WD 02/ 066902 PCT/ KROL/ 01758 1 Al R CONDI TI ONER AND METHOD OF CONTROLLI NG
THE SAME Technical Field 5 The present invention relates generally to an
ai r condiwoanesesand nmet hod of controlling the sanme, and mom&guantissul arly
to an air conditioner enploying a pulse w dth nodul ated conpressor and
met hod of controlling the sane. Background Art 10 Recently, as buil dings
have becone | arge-sized, demand for nulti-air conditioners, in which an
outdoor unit is connected to a plurality of indoor units, has been

i ncreased. In general, the individual indoor units of such a nmulti-air
conditioner have different required cool ing capacities and each of the

i ndoor units 15 is i pendent |y operated, such that the total coaoling
capact ty obt ai ned M CONRHIGNERANBMEHOD OF CobtRoldNG. BESAMEr 211 (e
i ndoor units is varied. Accordingly, in order to neet the variation of the

total required cooling capacity, the capacity of a conpressor is adjusted
according to the igghmgaﬂgelﬁ the total required cooling capacity, and the

opening ratio of an electric expansion valve situated 20 upstream of an
i ndoor heat exchanger or evaporator is controlled for each of the indoor
units. Assa conpr @hs predeat inngntioncrefzdas generally ie anaii cathdidioner atichigrethmdt dfe

variation of reqyi red cool ing capacity,.a variabl.e-speed conpressor is
nown.  Such SoAIRCAP SATEcan BE PALCYRA S 2rl Ak cPRIGrE SEMGH I & RS
Conpr essor agfdk fHoddilsted ddmpréesarairidahéthdd ef cdrirelling e sfle.CoOl i Ng capacity
by varying the frequency of a current applied to a notor through an

inverter control nethod and thus controlling the rotational speed of the
nmotor. The convenig,@Rato A@b! e-speed conpressor requires a circuit for
controlling the s not or according to the required cooling
capacity.10The control circuit has a converting unit for converting an AC 30
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vari abl e- speegnditiorers fswhich andiusdsbr anit &gmnnscted to a plurality of indoor units, has

been increased. In general, the individual indoor units of such a multi-air

conditioner have different required cooling capacities and each of the indoor units

15 is independently operated, such that the total cooling capacity obtained by

summing up the required cooling capacities of all the indoor units is varied.

Accordingly, in order to meet the variation of the total required cooling capacity, 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

20 upstream of an indoor heat exchanger or evaporator is controlled for each of the

indoor units.

As a compressor having a capacity to be varied according to the variation

of a required cooling capacity, a variable-speed compressor is known. Such a

variable-speed compressor adjusts the capacity of the compressor according to

25 the variation of the required cooling capacity by varying the frequency of a current

applied to a motor through an inverter control method and thus controliing the

rotational speed of the motor. The conventional variable-speed compressor

requires a circuit for controlling the speed of the motor according to the required

cooling capacity. The control circuit has a converting unit for converting an AC

30 power voltage into a DC power voltage, and an inverting unit for inverting a DC
power voltage into an AC power voltage.

However, the conventional variable-speed compressor is disadvantageous



WO 02/ 066902 PCT/KR01/01758 2 in that its efficiency is deteriorated due
to a significant | oss of energy in the control circuit. A Pulse Wdth
Modul at edwQRPBRS69eDNPr essor is di scl osed as anot her type @CT/KR01/01758

vari abl e-capacity conpressor in U S Patent No. 6,047,557 and Japanese 5
Pat ent Lai d-open Publication No. 8-334094. The PWM conpressor is
effectively used in a refrigeration systemhaving a plurality of
refrigeration conpartnments or freezing conpartnents, but it is not equally
applied to an air-conditioning system for buildings, which has a different
control environment fromthe refrigeration system 10 Fig. 8a is a view

showi ng the contyol erat.ign, and, suction pressure of convent i onal
conpr essor whe agfs[ %‘ﬁ@?nqyéﬁgﬁpé'aq%%ﬁy?\ %&E’Q@'F"f‘@ﬁ ofﬁe@glrpy '836‘? &9 in

t he unl oadi ngjrgiitat e of the conpressor, and Fig. 8b is a view showi ng the
control operation andw's%tion ressure of the conventional conpressor when

a total requiredAcodss Hydiddfeeiatpd nBYIMkeampEsss S digcipred A anelhar Wgest at e
of the 15 cg éﬁe?;ﬂ@-%apé;igtggé dlw;ﬂagécgnﬁ 0.S.8PatcH Rid. & 007 857 reﬁ&@”.'%%&%ﬁe%@‘)l I ng

capacity has been decr _ oadl ng state (a state

di schar gi ig Pafant §eidenpen Ruddication Mo. $3R40R4. vEhe BVYMronmpresgords effiectively
correspondin Ta), 3 ; ' t _sucked
ot he comPed ELF rebclal silalyvind dBIGSRLE ioerb B banbatiibASiore

| oadi ng ti nefrédgingicompartcenis; basidis nst écpmptly apgiesadomn air-toraditiondny sygendi ng

cycle (Nth cycle).,.so the c ressor discharges nore refrigerapt than an
actual |y req%lﬂrr IingS v M Rggfar Pg%F%{ﬁtC.O”&Bfr’ gPY'T‘WB"% fﬁf@.fﬂgﬁ?ﬁmﬁwa t ot al
required cookjdigmcapacity has been decreased in a |loading state (a state of
di scharging refrigerant, wherein the PWMvalve is turped oft) of a
correspont¥i ng 25 %stIS@ ig R Hewahrwing the<conBaleregationnand yction riesuwRRhAessor
|'s kept the 3g%RiBndi"EomBRSESS MHEA B0 tHHIC hyuhrbl hcé‘dﬁﬁ{;ea:apa-&‘tgfﬁésorb%ent he
conpressor discharges nore refrigerant than an.actually required anount of
refrigerant . décreasel inghg unipading state ofthe soepssser, end tfig. %ﬁ)ﬁﬁﬂé@& ghowing

oo easel oy SRl dpdifid e 1diB BRAYLACrHE bévehbbbl € Hpfestf Ghéd o' © "0

total required cooling capacity has been decreased in the loading state of the
15 compressor. |
Referring to Fig. 8a, when a total required cooling capacity has been
decreased in a unloading state (a state of not discharging refrigerant, wherein a
PWM valve is turned on) of a corresponding cycle (Nth cycle) (Ta), the amount of
the refrigerant sucked into the compressor from an indoor units is decreased.
20 However, the loading time (A) of the compressor is kept the same in the
corresponding cycle (Nth cycle), so the compressor discharges more refrigerant
than an actually required amount of refrigerant. Referring to Fig. 8b, when a total
required cooling capacity has been decreased in a loading state (a state of
discharging refrigerant, wherein the PWM valve is turned off) of a corresponding
25 cycle (Nth cycle), the loading time (A) of the compressor is kept the same in the
corresponding cycl(é (Nth cycle). Therefore, the compressor discharges more
refrigerant than an actually required amount of refrigerant. Accordingly, the suction
pressure of the compréssor is decreased excessively in the corresponding cycle
(Nth cycle) (refer to “D” in Fig. 8b).
30 Hence, in the prior art, even though the actually required cooling capacity is
decreased in the corresponding cycle, the capacity of the compressor is not
adjusted in the corresponding cycle. After the corresponding cycle is over, the



30 Hence, in the prior art, even though the actually required cooling
capacity is decreased in the corresponding cycle, the capacity of the
conpr essowoiR/oe®d2 adj usted in the correspondi ng cycl e. APCEFKRI®1758
correspondi ng cycle is over, the WO 02/066902 PCT/ KRO1/ 01758 3 capacity of
the conpressor is varied to correspond to the varied required cooling
capacity. As described above, if the air conditioner enploys the PW
conpressor, a loading tine when refrigerant is discharged and an unl oadi ng
time when refrigerant 5 is not discharged are cyclically repeated during
the operation of the conpressor, such that the flow of the refrigerant

occurs periodically_in a cycle. Hence, if the city.of the conpressor
s not. Swi f t PR e COPERSERT I8 NETEH I POTERRGNY &t T VaTieRfOBERSLEPRING ¢ he
suction presggﬂ;@bi@f the conpressor may be rapidly decreased or increased,
thus incurring daitage to the conpressor and causi ng the stoppage of 10 the
conpr essor oper at Asrflespasoatave, if thesl eandiiioner eneelPksthed™\Vbl ePmpEseet: ad

