switch SW1 of the first supplying unit 6a. Accordingly, the second
switch SW2 is turned on, so the AC power Vs is restricted by the coil L. That is, the

15 voltage of the AC power Vs is reduced by a predetermined voltage to generate the
second level power, which is supplied to the compressor motor 2a. This operation is
modeled as a circuit shown in FIG. 5B. Referring to FIG. 5B, a voltage Vs1 present at
both ends of the compressor motor 2a is less than the power voltage Vs by a voltage
Vs2 equal to a voltage drop induced by the coil L.

20 Referring to FIG. 6, the outdoor control unit 4 controls the PWM valve driving
unit 7 according to the total required cooling capacity obtained by summing up
required cooling capacities of the indoor units to allow the compressor 2 to periodically
perform the loading and unloading operations. In this case, the PWM valve 3 is turned
off during the loading operation, and turned on during the unloading operation. The

25 outdoor control unit 4 turns on the first switch SW1 and tumns off the second switch
SW?2 so as to supply the first level power to the motor 2a during the loading operation.

Further, the outdoor control unit 4 turns off the first switch SW1 and turns on the



20 Referring to FIG 6, the outdoor control unit 4 controls the PW val ve
driving wunit 7 according to the total required cooling capacity obtained
by sunm mgowp/09a7egiui red cool i ng capacities of the indoor ®QTKERIRO1®EI ow t he
conpressor 2 to periodically performthe |oading and unl oadi ng operations.
In this case, the PMMvalve 3 is turned off during the |oading operation,
and turned on during the unloading operation. The 25 outdoor control unit 4
turns on the first switch SW and turns off the second switch SW so as to
supply the first level power to the notor 2a during the | oading operation.

furns on SRERORASABES AL othbictat MRBei el birciolfiy rifb S BpoEe T o
suppl y th%nﬁﬁgg,gg)geﬁ@h_ power to the notor 2a during the unloading

operation. As above, the outdoor control unit 4 oppositely
control s the fiAssdesafiged as@\madwesmasd%\ﬂﬁanﬁwurﬂtr%@&i@mghﬁd@ghé first BRd
g

operation cycle of the conpressor. As shown in F power consunption

P1 duri ng sebendiswitches r)\dErceS\\Eradoerineto the spetdiion oyble ab Ve corpreeEaDt | on
P2 during the | oading operation. That is, only minimal power for no-I|oad
oper at i on Assshowipini idg durawey coneurnplianeildd dyriag theaunloading beeratiombecomes

nmet hod of  operati the air conditioning unit having the above construction
i s descri RS§ %@Fﬁnge‘?%ﬂ’%n%@w@m@ap%du‘i@ thes laagingoBperation. r olhat i, tonly

Coof . A Bt PEHFA 68 FEARL LB BB SR 0BR ™ o
oper ati on of an it Bufiehol of paSatbo T ol 2oRlorifg Uht FRRHG HEREAET S, 27
cooling epR&RIcioNistestrbdd WRPlefdtBhée ol g1 S, 1T the total required

cooling capacity is "0", the 15 outdoor control unit 4 turns off the first
and segond swi ThbesutGydr aontrdb\Witt 4 Gliibtédier tataNRIgEREP codliry capadrySBp2. | f

there is any requirenent for a cooling operation of an indoor unit at step
summing up required cooling capacities transmitted from respective indoor units of the
indoor unit group 9, and détermines whether there is any requirement for a cooling
operation of an indoor unit at step S101. If there is no requirement for a cooling
operation of an indoor unit, that is, if the total required cooling capacity is “0”, the
15 outdoor control unit 4 turns off the first and second switches SW1 and SW2 to stop the
compressor 2 at step S102.

If there is any requirement for a cooling operation of an indoor unit at step
$101, the outdoor control unit 4 determines an operation rate of the compressor
according to the calculated total required cooling capacity at step $103. Then, the

20 outdoor control unit 4 determines on and off times of the PWM valve 3 within a given
cycle in correspondence with the operation rate of the compressor at step S104.

