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CONDI TI ONFR o 7 CONTROL METHOD THEREOF Technical Field Tb@Tﬂﬂﬁ%@ﬂh]
invention re ates .generally to air conditioners, and in 5 particular to a
system and method for controlling the starting of an air conditioner that
enpl oys a pul Se wi dth nodul ated conpressor. Background Art Wth the

enl argement of buildings, there is an incteasing consumer demand for a

mul ti-air cond|t|oner i n mhlch a pIurallty of |ndoor units ar e lo
connected to a ! ‘

| ength of each refri gerant cooor unit to the
outdoor unit is |ong because ively far away from
the Indoor unit, so the anount of filled refrigerant is large and liquid

refrigerant can enter the conpressor during the starting of the air

condi ti oner. Teéchnicaldfdeldi cul ar, if power supply to any indoor unit is
abruptly cut off during the operation of a multi-air conditioner, there is
i ncreased a possibility that liquid refrigerant enters the conpressor.

Wen the power of g ?%Qﬁ mUQh@oﬁ felai%f ! éﬁé(raﬂgttooéﬁ cﬂHHIti'&ﬁeF%’eérﬁ]iiﬁ“’ an

el ectronic expansion valve is no ose ecauste power

el ectrongc 20partipalasi tonaveystemc andt metliad forasorireliingt thef stdmng rofoan ainit |s
cut off. Accordingly, high pressure |I%UId refrlaerant situated in a
refri ger ant .cepRfitienenbal@mplayeca prlsequidde moshiated CoBIRIESBORi ¢ expansi on

val ve enters the conpressor or an accunul ator upstream of the conpressor
t hrough the electronic expansion valve and the evaporator in a

non- evapor at.e amq§§gnd351Th|s phenonenon is continued until the pressures
of high and low pressure sides are balanced. The liquid refrigerant having
entered the : conpressor is mxed with oil contained in the conpressor to

difute the oil,  SUfpH thed'éniatderedtdf uititgs! thétd i€ irihchédditEBondiet

demand for a multi-air conditioner in which a plurality of indoor units are
10 - connected to a single outdoor unit. In such a multi-air conditioner, the
; length of each refrigerant conduit connecting each indoor unit to the
outdoor unit is long because the outdoor unit is relatively far away from the
i indoor unit, so the amount of filled refrigerant is large and liquid refrigerant

can enter the compressor during the starting of the air conditioner..

15 - In particular, if power supply to any indoor unit is abrupt]y cut off
during the operation of a multi-air conditioher, there is increased a
possibility that liquid refrigerant enters the compressbr. When the power
of an indoor unit is abruptly cut off during operation, an electronic
expansion valve is not closed because power supply to the eléctronic

20 expansi_bn valve constituting an element of the indoor unit is cut off.

~ Accordingly, high pressure liquid refrigerant situated in a refrigerarit conduit
between the. condenser and the electronic expansion valve enters the
compressor or an accumulator upstream of the compressor through the
electronic expansion valve and the evaporator in a non-evaporated state.

25 This phenomenon is continued until the pressures of high and low
pressure sides are balanced. The liquid refrigerant having entered the
compressor is mixed with oil contained in the compressor to dilute the oil,
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2 50 the lubrication of the friction portions of the conpressor is

deterior &6y 8_;f,hereby' damagi ng the conpressor. Meanwhi | epetRiRol 621
Julti-air conél igner, a great cooling capacity is required and each

i ndoor unit is frequently turned on/off, so the required 5 cooling
capacity is changed. In order to nmeet such a demand, a variable rotation
nunber conpressor having a | arge and varizabl e capacity is enployed in the
multi-air conditioner. In such a variable rotation nunber conpressor, the
capaci ty of sbé¢he dulpricationrofithe frctidrapertians dfctheucampressbois deterimrated, on i n
n such a way that the rotation 10 nunber of a

requi red cooling capacit

motor is con g‘i’\éggwg\!’{gmer@mﬁ@slspéquency of current applied to the
notor in an invert g, ML O i ' izabl e
rotation nunber’ coﬁrr{)erag‘g@(‘)lré' f°sfq§§o ‘grréaif ?ﬁ?\ﬁlafrt]iop nga pﬁée%reé(}%daﬁﬁpgélapémgr of

i ts notor carswirddeandréachl inddoniunit is flegquently turned nisff, sodhe reguiredsi on
because the notor being rotated has . to ae controlleﬂ directly 15 according

to a re§uir 800G cAacipischangesqilpiasaar 1 mest such g demand, dvariaRlgper of

causi ng. pr ool SAE0N nQbimbet forfEressb aling; a” RuB” a0 vefiEble. sabREEE ¥ .. .
short ened anénigﬂﬂyé@@hmé Ailiti-ait| condifioner, ofin ¥uchnd vafdableyritation pumber
deteriorated. 20 1n addition, since an expensive and conplicated circuit

device is reqmpresselntheeapacity of thecompressorgs segulatediadbe suisabigfor anhe

f f [ ent L.ied to.th tar, «th i gnal '