Ui . . e ; c j " th
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i ndoor unist sisanet dibthaggetl e opboally eepended ddiingatheyoderationr afiba tcompredser,

respective indqo t ,exc ers frombeing .1 vercool ed. Discl.osure of
e’ Tvent i oRUSL tiatane G5y ot ahe rearal e Heraib it BadiRrmten e R o
the above 2@apadtydfihe edtfiprebsdrss Aot st adjustedtd mept traotal fotuiked codlingo
provide an air caonditioner and nethod of controlling the same, which is
capabl e of pfarglyy theoRistion pragpuse of dhe CRRPERSSAE MsYIPS GERIdlY dpereasgdi Pred
cool i ng capagi P i ' RO rE QTP BRS BalisihG tHRPKH fl n
accordance vvlmt %(a%eﬁé{@%g%dﬁmﬁlﬁge@épﬁe@grﬁ iprﬁvention, t%eéaboveggér?gi}o%
ot her obj &ct wmmp@ssqmnﬁilonshed by the provision of an air conditioner,
conprising a conpr r ViR Y i :
control signal, t“ﬁ@ég\ﬂ?@ﬂwcg@% r gﬁ g?%ﬁ%%%goﬁﬁl g?‘{"ﬁ%egcgﬁge"ﬂ%%ﬁ%‘@?géfﬂﬁ
under go a | ogdimpgedsontischaryesekeesaiveiraigerant e inglost beat exahangsys bee aptd an
unl oading ti rtrg bfeocr)verlr*gcl)&cta ‘o' &vén 3fbzen. So, the indoor units are obliged to operate
periodically for preventing the respective indoor heat exchangers from being

15 overcooled.

Disclosure of the Invention

Accordingly, the present invention has been made in view of the above

20 problem, and it is an object of the present invention to provide an air conditioner

and method of controlling the same, which is capable of promptly controlling a

compressor according to the required cooling capacity rapidly varied while a PWWM
compressor is operated.

In accordance with one aspect of the present invention, the above and

25 other objects can be accomplished by the provision of an air conditioner,

comprising a compressor having a capacity variable according to a duty control

signal, the duty contrdl signal controlling the compressor to undergo a loading time

for maintaining a loading state in a cycle and an unloading time for maintaining an

unloading state in a cycle; and a control unit for determining the loading time and

30 the unloading time according to the variation of a total required cooling capacity to

generate the duty control signal even before a corresponding cycle is over, when

the total required cooling capacity has been varied in a corresponding cycle while



unl oading state in a cycle; and a control unit for determ ning the | oading
time and 30 the unloading tinme according to the variation of a total

requi red woakiosggozapacity to generate the duty control sipgnaRoewerssbef ore
a corresponding cycle is over, when the total required cooling capacity
has been varied in a corresponding cycle while WO 02/066902 PCT/ KRO1/ 01758
4 the conpressor is operated, and controlling the conpressor according to
the duty control signal. In accordance with another aspect of the present
invention, there is provided a nethod of controlling an air conditioner
including a conpressor with a 5 capacity varied according to a duty
control signal having a loading tinme and an unloading tine in a

cor r espondi n¢hecg@npresgomig ropsraied, tamd contrplingthesgonaipressariacgonding todberdutyssor ; -
b) deterniniﬁg.mﬂ kﬁg[ a total required cooling capacity has been vari ed;
and c) deter oy § ‘oading tine and an unloading tine according to the
vari ation of the tlmtailicorce’tmuérwﬁh camothen gaspaphof tthie t gregenteinadetion, ddng ont r ol

i gnal 10 bef d e | “when the { o al
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Description of thé Drawi ngs 15 The above and at her jects, features and
ot her advant &§9ading time i CorRSPONAINGRYCIeo ROMPIISING éhenplebs of ahewrsralingithest ood

: the fol Lo e e ) ) . )
acoonpanyi ng HEISEE! 5] AEEARPE ukthétla 158K RAIEA PRI EAMdRly Wb oo
ai r-condi t i ovaned;@ @ defteranining @ loading timerand am unRadiag dioredacooeding tdthehe

t i ti.on: FEig. [ [ , ] t.h ' it PWM
Compr essor  dningyeat e O ol ity ShRtyt O orrRBite 22 B8 el sBher and
Fig. 2b i$0 aeverbefosdawonespdralingdyerds ogerpwbet trentotdh escpiréd cbolipng cdpasitya vi ew
showi ng the rel ation between the |oadi ,ng or unlo d!qr;_ﬂ @t attﬁ 25 and the
anount of di $@RaPEFY ‘faé'?\lg?@elaaﬁfm%ﬁﬂopﬂ'ﬁ t Aley pand  GHIolpg 1RE EYRPISSSYor of

this inventi @Reording to the duty control signal.

Brief Description of the Drawings

15

The above and other objects, features and other advantages of the present
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 an air-conditioning cycle of an air conditioner in

20 accordance with the present invention;

Fig. 2a is a view showing the loading position of a PWM compressor
employed in the air conditioner of the present invention, and Fig. 2b is a view
showing the unloading position thereof;

Fig. 3 is a view showing the relation between the loading or unloading state

25 and the amount of discharged refrigerant during the operation of the compressor of
this invention;

Fig. 4 is a block diagram of an air conditioner according to a preferred
embodiment of the present invention;

Fig. 5a is a view showing the control operation of the compressor when a

30 total required cooling capacity has been varied in an unloading state, and Fig. 5b is
a view showing the control operation of the compressor when a total required

cooling capacity has been varied in a loading state;



Fig. 4 is a block diagramof an air conditioner according to a preferred
enbodi nent of the present invention; Fig. 5ais a view show ng the control
oper at i onwofo2ib@ozonpr essor when a 30 total required coolPCAKRIApaSBtYy has
been varied in an unloading state, and Fig. 5b is a view show ng the
control operation of the conpressor when a total required cooling capacity
has been varied in a |oading state; WO 02/ 066902 PCT/ KRO1/01758 5 Fig. 6
is a flowhart showi ng the operation of an indoor unit of the air
conditioner of this invention; Figs. 7a to 7c are flowharts show ng the
operations of an outdoor unit of the ais conditioner of this invention;
and 5 Fig. 8a is vi ew show the control operation and sucti pressure
of a conventiona 'gcgr’rﬁr%ggwcﬂaﬂﬁeﬁh‘o&"% | ORRIGHATY 8 2RJB ?Qfgu@faﬁgglec i s

decreased i Neordipnenbrpldiméntést € of the conpressor, and Fig. 8b is a view
showi ng the control operation and suction pressure of the conventional

conpr essor when aFig8t @ to rege flewchasis| shayingaiheneyations i @ncautdadr junittdie

| oadi ng Statfﬁe%firéorﬁaitﬁﬂé%f%%%enﬂo%' Best Mode for Carrying Qut the

| nvention Fig. i's a view showm ng an air-conditioning cycle of an air
condi ti oner accoFigi Bg is a \tidwe shoemgrihe icontoltopenationhancasuction paegsumef al of

this i ti 1 ' 2 nd .3 |urglity of
el ectric expaupBiotA Tomp el el i draiebesanagorars: 8 SiatElinal e
sequent i al | ytheaiHiediefistate 6BbE cntiBessor, MrelBl. 88l b Bhowingitg comtrals t o

forma closed circuit. Arefrigerant pipe of the refrigerant piping for
connecting t PRETEIQIE RRAGRUGIAR HIESSUR *foihpr eywshiiona] &Ompéessomvvftﬁ% entlof the

electric exp@aﬁiré@caé}inyggplécigﬁs Betteadedih §R5IEENG sRie éfthercoewéysgg 20 the

fl ow of high pressure géerant di scharged by the conpressor
refrigeraitit pipe for connecting the outflow ends of the electric expansion

valves 4 to the 'g,g{' o) qucg]‘, i OﬁPfﬂ%rIWélﬁ'ior? Is a low pressure pipe 7
for guiding the fﬁow—l\on&ﬁmv—-p-rgs'gﬁre—ref—n-gﬂ-ant expanded by one or nore
el ectric expansion valves 4. The condenser 3 is installed in the mddle of
the high pressur eF%i. p1ei36%:1 \‘/gllenv(\j/ sth%(\?ving an air-conditioning cycle of an air conditioner
according to the present invention. The air conditioner 1 of this invention
15 comprises a compressor 2, a condenser 3, a plurality of electric expansion valves
4, and a plurality of evaporators 5, which are sequentially connected to each other
through refrigerant piping so as to form a closed circuit. A refrigerant pipe of the
refrigerant piping for connecting the discharge end of the compressor 2 to the
inflow ends of the electric expansion‘valves 4 is a high pressure pipe 6 for guiding
20 the flow of high pressure refrigerant discharged by the compressor 2. A refrigerant
pipe for connecting the outflow ends of the electric expansion valves 4 to the
suction end of the compressor 2 is a low pressure pipe 7 for guiding the flow of low
pressure refrigerant expanded by one or more electric expansion valves 4. The
condenser 3 is installed . in the middle of the high pressure pipe 6, and the
25 evaporator 5 is installed in the middle of the low pressure pipe 7. When the
compressor 2 operates, the refrigerant flows in the direction of the solid arrows
shown in Fig. 1.
The air conditioner 1 of this invention comprises an outdoor unit 8 and a
group of indoor units 9. The outdoor unit 8 includes the compressor 2 and the
30 condenser 5, and the indoor unit group 9 is comprised of a plurality of indoor units
arranged in parallel with each other. Each indoor unit of the indoor unit group 9