Then, the outdoor control unit 4 determines whether the operation cycle of the
compressor is the unloading operation at step S105. If the operation cycle of the
compressor is the unloading operation, the outdoor control unit 4 controls the PWM

25 valve driving unit 7 to turn on the PWM valve 3, and simultaneously turns off the first

switch SW1 and furns on the second switch SW2 so as to supply the second level

power to the compressor motor 2a at step S1086.
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S101, the outdoor control unit 4 determ nes an operation rate of the
conpressor according to the calculated total required cooling capacity at
step 5103wOThe#9s733 he 20 outdoor control unit 4 determ nesPGIT{Iaxr:ld/Oﬁf@ times
f the PMM valve 3 within a given cycle in correspondence with the
gperation rate of the corrpregsor at }s/t ep 5104. Then, the outdoor control
unit 4 determ nes whether the operation cycle of the conpressor is the
unl oadi ng operation at step 5105. If the operation cycle of the conpressor
is the unloading operation, the outdoor control unit 4 colntrol s the PWM 25

I drivin | : | . and si.mul t aneous turns
st e 121 Y el s RS T ol U Rl e

ly th c W cordE ety sty . at e :

w5 005 IPBL ! KR oo PP&'%te&gaper At @ﬁé@%ﬁ{@é %eﬁgﬂc?ﬁr%% %ﬁgg i s

t the (3¢ {ading t SEPPS 107 eif et hepati eq ing .
ggterm' ngsmb\/\hetsgﬁigﬁﬁi opera??e(;ﬁﬂogﬁzl e of anhe mgorrpre?ggir%! S EHﬁgb%%'a%! ng
oper at i on ogerativepthimitdodriconinel wiitet edritrts thedPWM salvbelrilingdinityy tooaT affi on,
t he outdoor control unit 4 controls the PWM valve driving unit 7 to turn
of f 5 the tRVMIvalves3, andsimuiianecsaly dumisyon: the fisst switch SVIT asd temé oifithéW. and
turns off the  sec W tch SW2 so as to supply the first |evel power to
the conpr SESYM S Elqg'r sgtasr{g SEpPly thejist level pawetigdhe comprasger moter 2aiaé

conpr essor, i the | oading operation at step S107, a next processing
step retuﬁ?f?"c}%step S102 to stop the conpressor 2 by turning 10 off the

first and seco ] e _enhodi t of the
present invent ir"gtrq,é% n?%%@a@ﬁeu%ﬁ%rh%ﬁ%ﬁg% 'P%f‘ﬁgﬁgé’%?ﬂ'é’m : £P of
' I L o i's
sed, Cony Y I o 5 17 1 0P iy 2o
enmbodi e nofftiu firsiarid sEdohd gwittteed W lanadfS\wawer supplied to the conpressor

notor by 15 adjusting a voltage and a frequency of the AC power.
In the above embodiment of the present invention, an apparatus and method

of controlling the level of power supplied to the compressor motor by using a coil as a
reactor is used. Contrary to this embodiment, there will be described another
embodiment for controlling the level of power supplied to the compressor motor by
15 adjusting a voltage and a frequency of the AC power.
FIG.9is a' block diagram of another air conditioning unit according to another
preferred embodiment of the present invention.
As shown in FIG. 9, the power level control unit 6 controls the level of power
supplied to the compressor motor 2a under the control of the outdoor control unit 4,
20 and is electrically connected between the AC power and the compressor motor 2a to
form a closed circuit. The power level control unit 6 is comprised of a switching unit
6c, a converting unit 6d and an inverting unit 6e.
The outdoor control unit 4 controls the switching unit 6¢ according to the
operation cycle of the compressor. During the loading operation of the compressor,
25 the switching unit 6¢ directly supplies the AC power to the compressor motor 2a, and
the compressor motor 2a is supplied with first level power.

During the unloading operation of the compressor, the switching unit 6c

11



FIG 9 is a block diagram of another air conditioning unit according to
another preferred enbodi nent of the present invention. As shown in FIG 9,
t he powerwbamsep37zadntrol unit 6 controls the | evel of powelPCTS8(RWIoI@E to the
conpressor notor 2a under the control of the outdoor control unit 4, 20
and is electrically connected between the AC power and the conpressor notor
2a to forma closed circuit. The power |l evel control unit 6 is conprised of
a switching unit 6c, a converting unit 6d and an inverting unit 6e. The
out door control unit 4 controls the switching unit 6c¢c according to the