has one electric expansion valve 4 and one evaporator 5. Therefore, the air



25 evaporator 5 is installed in the mddle of the | ow pressure pipe 7. Wen
the conpressor 2 operates, the .refrigerant flows in the direction of the
solid arrwad2/0ed¥02nn in Fig. 1. 11 The air conditioner 1 offCrhi{mtiomxsénti on
conprises an outdoor unit 8 and a group of indoor units 9. The outdoor
unit 8 includes the conpressor 2 and the 30 condenser 5, and the indoor
unit group 9 is conprised of a plurality of indoor units arranged in
parallel with each other. Each indoor unit of the indoor unit group 9 has
one el ectric expansion valve 4 and one evaporator 5. Therefore, the air WO
02/ 066902 PCT/KR01/01758 6 conditioner § has a construction in which a

plurality of oor Its are commonl connected to, one outdoor un|t 8.
The capaciti é@ (g B CORF{RICHIRRy ‘X'h'ﬁir"nat Urafily of jdaog Upits am cospmonly

different. | Boﬁﬁ&téaat%rliﬁer&utd@d’r URH P Ol b ablﬂéseénd £BE bRINEiISd R URRE m3 for
measuring 5 the tenperature of refrlgerant low ng into the evaporator 5

i s instal | edbpidentiealionpifferasd. t he evaporator 5. An evaporator-outl et

t enperature senso Il | owi ng
it of the. evapor 1t BF 'BSAIFRE I pPbtatf-pERTHERAIS steof 31 IbARE ' ¢

The t enpersat maesmesalum dﬂefagekaﬁﬂﬂmmag micaihe dvaponatar$iis installed frethd éyjeitsf of
over heati ng t he r gera t he i ndoor as an i ndoor
Fan 37 si t cattaeparaph At pireraprodet Bmpdiayish otion S37oimeasu e tBor o +
to pass thr O‘t@ﬁpérﬂﬁxr@hsﬁﬂéﬂrg@?ém ﬂ5W|n‘§;det bﬁﬂwetévapoﬂamts i€ ¥kaIeg & the desief ofr ned
by the evaporator 5. As_shown in Figs. 2a and a vari abl e-capacity

conpressor c it SANCER}OT B é[heﬁam@ramréﬁenﬁ%lﬁ1a@n%ﬁ2 @ﬁﬁ]ﬁ@an§§°rerﬁ6?%'@8 as
t he Conpressﬁie&agrggé'efode?h ﬂgro?ﬁ‘%oréfr%el‘aﬂy udes a casing 20 having a

suction port di s e port , a motor 21 installed in the casing
20, a rot#ting scilsich ofithenisdooruritsrhas andndeny famaz@rtuatﬁg negr theevieperioron

B et o Ena s AL, B0t AP Lo P eyt 81 P g
stationary sdeetéxchangeis pafforrhed by thecaspogtd®,. a bypass pipe 25 is
N O T e = G o
installed inpyke QidASHoaUREoRSmanner is employed as the compressor 2. The
15 compressor 2 includes a casing 20 having a suction port 18 and a discharge port
19, a motor 21 installed in the casing 20, a rotating scroll member 22 for rotating
according to the rotation power of the motor 21, and a stationary scroll member 24
defining a compressing chamber 23 between the rotating scroll member 22 and
the stationary scroll member 24. In the casing 20, a bypass pipe 25 is installed to
20 connect the upper end of the stationary scroll member 24 and the suction port 18.
A PWM valve 26 in the form of a solenoid valve is installed in the bypass pipe 25.
Fig. 2a shows the state in which the PWM valve 26 is turned off to close the
bypass pipe 25. In this state, the compressor 2 discharges compressed
refrigerant. This state is defined as a “loading state”, in which the compressor 2
25 operates at 100% capacity. Fig. 2b shows the state in which the PWM valve 26 is
turned on to open the bypass pipe 25. In this state, the compressor 2 does not
discharge refrigerant. This state is defined as an “unloading state”, in which the
compressor 2 operates at 0% capacity. Regardless of the loading or unloading
state, the compressor 2 is supplied with a power voltage, and the motor 21 is
30 operated at a constant speed. If the power voltage is not supplied to the
compressor 2, the motor 21 does not operate and the compressor 2 stops.
Fig. 3 is a view showing the relation between the loading or unloading state



Fig. 2a shows the state in which the PWMvalve 26 is turned off to close
the bypass pipe 25. In this state, the conpressor 2 discharges conpressed
refriger awD.02Dbi982 state is defined as a "l oading state", PaTHROt01158e
conpressor 2 25 operates at 100% capacity. Fig. 2b shows the state in which
the P\M valve 26 is turned on to open the bypass pipe 25. In this state,
the conpressor 2 does not discharge refrigerant. This state is defined as
an "unl oading state", in which the conpressor 2 operates at 0% capacity.
Regardl ess of the |oading or unloading state, the conpressor 2 is supplied
with a power voltage, and the notor 21 is; 30 operated at a constant speed.

If the power voltage is upplied to the. conpressor the notor 21
does not oper@ﬂ‘JethﬁﬁH‘QWEOfdiﬁf%'ﬁ&egdﬁfr@e%%””gihg opgratign gf %‘P@W@ﬁ@%ﬁoﬁ t he

relation bet yeesndiie il PRAB e QonibadiiNepsbiy tg%@@ A% R PQE{;@%@?}J 01758

7 and the anpunt har r| ger an urrn ratlon
conpr essor 2.unigadinghsiatesi whil geing, opehaied oast éaﬁsbadmgrtmp@mddhg unyasding
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| oading time and unl-o i'e are vari

required csnoldlstglpamarefr@granm thé adimgptingss $los tem@r@tumffam@esarmétb'raﬁllsnt in
the | oadi ng tine qg eratureo t he ei/a orato t5 { .trast,
as the conpr d8<GNtrastyg 8?m8re§§w §oes &p GE}P%{H? IPIHI%RE lﬁ‘nth‘a NG i ne,

t he tenper at unge, the tdifipSHuRS bRhR eVaPbiA&rSH rléés AhGig.3, th@ére%rlﬂéicé!é@'\ﬁl&f ed
with oblique l'i'nes represents the amount of discharged refrigerant. A

si gnal for &Mwwlqneﬁg’epf?éenf@atHEnamu% Of rftisahREgegn relEgaraRf tv"nrréilgr@I def i ned
as a duty congy n?rblbn%‘?neg I20Rk: tlrﬁ\@”a% théa&ﬁcfbgfc r@t fgﬁet?é’ d%ﬁne?i’%ﬁ%oaut&oé&ﬁrﬂl uni t

as will be descri l'ater. “Fi g. IS I agram o e al
condi ti onéd csignal, Mhl@ysgener@te%bymmoatdﬁermonmhﬂunaswﬂ betles¢ibed laisent
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tenperature sensor 32, an jndoor tenperature sensor 34 and a_desired

t enper at ut®e SQ{QQQ{QPOmeml%IOH circuit unit 28 to transmit and receive data. Each of the

indoor units 9 has an indoor control unit 30 whose input port is connected to the

evaporator-inlet temperature sensor 31, the evaporator-outlet temperature sensor

32, an indoor temperature sensor 34 and a desired temperature setting unit 35.

The output port of the indoor control unit 30 is connected to both the electric

20 expansion valve 4 and an indoor fan driving unit 36. The evaporator-inlet

temperature sensor 31 detects the temperature of the refrigerant flowing into the

evaporator 5 through the electric expansion valve 4, while the evaporator-outlet

temperature sensor 32 detects the temperature of the refrigerant flowing out of the

evaporator 5. The indoor temperature sensor 34 detects the temperature of the

25 interior of a room or an air-conditioned space, and the detected temperature

information is inputted to the indoor control unit 30. If the indoor unit 9 is turned on,

the indoor control unit 30 controls the indoor fan driving unit 36 to turn on the indoor

fan 37, and adjusts a target opening ratio of the electric expansion valve 4

according to the degree of overheating evaluated on the basis of the outlet and

30 inlet temperature of the evaporator 5. On the other hand, if the indoor unit 9 is

turned off, the indoor control unit 30 closes the electric expansion valve 4, and

controls the indoor fan driving unit 36 to turn off the indoor fan 37.



The out put port of the indoor control unit 30 is connected to both the

el ectric 20 expansion valve 4 and an indoor fan driving unit 36. The

evapor at owoimioed902 t enper at ure sensor 31 detects the tenperamKrR101758he
refrigerant flowing into the evaporator 5 through the electric expansion
valve 4, while the evaporator-outlet tenperature sensor 32 detects the
tenperature of the refrigerant flow ng out of the evaporator 5. The indoor
tenperature sensor 34 detects the tenperature of the 25 interior of a room
or an air-conditioned space, and the detected tenperature information is
inputted to the indoor control unit 30. gf the indoor unit 9 is turned on,
the indoor control_unit 30 contrqls.the. indoor fan driving unit 36 to turn
on the indoor fah-h§7'f‘é%cf3 Ph‘éﬂ‘fsg%reicéfvﬁégh%ﬁ@ﬁq?éj WQP?rot%preﬁ?Hreeﬂr%t ric
expansi on vakye ifhooR teRMpEHGret SerisBP ﬁegﬁ&%h@fse@\tsﬁqg@ﬁétmre%&ﬁ%@a&@sqlreen t he
basis of the outlet and 30 inlet tenperature of the evaporator 5. On the

ot her hand, tempereturegetingwmitt359 The indeerrasitrok anit 3¢bas inivoratien @bl theni t 30

cl oses the el ri i t he 1 riving
ni ¢ 36 o ¢ SpAgr PRSP A botBatshatho [0y FBB.HH) ek Py o sl

i ndoor corst r ebolingi dap3bity @t tevesistdi ¢heddifferehesibetnden indoenteenEdratuse dmdset t he

i ndoor tenperature sensqr, 34 and the .set tenperature fromthe desired
tenper at ur 6 SAURFALITE AN % O ARARIY,OT do e PETSPRRRNO HFaRLUNE A Pt on
about the ceeblingdapaniacafiiie obresponding Faoding | ndoor unit, and can

eval uate a requi r%@S cool i ng _ca&am ty on basi s, of the difference

] th :
bet ween i ndoor tem ragyjred (_%9‘?5‘95 pac%ﬁ%’%@‘gp)ée_ﬁ%mgﬁﬁr%'ﬁﬁ@nﬁ@ﬂt&gi ty of
the correspopdidoitdd80ority binit 27 tBligh iHEcorfiRRhicBtort BR&MIUnts 20 drdess.
cor r espondi ng_ I ndoor unit. The required cooling capacity evaluated by each
i ndoor unit Jheoutdantisanirelsgit 27 saichlatesua il reqriied coplingneapagity ebiaived byt he
communi cati o I LCU Ik S 29 . : [ £0 i 7
cal cul at es ag%' Mﬁgl}@(}%rc é@h ocﬁﬁgﬁgg%ﬁa?&g%% g{)@%‘?ofépﬁ‘g@“%{é é'{])ém@lerqt]% SBOlt%he
cool i ng capathd cesmpresgor Reandyha REVVIndaiha 26rort the basis tdfidhe calculateds totalhe

conpressor 2 and the PWM val ye on' the sis of the calcul ated total
Coan T od-cooreirettoolid tAsHlY, EART Soedhe \obukle drad afd e uiodtng BhBbadi ng
time that aggtses séteresdinidodotal reqlitdd doilig cashoitpH & Bybls afTrddopntis a

cycl e of ?0 seconds. 15
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Table 1
_ Total required _ Total required
Loading ) ) Loading ) )
Unloading cooling ) Unloading  cooling
time i ) time ] )
time (sec) capacity time (sec) capacity
(sec) (sec)
(Kcal/hour) (Kcal/hour)
1 .
20 0 14857 0 10 695775
18 2 135.5-148.5 9 11 60.5-69.5
17 3 126.5-135.5 8 12 51.5-60.5
16 4 118.5-126.5 7 13 435515
15 5 110.5-18.5 6 14 34.5-43.5
14 6 102.5-110.5 5 15 26.5-34.5
13 7 93.5-102.5 4 16 17.5-26.5
12 8 85.5-93.5 3 17 1754
11 9 77.5-85.5 - - -




Tabl e I Loading Total required Loading Total required tinme Unloading
cooling tinme Unloading cooling (sec) tine (sec) capacity (sec) tinme (sec)
capaci ty wladalosdsour) (Kcal/hour) 20 0 148.5 T 1 10 69. 5- PCTEKR0G/01582
135.5-148.5 9 11 60.5-69.5 17 3 126.5-135.5 8 12 51.5-60.5 16 4
118.5-126.5 7 13 43.5-51.5 15 5 110.5-18.5 6 14 34.5-43.5 14 6
102.5-110.5 5 15 26.5-34.5 13 7 93.5-102.5 4 16 17.5-26.5 12 8 85.5-93.5
3 17 17.5k 11 9 77.5-85.5 - - WD 02/066902 PCT/ KR01/01758 9 The outdoor
control unit 27 outputs to the PW valve 26 a duty control signal for
determ ning the Ioading tinme and unloading time of the conpressor 2

according to the tgta uir dco aci t hereb djysting the
capacity of the cﬁ'}‘?p?létgg rql Hn@g? &tpﬁg ”E%P W@l %6%12804 3HW|CE°”§?’
checks the t Glgtal 'fcﬁ‘%étér@ﬁimﬁg%@|l¢é&1§ﬁrﬁé¢dnﬂ¥urﬂ@édlﬁ§i*hﬁn%' bﬁ/thercow&éégawsl y-
If the total required cooling acity been varied, the outdoor

control unit Wo@g}ﬂeﬁoaﬂ"ésid@l fﬁﬁujfe@@'ﬁP'ﬂQI cafpaglnmthqrgby agdivstingrihe eapacie of
| oading tine pr‘ﬁ'é%%@f Bg Iﬁ'dé?allt ‘Eh 8&It&€o?%ﬂﬂoltlﬂntti‘7ecﬂ&€kbgﬁé ‘Pc?alqjegu@
ed duty control

total requi re I ng capacit utputs the genera
signal to 5t h@ommamalm peﬂodlcailgrcmlaynfamlpuslyu rigtrertetad:aqmﬁrtedycodfngtdapacity

conpressor 2. 1 en th tot Ilng
capacity is \)Lﬁsr}é%ar\ \éar&d 3‘%8[@?%80”‘%88%%9 ﬁH‘V %ﬂﬂ‘é P[)adl ng
states. The mﬁrﬁﬁ?m@ﬁhﬁ |oddhgrtmmmn@u2badm diered t@gcdrregpoﬁd:&pmglmmﬁcgw She
vari ation amunt of the tot ui,red co capaci i s descri in
deta | with B e eRed 6 @C&%@ﬁwu s &%Wat%%auwr@atreoﬁm

capacity has thepiymardnetos, héBby BHRasHy e Thph&ty of the compressor 2. In such a
10 case, the time when the total required cooling capacity is varied is distinguished
depending on the unloading and loading states. The operation of determining the
loading time according to the variation amount of the total required cooling capacity
is described in detail with reference to Figs. 5a and 5b.
If a total required cooling capacity has been varied in an unloading state,

15 the outdoor control unit 27 varies a loading time as shown in Fig. 5a. Here, “(A)’ of
Fig. 5a represents the case where a loading time T3 in a corresponding cycle
becomes shorter than a loading time T2 in the previous cycle to correspond to a
decreased total required cooling capacity. “(B)’ of Fig. 5a represents the case
where a loading time T4 in a corresponding cycle becomes longer than the loading

20 time T2 in the previous cycle to correspond to an increased total required cooling
capacity. “(C)" of Fig. 5a represents the case where a loading time T5 becomes
longer to correspond to an increased total required cooling capacity, in which a
new cycle is employed because the loading time T5 is longer than a remaining
time Tb at the time Ta when a total required cooling capacity is increased.