compr essoPbUsSnBIAC BEnERPREERieri UhRed: he Q7RG IRECR! Gl e

¢
conpr esso 1 hg uni Irectly supp AC power to the

CONpr essopcob 0kr iARy diﬁéew ngr%t& CfE)@WoWéF,OéndT&ﬁtﬁtﬁts 3he DT pORE tceeVihiditirig T St

| evel power. ring t adi ng operation of the conpressor, the
swi t chi ngyupipeé. Phe invdri@ UMRGRINERS DRG0 BE powepand siniultanebyshner t o

the converting unit 6d. The converting unit 6d converts the AC power into
di rect cusuppiies (sBEng tavet powerdoltainpdthy redecimrCthpoveitageandiequeney of e uni t
6e. The inverting unit 6e inverts the DC power into AC power, and

si nul t @ned@spawer a predeterained arpeynt e conrasseE AF 4% duci ng t he

;Vﬁ'et EgﬁE?ZSSE? %}a‘?ﬁ?&ﬁ li%fFléEﬁ 0, i oo VB end aotedieiey i g8 R oA WL quency
the' unl oaBPRE cEPicd o BREmuMBRelFheld, 2HS BRI R0 SRoRRNG ofdafie "0,
and a fr eeles dPadlrebdiPodmparba Wi volBGes/b driiRireqtericy f BPtedialIes or

g the 10 us

nmot or 2a adi hg ‘operation, t to preventing generation of

undesi r ab?@w@P‘@?pﬁéﬂ“%&"fﬁé | @Pnpréssdiemetor bag cﬁlhﬁ?ethet Ibading espsrationy eos i on
provides an air conditioning unit and nethod of controlling the sane,

whi ch guppravestifid ?éﬁeriaﬁor%f umdesirableopowengonesmption.a  cool i ng agent if an
operation cyel isodesiﬁg:dnggng?%; r;rgs&t lin?/gg’tlior|]1gpr(c)J\llljige[:‘é’:1 ta||1 %ir;’coﬁgigoning unit and
method of controlling the same, which supplies first level power for compressing a
cooling agent if an operation cycle of a compressor is a loading operation, and
supplies second level power less than the first level power as minimal power for no-
15 load operation if the operation cycle of the compressor is an unloading operation, thus
decreasing undesirable power consumption caused by a compressor motor during the
unloading operation.
Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
20 modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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supplies second | evel power less than the first |evel power as m ni nal
power for no 15 | oad operation if the operation cycle of the conpressor is
an unl oadwog3ogsgsat i on, thus decreasi ng undesirabl e powePCEXRIMPIGEON
caused by a conpressor notor during the unloading operation. Although the
preferred enbodi nents of the present invention have been disclosed for
illustrative purposes, those skilled in the art wll appreciate that
various 20 nodifications, additions and substitutions are possible,

wi t hout departing from the scope and spirit of the invention as disclosed

in the acm. 12 WO 03/ 093735 PCT/ KR0O2/ 01068 WHAT IS CLAI MED
IS 1. A "ation (PWW) conpressor, conprising:. a notor; 5 a
first notor controller for supplying first |evel power to said notor during
a | oading operation of said conpressor; and a second notor controller for

suppl yi ngsecomda pane witth Wesduiepn (Phm) &ﬁh&eéédrséomérﬁw power to said
nmotor during an unloading operation of said conpressor.” 10 2. The PW

conpressor accanttowg to claim1l, wherein said second notor controller
conprises restricting nmeans for restricting alternating current (AC) power.
3. The5PWM conpriissisootonaootrdiendor suprhingis) lavek pewer toasald mastor idotingig neans
restricts said AC power by reducing a voltage of said AC power. 15 4. The
PV conpr ©8dibg opetalipaioh §aiEl 6oRPERSFPB andher ei n said restri ctl ng means

pover ~and sai 8 SRV M n Rl ARG AoPRI LaR Bavel 6T TaBiso ﬁa¢ 20
5. A compPUSERIeR TG Raig PG AP ehUyfieBlrd cherdloRrd SRR E er at o and
an

10 2. The PWM compressor according to claim 1, wherein said second motor

controller comprises restricting means for restricting alternating current (AC) power.

~ 3. The PWM compressor according to claim 2, wherein said restricting means
restricts said AC power by reducing a voltage of said AC power.
15
4. The PWM compressor according to claim 3, wherein said restricting means
is comprised of a switch and a reactor which are disposed between said AC power

and said motor while being connected in series with each other.
20 5. The PWM compressor according to claim 4, wherein said reactor is a coil.