25 Further, if the total required cooling capacity has been varied in a loading
state, the outdoor control unit 27 varies the loading time as shown in Fig. 5b. Here,
“(A)” of Fig. 5b represents a case where a loading time T6 in a corresponding cycle
becomes shorter than a loading time T2 in the previous cycle to correspond to a
decreased total required cooling capacity. Further, “(B)” of Fig. 5b represents a

30 case where a loading time T7 in a corresponding cycle becomes shorter than a
loading time T2 in the previous cycle to correspond o a decreaséd total required
cooling capacity, in which the loading time T7 is not longer than an elapsing time



I's the outdoor control unit 27 varies a loading tinme as shown in Fig. 5a.
Here, "(A)" of Fig. 5a represents the case where a loading tine T3 in a
correspomaong/oespet e becones shorter than a | oading tine PETIKROLIOESBr evi ous
cycle to correspond to a decreased total required cooling capacity. "(B)"
of Fig. 5a represents the case where a loading tinme T4 in a corresponding
cycl e becones |longer than the loading 20 tine T2 in the previous cycle to
correspond to an increased total required cooling capacity. "(C" of Fig.
5a represents the case where a loading tine T5 beconmes |onger to
correspond to an increased total requireg cooling capacity, in which a new
cycle is enpl oyed because_the loading tinme TS is |onger than a renaining
time Tb at tFechingghedimghéa vhanothal tolakipgliredi cedibyiangacihpis slecieased, susheased.
25 Furt her, a
Foading s a{tﬁ(gat*tﬁlo%%@ st W biBRly SRR AE AR IobYind AR 3R e UnfRing
shown in Fi gstefiis rhainkgined (rfl'the toffegponding opde és entrs farrﬂme‘(ﬁmexf €ica Sboadi ng

t T6 di I t t ha

e pr ovi ous MEYEIE 8 Gr Wi et b TR dPdaciiesbtal f i eAe g "
capaci ty. sFurddifred coofi céﬁaoﬁyﬁsloﬁgerftﬁéﬁwmfaamg tiblle TRSA thd Bfcicus| gl nNg
time T7 in a corresponélaﬁ? é (9 becones shorter than a loading tine T2 in

the previ ous 2BY Eceds mep 14 R¥edrleading tig did pegesRoBdindcleotheng
capacity, in t t ! t r tinme
V0 021 056002 " EF KA T s e g FBBcly! i RRR'a bORE o ea BB gsr
required coothamghe apviausyeyrle Nidcr eased, such that the loading state is

qui ckly sw tched ' LS

mai nt ai ned unti | !:%e%ggrar@g%% ’}Qtﬁééé aﬁd}gc’ﬁ\agrﬁwﬁ ﬁhgg?da(?%ﬁthé % g. 5b
represent acommndnercﬂ ttas Inverfiory Refemngab Fig. Gdheeppmtidnbﬁttbhnddowni’e@sed

total 5 requir dcoo a | onger, t eloadln tine |nthe
br evi ous. cyc IS esaRP RIS TRk HeBAparaRHTthant S0l fiheraren

cor r espondi N@ni- @Fuit@gnalnﬁé@@eeﬁ |h§r§tté'df @ﬁ aCOsHri AGtERIBID 1 yAccdsrdm@ t@hth@
current cycle becone | gnge previ ousﬁd cle NN1. Fig s a

fl owchart of ?WBEE‘P%”P%H" ? stqpeS'l %o'f)rth% indooy UnikPhfa signah hﬁﬁé“%beenlo
condi ti oner %ﬂp‘ﬂﬁe& Qhé |Hd3)\5? %ht?cﬂ unﬁ%b%étéc?@tﬁeqmgt]gnd ggtlét ft@m[%&%t@éé Bnhef tohe

i ndoor unit 9 escrib in detail. First e I ndoor control unit
det er m ne& myamatoaﬁ thmg@brthe evaporator-lnlet and outlet temperature sensors 31 and

32, and detects the rndoor temperature through the indoor temperature sensor 34,
and further detects a temperature set by the desired temperature setting unit 35 at
step S102. Thereafter, the indoor control unit 30 evaluates the degree of
overheating of the evaporator 5 on the basis of the difference between the
20 detected inlet and outlet temperatures of the evaporator 5, and adjusts the target
opening ratio of the electric expansion valve 4 on the basis of the degree of
overheating, and further controls the indoor fan driving unit 36 to turn on the indoor
fan 37 at step S103. Thereafter, the indoor control unit 30 evaluates the required
cooling capacity of the indoor unit 9 on the basis of the cooling capacity of the
25 indoor unit and the difference between indoor and set temperatures at step S104,
and transmits the evaluated required cooling capacity to the outdoor unit 8 through

the indoor communication circuit unit 33 at step S107.
On the other hand, if the indoor unit-OFF signal has been inputted at step
S$101, the indoor control unit 30 closes the electric expansion valve 4, and controls
30 the indoor fan driving unit 36 fo tun off the indoor fan 37 at step S105.
Accordingly, the heat exchange operation of the evaporator 5 is stopped, and the
pressure of the refrigerant sucked into the compressor 2 is lowered. At this time,



uni t- OFF signal has been inputted by a user at step S101. According to the
determ nation result at step S101, if the indoor unit-COFF signal has not
been i npaDteemessdhe | ndoor control unit 30 detects the inlpetr/Krod/oots8l et
tenperatures of the 15 evaporator 5 through the evaporator-inlet and outl et
tenperature sensors 31 and 32, and detects the indoor tenperature through
the i ndoor tenperature sensor 34, and further detects a tenperature set by
the desired tenperature setting unit 35 at step S102. Thereafter, the

i ndoor control unit 30 eval uates:-the degree of overheating of the
evaporator 5 on the basis of the differepce between the 20 detected inlet
and outl et tenperatures of the evaporator 5, and adjusts the target

openi ng ratidh Q)F]dpﬁrec%ltr@l:%"ﬂ'i 30 gyaluates iie weaLired QOQyﬁgtCﬁéa%WsﬁféhQ)mdPWeUlﬁegr ee
of —overheatigys «ag an %9@1; oot ARk BHapi Sgrb%eh‘mﬂé’ off%f'stg{)]'g‘l' 0BIadtrdnehGist ©

turn on the indoor t step erea ter NHOOT - QOnt Fol
unit 30 eval lbe evalubion ajue r(@sﬂuwed)@bohw capzaiy:t0) tofthe atdomtamit et sted on

t he basis of %1%2. cooling capacity of the 25 indoor unit and the difference
bet ween i ndoo hd set tenperatures at step SI 04, and transmts the

eval uat ed 5 equi r eFigeoBhitngc e@mmctm%@hb\hﬁgwhé oesrations df tife biXtecmit 8 bie_

i ndoor communj cati o I rcult It 33 at, st other hand, if
the indoor ufg a@—_q@ngl%gﬂgr 1@?”%6;%%3?%{5@{%@& JReéc?ré'BQ t@%ﬂ fehto i/ R thsr

control unit obRiceh @BAfol M 21 §Gﬁw§'|§pﬁ?épl%ﬁ§irémcb’@ﬁn§%a‘bacﬂé§i fr%ﬁmﬁeolhﬁoors’o the
I ndoor fan driving unit 36 to turn_ off the indoor 37 at _step S

Accor di ngl y, Yie aﬂéﬁva’éﬁf@ﬁ%’@' Bsbirge |C@ﬁ|'r1§fcalpﬁ@tyeaﬁzﬁﬁﬂ 2200 §h$f§a§@l’o’f$@ed
over od. A rhyioey Bonto ok 81 HERATRTS @ERE i Bl mtied SRR eRECE ko0
uni t 30 eval whetep 3296. dfehetot@deqmtﬁd aoglinggapesictyisd0”, theeoutddaraontroliunit 23 as
transm ts 1 APV daritieseol 2l eesarT et s n g hedhil 58 5y Bpedihc
outdoor unit tifle ptocessep S107. 5 Figs. 7a to 7c are f I owcharts show ng the
Chventi on. Ref er el TNgaoleh fodlired ool CoRdbnOh gt AioHeR: ST Ooihes s
up the requi rReHdoPebhtil uRRRARIrhS BA tﬁéc%ﬁﬁr@@sdr@dé?@térmﬁéé tasioa’mg fiMakHakes a
total r eqlijsI ' %%Io%%%gl tlr:r%]e %ggc?rgllng toa}tthe ?ct)tgprega?gd c;rohﬁgr; ecgp;gl{y generates a duty
control signal, and applies the duty control signal to the PWM valve 26, thereby
controlling the compressor 2 at step S220.
Then, the outdoor control unit 27 determines whether the total required
cooling capacity has been varied at step S220. If the total required cooling
20 capacity is not varied at step S220, the outdoor control unit 27 proceeds to step
S200 for controlling the compressor 2 continuously while maintaining the loading
and unloading time of a current duty control signal.
Further, if the total required cooling capacity has been varied at step S220,
the outdoor control unit 27 determines whether the time when the tfotal required
25 cooling capacity is varied is in the unloading or loading state of a corresponding
cycle at step S240. [f the total required cooling capacity has been varied in the
unloading state, the outdoor control unit 27 determines whether the fotal required
cooling capacity has been decreased in comparison with that of the previous cycle
at step S250.
30 At step S250, if the total required cooling capacity has been decreased, the
outdoor control unit 27 determines the loading time T3 according to the decreased
required cooling capacity as shown in “(A)” of Fig. 5a at step S260. Thereafter, the



outdoor control unit 27 determ nes whether the total required cooling
capacity is "0" 1o at step S21 0. If the total required cooling capacity is
"0", the wotddoerozrontrol unit 27 stops the conpressor 2 RCTHFR/08%81, and
returns to the initial step for repeating the process. Further, if the
total required cooling capacity is not "0" at step S210, the outdoor
control unit 27 turns on the conpressor 2, determnes a |loading tinme and a
15 unl oading tinme according to the total required cooling capacity,
generates a duty control signal, and applies the duty control signal to the
PWM val ve 26, thereby controlling the cagppressor 2 at step S220. Then, the
out door control  unit m nes whet her the %F%F’ required cooling

capacity has Fdoprropr %Idmglﬁge@sra@sz@ dujyrconfyal § %@PP%@I"%@@I@@@”@ 20
capacity is nphe Y8/ §fép3527$)teﬁ‘%l acr?p%Qs tQutp BoStRD Sigh b e F\}tha{% #H pepeds

to step S200 for controlling the conpressor 2 continuous
mai nt ai ni ng tQ%reISQQQHITr\E;CY%dAhthlS)’@mBn@eﬂoafbng)flma T&J@frtbatmtrasnormhng eysle

signal . Furt s ool MbAlmdd e BihyiRRIA0E ARRAIONATAS BESRy Biied at

step S220, t e ou oor con m nes er t
t he total 5eopmnnpzrdssdiatobeldeo@ase@at:st&gSIZBO.var| ed is in the unloading or

| oadi ng state of t step, S240. |f the total ui red
cool i ng capacity ﬁggqh g?%g 'f al’ reqHiedcRYING: Garac H@Soﬁ?td Ci“

control unit dberéleled! tien@stdvdeddifrol UHE 27 derérniigssivhether ﬂfé)lreqwe@mﬁmgy has
been decreased in coggarl son with that of the previous cycle at step S250.

30 At step SZApacky hapdeegiagrepsaslin &g HABRIIRG Staip Atistgp %Obeﬁﬁhgéetaéased
the outdoor J@an&éd)bo&nbt aga c@@mgérndteo%ehhnc}éa@éd ”IﬂetoLEonJ@%@ﬁR)‘PW'it@?to

t he decrease require capacity as showl in Fig. ba at
step S260 IOTHéwaStOéhelmtﬁéswog&!E%m PCT/ KRO1/ 01758 12 out door contr ol

(0L 21, gener st es feb il glng dhaby Rof b HORA0 oL ek 08 e L
a corres ponobui@ocmaoh&ol ullit 27hdetetnnines thdieacﬂmgdimgM onE5 I8 cofrespoad to the
CO1 eSPOn) Nop XELE) JCSTRR LS AhIG Aoy ) BT YER B S s e
step S300. Thereafter, the outdoor control unit 27 calculates a remaining time Tb
15 atthe increased time Ta at step S310, and determines whether the loading time T4
or T5 is longer than the calculated remaining time Tb at step S320. If the loading
time T4 is not longer than the remaining time Tb, the control unit 27 generates a
duty control signal corresponding to the loading time T4 at step S330, and applies
the duty control signal to the PWM valve 26 in a corresponding cycle. At this time,
20 the loading time T4 becomes longer than that of the previous cycle, and so the
refrigerant amount discharged by the compressor 2 is increased, thus increasing
the capacity of the compressor at step S340. Further, if the loading time T5 is
longer than the remaining time Tb at step S320, the outdoor control unit 27
generates a duty control signal corresponding to the loading time T5 at step S350,
25 applies the duty control signal to the PWM valve 26 in a new cycle starting from the
increased time point Ta, thereby allowing the capacity of the compressor 2 to be
increased at step S360.
On the other hand, if the total required cooling capacity has not been varied
in the unloading state at step S240, the outdoor control unit 27 determines whether
30 the total required cooling capacity has been varied in the loading state at step
$370. If the total required cooling capacity has not been varied in the loading state,
the outdoor control unit 27 returns to the initial step of the process.



On the other hand, if the total required cooling capacity has not been
decreased, the outdoor control unit 27 determ nes whether the required

cool ing wepmaosdvy2 has been increased in the unloadi ng st aP€eTARBHESS290.

If the total required cooling capacity has not been increased, the outdoor
control unit 27 10 returns to the initial step of the process. If the
requi red cooling capacity has been increased at step S290, the outdoor
control unit 27 determnes the loading tine T4 or T5 to correspond to the

i ncreased total required cooling capacity as showmn in "(B) and (CO" of Fig.
5a at step S300. Thereafter, the outdoonscontrol unit 27 calculates a
remaining tine Tb 15 at the increased tine Ta at step S31 0, and determ nes

. : . D s L
whet her the | oadi neitR@! reguireq cqdlingCapapifyehas hren vaned iathedpadiaa staéerat ni ng
time Th at stgg, BP0, hd ohﬂfool' %ﬂtr&ggnﬁ I7eddimhined WhetiRIfE folféi”reghﬁ‘ed
remaining time Th, the control unit 27 generates a duty control signal
cor r espondi ngeooling bepdcintiangeesn decrgasert insospagsaowitathdt apipkeipseviousheyaiut y

control sign t P v kR ' | e, t hi i me,
20 the | oadi nd TP bot SaesSPERgER B ERHERR B A AL Goyfibo el ' T
Sﬁ the refr i@@aaityh hagrbaer _débmfbeai,%hd dlydddwa:oatrmpmszbrdegaéh?ésganm@, »
thus increasin e acity of 't C ress t step . Further, i
the 1 oadi ng. 1k Tosh &7 1 GotEPODH 4 01, Qb BRsech iy eaHIecHepclis SBACH,  t he
out door cont rgplowmNint “(&Y (Bgecsfqrig.t 55 of St B390NTTHN, HeBaldo6PESREN QML 21 t O
the loading tinme T5 at step. 5350, 25 applies the duty control signal to the
PW val ve 26 Galrulataedleaginadingg A¢ elapsinorie the decreasestiag da fionhihesiah point,

t hereby al | ow ‘ | i e step
S360. tn't he e RIEGR D 806, AN TREARRTS ot e I6REE BRECT LS
been varied Thistidrgentiandoe algpsinaioading timebc abetep Sth@ out door control unit

27 delernines el it oafioh i 363 B8R B ORM TR BAARG e oS SR
capaci ty has $#10, freeoutdesr controluritt 2y derstateg asduty eontrd bignaldaiiesporsding !
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in the | oadi ngyvat 28 6n 3t corfsBBndiig @yclEhSudt i @tie eAsHiItP|of YRe lcormprélbplign nes
whet her the total required i o )

15 decreased at step S430. However, if the loading time T7 is not longer than the
elapsing loading time Tc at step S410, the outdoor control unit 27 switches the
loading state to the unloading state, and then maintains the unloading state until
the corresponding cycle is over at step S440.

Further, if the total required cooling capacity has not been decreased at

20 step S380, the outdoor control unit 27 determines whether the total required
cooling capacity has been increased at step S450. [f the total required cooling
capacity has not been increased, the outdoor control unit 27 retums to the initial
step of the process. On the other hand, if the total required cooling capacity has
been increased at step S450, the outdoor control unit 27 determines a loading time

25 T8 to correspond to the increased total required cooling capacity as shown in “(C)”
of Fig. 5b at step S460, subtracts the previous loading time T2 from the loading
time T8, and then calculates a loading time Td exceeding the loading time T2 at
step S470. After step S470, the outdoor control unit 27 maintains the loading state
until the loading time Td, thus allowing the capacity of the compressor 2 to be

30 increased at step S480.



cool ing capacity has been decreased in conparison with that of the previous
cycle at step 5380. At step S380, if it is determned that the total

requi red woakiongos capacity has been decreased, the outdo®@CTa®RMOOIS8UNIt 27
determnes a loading tinme T6 or T7 to correspond to the decreased total
required cooling capacity as shown in "(A), (B)" of Fig. 5b at step S390.
Then, the outdoor control unit 27 <calculates a loading tinme Tc elapsing to
the decreased tinme Ta fromthe start point of the |oading at step 5400,
and then determ nes whether the loading time T6 or 10 T7 is |longer than
the elapsing loading time Tc at step S41Q4 If the loading time T6 is | onger
than the el apsing | oadj ng. ti Tg, at step $S410, the outdoor control unit
27 generates a dutipdesh ?APDEE@HM corresponding to the loading time T6 at
step 5420, and applies the duty control signal to the PAWW valve 26 in a
correspondi ng cycle, such that the capacity of the conpressor is 15
decreased at step Asi8escrisedesbove, infam tadr cenglifiongr an%ﬁngtﬁocﬂ of wontrolbingy&e t han
the elapsin i i Tc Aty gt 0N it 27
sui tchea tho ST ad) pacadee" fiftnS RseH verdf, AR IptEE Reben oing ", e
unl oadi ng st adapadityt has bedmnevariedy thempedhtiog of wdP\&/M salew Brcaamtroliddelpy Sdding a
Further, if the.total .required. coglin city. has not been decr ed at
20 st op’ 380,05k Biedo Sitesshnn & Meniied Piapalimi ool eatincty Eien PR
required cod tovgespapding icyclbas obsreind tHureiRs eanatting aRIubAedhtrol sighlie stiéh al
required cooljng  capacl tg/ has not bq%gn i ncreased, the outdoor control unit
27 returns t dhathibe; ampund of refriggrantt discaajgegclas @ canPressor dianebe agikpted fo ¢ he