6. A compressor having operation cycles including a loading operation and an
unloading operation, comprising:
a motor for receiving first level power during said loading operation of said
25 compressor and receiving second level power less than said first level power during

said unloading operation of said compressor.
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unl oadi ng operation, conprising: a notor for receiving first |evel power
during said | oading operation of said 25 conpressor and receiving second
| evel powwD oBeg¥33 han said first | evel power during sai dPORIKRAIONGS
operation of said conmpressor. 13 WD 03/093735 PCT/ KR02/01068 7. An air
conditioning unit, conprising: a conpressor for performng a | oading
operation and an unl oadi ng operation and conpressing a cooling agent
during said | oadi ng operation, said conpressor including a notor for
receiving first |evel power during said | oading operation of said 5

conpressor and,r L Vi g hower |ess than said first |evel
LA o L

power during sai on.®>"8. The air conditioning unit

according to ' ' i RV ui LRI wer
required to o%r%gﬂe)?%sgmﬁ%?ﬁg? @Qgra?ﬁﬁgmg.dp%yﬂp{] hod of ug%gglggidr%@ﬁﬁ

conpr essadnd Bormpredsingca udolingBigegt tiirly, saidildading Hpeestivn shidviorgprasssradi ng
operation for conpressing a cooling agent and an unl oadi ng operati on,
conpri si rigcludiing st mptordér receivpigyfirsidevel power durng paiddoading apermtion obsaidai d
conpressor during said | oading 1s operation; and $UPI0| ing second | evel
pover beseonprassarang rerelying|segend jaypkpowey lsss thamsait Irsaéveﬁ@ovg%n Quringl oadi ng
operation. ;10. An air conditioning unit conprising: 20 a conpressor having
a | oadi ngsakhurigading operatiednpr essi ng a cool i ng agent and an unl oadi ng
operation; and a controller for controlling said conpressor, said
controller conprising, a power |level control circuit for controlling power

level suppliedgthdqir conditioning unit according to claim 7, wherein said second level
power is minimal power required to operate said compressor.
10
9. A method of operating a compressor in an air conditioning unit, said
compressor having a loading operation for compressing a cooling agent and an
unloading operation, comprising the steps of:
supplying first level power to a motor of said compressor during said loading
15 operation; and
supplying second level power less than said first level power to said motor

during said unloading operation.

10. An air conditioning unit comprising:
20 a compressor having a loading operation for compressing a cooling agent and
an unloading operation; and
a controller for controlling said compressor, said controller comprising,
a power level control circuit for controlling power level supplied to a
motor of said compressor, said power level control circuit allowing first level
25 power to be supplied to said motor during said loading operation and allowing
second level power less than said first level power to be supplied to said motor

during said unloading operation.
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notor of said conpressor, said power |level control circuit allowng first

| evel 25 power to be supplied to said notor during said | oading operation
and al | owog3serend | evel power |ess than said first |evelPCpomR/01@8be
supplied to said nmotor during said unloading operation. 14 WD 03/ 093735
PCT/ KRO2/ 01068 11. The air conditioning unit according to claim 210,
wherein said power |evel control circuit conprises restricting neans for
restricting alternating current (AC) power. 5 12. The air conditioning
unit according to claim1l, wherein said restricting neans restricts said
AC power by reducing a voltage and a frequency of said AC power. 10 13.
The air conditioning unit according to claim12, wherein said restricting
means is conpritqeghefaircsHemivhin g'mﬁt atitbkdiddfo EIQBY%tWHQre'ﬁ%Eid/bG\A%‘P el!)Cnto

direct current (DC) power, an inverting unit for inverting the

power i nt cortédl peinveit ccanphgeedwstmmwg mecatel fargestiating raﬁénﬁﬂﬁg’ RirrefBi(ACHC
power to be supplied to said notor of said conpressor.
power.

12. The air conditioning unit according to claim 11, wherein said restricting
means restricts said AC power by reducing a voltage and a frequency of said AC

power.

10 13. The air conditioning unit according to claim 12, wherein said restricting
means is comprised of a converting unit for converting said AC power into direct
current (DC) power, and an inverting unit for inverting the DC power into AC power
and reducing the voltage and frequency of said AC power to be supplied to said motor

of said compressor.
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