total requi r%@gg&@&%ﬁ%@%ﬁgﬁc}h 3%2 tleﬁgéddi}éél %éﬁg;S@é_Pg%&ﬁpA%érgingM? ‘o

outdoor control unit 2 erm nes oadi hg tine to corres '
t he i ncr edsedhe @irgiongdidgugrrand reelbprd o cealpdiriorthe semehwvivan ithe aif opnditigrieris g. 5b

at step $460, t I i I NG~ L1 o, t i tinme
T6, “and tnen Wh IGE Bul i BRHoRd® sy Sa) BedmifReddr ceh e chBrmBd Sl ' Lt
step 5470. Afregardisepofbdudient kariadionsl onfr a cotei rretuireti todihgmaapecity n shetrblsy
| oadi ng state_ unt.il .the | ing tine Td, thu |l owi ng the capacity of the
compr essor 2 eRtnG 4h¢ FrleBR, B oot oflprBiio di A5 RRRND1 75
14 I ndustri alpefdtionisfahiinddoyheat exchanger.

15 Although the preferred embodiments of the present invention have been

disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accompanying claims.

20



As described above, in an air conditioner and nethod of controlling the
sane in accordance with the present invention, when a total required
cooling wWogapea®dty has been varied, the operation of a PPUIMRNE1758
controlled by varying a loading tine to correspond to the varied total
required cooling capacity even before a corresponding cycle is over and,
t hereby, generating a duty control signal, such that the anpunt of
refrigerant discharged by a conpressor can be adjusted to correspond to
the variation of the total required cooling capacity. Accordingly, in 1o
the air conditioner and nethod of control/ling the same, when the air
conditioner is apglled to annulti-air condltloner system a conpressor can
be oper at ed stably_jﬂﬂﬁhrdless of sudden variations of a total required

cool i ng capacity, ﬁhﬁh%yconH|ﬂ§ﬁe?a§d A;{e reliability of a conmpressor and
elimnating the freeze-preven ion of an indoor heat exchanger.

és A:thoggp theI Prefoempmtsenbmdngmmfapazﬁﬁy \Idnailplra[eegrﬂtngltﬁha&mty @mthlﬂ;éignbﬁen

i scl osed for,.i str \Y ose skilled in the art wi

appr eci at e t hAE C8Ut[ FTW%*PB@@‘S?%&‘ mpﬁﬁwéomewéﬁ?amg dme fore
possi bl e, wi tﬂnguﬁaudmgea* loabibgf dtat ik e cydié aRg eﬁ\ﬂgnlééwlﬁ%hrrféffoif 'ﬁ?au?t%%éﬁm as
di sclosed in t ccor;Fanyl ng clainms.” 20 WO 02/ 066902 PCT/ KRO1

Cainms 1. An ‘é{??a B atels rAsyClecddhr i si ng: a conpressor having a capacity
vari abl e accor di ngat o Uhy f&%%jbﬁhmﬁggﬂ%' adﬁnBetnrHé‘t:%th%t Dr%a&ubg
inimg a

controlling the conpressor to undergo trme mar n
| oadi ng st at e2Gaerding jaihe \@ﬁlathhOfLthialdewglred mlmgncapmtmtmuanagteaﬂne duty

e and-t he tShBREPFleRoME LofrioRy b Ry bisdR oue SieBrihs Mgl shurgdl r aa
cool i ng cap)aocctqlnng oagmtw‘rmé)eehaanbd i a cardspohding gpeld weile thedefrapressor is
correspondin en the to coolin capaC|ty
has been var?%q# 8a%%??@@ﬂﬁ%enﬁ’wsfs%pr\ﬁﬁp?@%Qﬁ%ﬁl%"i’&‘ e siggal. gper at ed,
and controlling the conpressor according to the duty control signal. 2. The

air conditioner as set forth in Claiml, wherein the control unit
The air conditioner as set forth in Claim 1, wherein the control unit

applies the duty control signal to the corresponding cycle.
15
3. The air conditioner as set forth in Claim 1, wherein the control unit
applies the duty control signal to a new cycle following the corresponding cycle.

4. The air conditioner as set forth in Claim 1, wherein if the total required
20  cooling capacity has been decreased in the unloading state of the corresponding
cycle, the control unit generates a duty control signal for decreasing the loading
time to correspond to the decreased total required cooling capacity, and decreases
the capacity of the compressor according to the duty control signal generated in
the corresponding cycle.
25
5. The air conditioner as set forth in Claim 1, wherein if the total required
cooling capacity has been increased in the unloading state of the corresponding
cycle, the control unit generates a duty control signal on the basis of a remaining
time of the corresponding cycle and the loading time corresponding to the
30 increased total required cooling capacity, and increases the capacity of the
compressor according to the duty control signal.



applies the duty control signal to the corresponding cycle. 15 3. The air
conditioner as set forth in Claiml, wherein the control unit applies the
duty contwolo2esggoal to a new cycle foll ow ng the correspomdiTriKroapeise. 4.
The air conditioner as set forth in Claim1, wherein if the total required
20 cooling capacity has been decreased in the unloading state of the
corresponding cycle, the control unit generates a duty control signal for
decreasing the loading time to correspond to the decreased total required
cool ing capacity, and decreases the capacity of the conpressor according
to the duty control signal generated in j¢he corresponding cycle. 25 5. The
air conditioner as S$E%forth j.n Claim ein i e total required

) 1, wherei f the t .
cool i ng capacity Has Be&T Gonditienaraas sef Torl inflaimd. nyheseintittherloadiag time
correspondi ng i | ; ' on
t he basis of S”régﬁrr%ﬁ'\?énFéﬁtkt@?ﬂ%égéef@éé_'crgggﬁésoggﬁf‘%ﬁ E%/%{ﬁyggg{r?gﬁtq?? I%bg'ldi ng
time correspdiRliragaining feeadhe senteddswit inefesses dagiicapacityool thegcoapeessoly, and

i ncreases th ' b: the duty control
signal. WO 0%Fgg'm%%&%??tb@g@@éﬁqg%9&%%§6g¢lﬁgg%cﬁedi tioner as set forth
in Cdaim% wherein if the loading time corresponding to the increased
total required coqli capacit.y i s not, Jlgnger, th t he r.emai ni ime, the
control unit incr gasi@etat'{em@g%é@?rﬁﬁ Bt fPﬁ%%@ﬂﬁngéﬂ?efe'adﬁ@Pd??@ﬁg bnlene
duty control cairggedndiny i theCiRtregSRPRABITBqEiKe €ocliRg Capddl§ idiidngep el tener as
set forth in Caim5, wherein if the |loading tinme corresponding to the
i ncreased t of@nainigLimedhe sentiohgnitinprases thecapaeityaf thacampressor@eaeidinong
time, the comtr b bohtf [ ; i ng
to The duty cont oL PN SRERER b Rl SEE. SRy o R R R e e N
total tolredequieg ecooing eapashpisdiargases. i ncreased. 8. The air conditioner as
set forth in Claiml, wherein if the total required cooling capacity has
been decreased in the | oading state of the correspondi ng

8. The air conditioner as set forth in Claim 1, wherein if the total required

cooling capacity has been decreased in the loading state of the corresponding
cycle, the control unit generates the duty control signal on the basis of the elapsing

15 loading time of the corresponding cycle and the loading time corresponding to the
decreased total required cooling capacity, and decreases the capacity of the
compressor according to the duty control signal.

9. The air conditioner as set forth in Claim 8, wherein if the loading time

20 corresponding to the decreased total required cooling capacity is longer than the

elapsing loading time, the control unit decreases the capacity of the compressor
according fo the duty control signal generated in the corresponding cycle.

10. The air conditioner as set forth in Claim 8, wherein if the loading time
25 corresponding to the decreased total required cooling capacity is not longer than
the elapsing loading time, the control unit switches its loading state to a unloading
state, and maintains the unloading state until the corresponding cycle is over so as

to decrease the capacity of the compressor.

30 11. The air conditioner as set forth in Claim 1, wherein if the total required
cooling capacity has been increased in the loading state of the corresponding
cycle, the control unit generates a duty control signal for increasing the loading time



cycle, the control unit generates the duty control signal on the basis of
the el apsing 15 loading tine of the corresponding cycle and the | oading
time corrwopenaionyy to the decreased total required cool i RgTORYA®ITSY, and
decreases the capacity of the conpressor according to the duty control
signal. 9. The air conditioner as set forth in Caim8, wherein if the

| oading time 20 corresponding to the decreased total required cooling
capacity is longer than the elapsing loading time, the control unit
decreases the capacity of the conpressor according to the duty control
signal generated in the corresponding cygje. 10. The air conditioner as set
forth in Qaim8, wherein if the |oading tine 25 corresponding to the

decr eased t ott@IcorresRanceld the dnarerpeddpiat raquired esling eangsity: tandnmaintaing thepsi ng

| oadi ng time, 44 I j | LS, i idi ng
state, and maltcl)éth“gq %\tgfgt %@h B%ﬂ%%ﬁ?#é’t '§?§ﬁ%hﬁ%ﬂ.§ ?@h%%%?@%%%%d@ﬁ?a k’%@‘ eis
over so as tabthiecorepreesarhe capacity of the conpressor. 30 11. The air
conditioner as set forth in Claiml, wherein if the total required cooling
capacity has been increased in the |loading state of the correspondi ng

cycl e, thes control12unThe gizrendti@ter asdét Yorthoint Clalm Ji wihateirt (e contiobanit i)y t he
| oading ti me.V\? %.06690@ PCT/@ROl/O],{%gE% 17 to orresgo.{ld tg he i.ncreased
total requir SPRIGS NAD QUASRY YNt CORRRCERETR BGrALP O M1doPE LS, gnd [FRIMINRS | t he
i ncreased | oggiiifertth8®othSreViRid SSIIRG chPadit) Ha8 3eentvafed 8R A biisis of atibial
conpressor. 5 12. The air conditioner as Set forth in daim1l, wherein the

control unit reguirgdheqaling sapracity shtanadciey BUTIATIRG EB weelitceerpasitias gewlieddly

i ndoor uni ts’thé‘l?\@logfa%ﬁfsm nes whether the total required cooling capacity
has been varied on the basis of a total required cooling capacity obtained
by sunm ngo up cooling capacities-required by the indoor units. 10 13. A

met hod of controllj i itioner. Lncludi or wi.th a
capacity varied acicég%ﬁ%ﬁd(’)d%g@gélquc%ﬁw %cﬁhdétiégﬁgﬁcﬂg@g%O%%S%%wgntq me
and an unl oa@pagityt Varizdi acoardhny teea piutyd cogtral \sidral havingra Isadigg tiinge ahdpm of .
a) operating t?e conPr essor; . "
unloading time In a corresponding cycle, comprising the steps of:
a) operating the compressor;
15 b) determin‘ing whether a total required cooling capacity has been varied;
and
¢) determining a loading time and an unloading time according to the
variation of the total required cooling capacity to generate a duty control signal
even before a corresponding cycle is over, when the total required cooling capacity
20 has been varied in a corresponding cycle, and controlling the compressor

according to the duty control signal.

14. The method as set forth in Claim 13, further comprising the step of
summing up cooling capacities required by a plurality of indoor units connected to
25 an outdoor unit, wherein the step b) is performed on the basis of the summed

required cooling capacity.
15. The method as set forth in Claim 13, wherein the step b) includes the
step of determining whether the variation time of the total required cooling capacity

30 s inthe loading or unloading state of the corresponding cycle.

16. The method as set forth in Claim 15, wherein the step b) includes the



15 b) determining whether a total required cooling capacity has been
varied; and c) determning a |loading tinme and an unl oadi ng tine accordi ng
to the wvapicawsen2 of the total required cooling capacity tPeTgROAE a duty
control signal even before a corresponding cycle is over, when the total
required cooling capacity 20 has been varied in a corresponding cycle, and
controlling the conpressor according to the duty control signal. 14. The
nmet hod as set forth in Claim13, further conprising the step of summ ng up
cooling capacities required by a plurality of indoor units connected to 25
an outdoor unit, wherein the step b) is perfornmed on the basis of the
sunmed reqU|red The net hod as et fortgyln C aim 13,

wherein the st OﬁﬁeFrﬁ@?'ﬂazﬁ tCﬂB 'tgtozﬁh%m@@f%‘:}sﬂf APERY Wié‘? g dulyecqnliol at i on
time of the tsﬁgn’ﬁl fgéﬁ@ﬁatéoﬁdw ﬂ@éasﬁwoﬁﬁ@%‘ddmg t.rﬁQ cbﬁeé;jbnblfﬂ@ tb ¥ HEGreQ5ed

unl oadi ng state of the corres&ondl ng cycle. . as set forth in
G ai m 15, whéPayired Reoliggegaray wCﬂwad?@reswdm gwl@w‘atb@zouabrﬁqumed/mm 18

step of decr SRS r duty
control si ger%? gglnlgérf? ed on é%e&ﬁ)na@??noﬁ)%%es?%gg&%%?@%@&%&@%geondI ng to
the decreased required cooling capacity in the correspondlng cycle if the
total required cooJ4n city h cre |nt ading state
of the corresponde7 gfh(?l @@ﬂ?dl%s_ S%i@%ﬁvs h‘g M™% Y qf%'PtEﬁ]%{@arﬁﬁF'ﬁ ;
whler e:j nif t hxeotlmgf ah%acmgmasﬁibenqgabﬁm inahe airfloadirs staesf thé%ﬁg@ﬁﬂwdrl]rig t he
unl oadi ng state, of, t c ndj n in es { esteps
of cal cul ati ryCE éh?% ??5 ‘f thSt? Of&g}qugglﬁgﬁggrfggrm ng
the 'remai ni RgrickPEnAMh |"byfc|ée J:d?ﬁﬁﬁr[hg thd Breh iRy MRAO N Nt R)aﬁlrh% 'tlﬂ’iér eased
an

total required cooling c %gm t I ncreasing the capacity of
conpr essof? acOFEaPRRAING o e lagiegsasdatal mauied saplinccanseity, @@dr’@gﬁ@ﬁ‘iﬁ@ iﬂ‘g3 cycle

or 1 nor easi ng oL ROV cla Sty apirer  Seliling ORI he BB, sofirok SRR B e e o
signal in a rowesgenaing foyclreif dloe roogpspatiding laealitionfmei isendtslohgaigévart teen t he
remaining time, or increasing the capacity of the compressor according to the duty
control signal in a new cycle if the corresponding loading time is longer than the
15 remaining time.

18. The method as set forth in Claim 15, wherein if the total required
cooling capacity has been decreased in the loading state of the corresponding
cycle, the step b) includes the steps of calculating an elapsing loading time in thé

20 corresponding cycle, comparing the remaining time with the loading time
corresponding to the decreased total required cooling capacity, and decreasing the
capacity of the compressor according to the duty control signal in the
corresponding cycle if the corresponding loading time is longer than the elapsing
loading time, or switching the loading state to the unloading state and maintaining

25 the unloading state until the corresponding cycle is over so as to decrease the
capacity of the compressor if the corresponding loading time is not longer than the
elapsing loading time.

19. The method as set forth in Claim 13, wherein if the total required cooling
30 capacity has been increased in the loading state of the corresponding cycle, the
step b) includes the steps of determining the loading time to correspond to the

increased total required cooling capacity, calculating a loading time exceeding a



15 remaining tinme. 18. The nethod as set forth in Caim15, wherein if the
total required cooling capacity has been decreased in the | oading state of
t he correapondsd®g2 cycle, the step b) includes the steps @CTadoOLZ8I Nng an
el apsing loading tinme in the 20 correspondi ng cycle, conparing the
remaining time with the loading tinme corresponding to the decreased total
requi red cooling capacity, and decreasing the capacity of the conpressor
according to the duty control signal in the corresponding cycle if the
corresponding loading tine is longer than the elapsing l|oading tine, or
swtching the |loading state to the unloadpng state and naintai ning 25 the
unl oadi ng state until the_ corresponding c%cle IS over so as to decrease the

capacity of tWEviedsnasigoiime in thelatpinag ioading Jime 280 aainiaiiing bedeadingnger
than the el i . i i i : LD g 13,
wherein if tﬁéeiéﬂteg%h :E' mr%g%)a&ig?aeﬁgzooag I ngﬂ- @§06%§§%8?§ "ﬁgéa{)egﬁ@%%h%? a(g)fe’E in

t he | oadi ng stcm@ressort he correspondi ng cycle, the step b) includes the
steps of determining the |loading tinme to correspond to the increased total
required cooling capacity, calculating a |loading tine exceeding a WO

02/ 066902 RPCT/ KR0O1/ 01758 19 previous loading tine in the determ ned

| oading tinme, and nmaintaining the loading state until the exceeding

| oading time is over so as to increase the capacity of the conpressor. 5
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