[ pduency of yaRdti h, BRRlSH cbBud il it "R SAY, B8 e RlcR,
Par t icyloar | Y nuiibertdtea AtoiS8 idontdlied By e&&mq SHeAfréQieritySrEurfsitipbliear are

required several 25 power conversions of initially inputted conmercial AC
power into Diotheemotemin ahiinvéxtepoanirol manmet. pblowevery ithg conventionald

conpl | oat ed YRols 8GN0 Hiribef Gempiesyens Hrobemattnin hitite TEABEe. i n
addi tion. 2 |rinfiferCaPRE irotor ¥AMNGIBE coRtrBlied it ARASHABID Fesupise a BS
problematic in that i1t Is difficult to control the conpressor, the
ef ficiency precision because the motor being rotated has to be controlled directly
15 according to a required cooling capacity. Additionally, since the rotation
‘number of the motor is frequently varied, vibrations and noises occur,
thereby causing problems that the life spans of the motor and the
compressor are shortened and the mechanical reliability of an entire
system is deteriorated.
20 P In addition, since an expensive and complicated circuit device is
required and power consumption is great in order to vary the frequency of
:current applied to the motor, the conventional variable rotation number
compressor is less efficient than a general compressor. Particularly, in
the conventional variable rotation number compressor are required several
25 | ‘power conver_sibns of initially inputted commercial AC power into DC power
and this DC ﬁower into AC power having a required frequency through
-converters, so the structure of the circuit device is complicated and noises
are frequently generated in the circuit device.
In addition, a large-capacity, variable rotation number compressor
30 is problematic in that it is difficult to control the compressor, the efficiency
of the compressor is low, the size of the compressor is large and the cost
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“of the conpressor is low, the size of the conpressor is large and the cost

WO 01/ 94883 oGBS KROL/ 00021 3 of the conpressor is high, ®OTIKR01/00031fficult
to fulfill large-capacity. requirenents with the variable rotation nunber
conpressor. Accordingly,, in order to fulfill a large capacity requirenent
two or nore conpressors are enployed. In this case, a standard conpressor
in which its notor is 5 rotated at a comstant speed is generally utilized

together with_the variable rotation nunpber cgppressor.. |f.a pluraljty of
conpressors 8F &g iqampressonds bigh., §ogiit, ds oﬁ%%@d&\ﬁh u?ﬁrgg‘l@p@ﬁlt&r ged

Pul so wi i n Frerhefis0gR e afanle il Ribet LomptRESERS fsordTEl,

capaci ty comjy efderto fulfillld r%é%apaeiﬁy reguirémeérit twdnér thops 8oRfresdors Arened
Pat. Publication No. Hei 8-334094. These conpressors are utilized in

refrigeratingmpleyeds bndhisheasegaastpndard icompresser éyiwhjch citampaetordst s or
refrigeratin at desi 0 | short _pipling in
whi ch t e po??’ﬁ%géug)gf ag&?’ﬁ??fg%g%ﬁf'scﬁﬁﬁgﬁaﬁ'ys‘ﬁﬁﬁéagﬂggﬂ'ﬁﬁwﬂ‘ ?’? ‘éa'@%ﬁlﬁr essor
and an evaporgfafibn furibéy ¢omprRIESBHU S ol plurdliff BF co PIBSSHTS @iré LERZEL thebe
directly applied to air conditioning systens for buildings that

i ndi spensabl entinpisize dbagy quigoorqunihis enlarged endcaccordingly riherhandling sof

di fferent fr&@ﬂh ioe for, the refrjﬂgceratl ng systenms. Additionally, in the
prior art, tARa®eU _QTd{"'toPe&Qr%%%ﬂ' W nt r ol system and 20 nethod for
utilizing a pulse yagsd H! %%l&@&pr&?ﬁﬁfegbgrsa”aﬂ@!dclfcléééd Eé’“gﬂféro“er,
and in particular a control system and netho or rapidly and safely
perforrmhg t variable capgcitf campréssorsridi iSindat. Mo.c6047,567 landulapanese

connect | ng. stURIAGNGH R PrEicRlien Ko 418 &aaDaf, - ThesdrctBmenarsare: ne
e ahove pr GHIBBAOKY oGl Byaleibadt RGeS Bl APRRRzl 110
i nvention i s comparimedts ar sgfrigeratingdcompadthents, andtdesigriedyta be appliedi ng of
to short piping in which the portion of a refrigerant conduit situated between
15 a compressor and an evaporator is short.  Consequently, these
compressors cannot -be directly applied to air conditioning systems for
buildings that indispensably employ long piping and are given control
environments different from those for the refrigerating systems.
Additionally, in the prior art, there is not disclosed a control system and
20 method for ufilizing a pulse width modulated compressor in an multi-air
conditioner, and in particular a control system and method for rapidly and
safely performing the starting of an air conditioner, preventing liquid
refrigerant from entering a compressor during a starting operation or
connecting starting and normal operations smoothly.

25 , Disclosure of the Invention

_ Accordingly, the present invention has been made keeping in mind
.the above problems occurring in the prior art, and an object of the present
invention is to provide a system and method for controlling the starting of

.an air conditioner employing a pulse width modulated compressor, which is



‘an air conditioner enploying a pulse width nodul ated conpressor, which is"
WO 01/ 94 0f76465KR01/ 00021 4 capabl e of rapidly and saf epgrmaRoigsszing the
starting of the air conditioner. Another object X the present invention
is to provide a systemand method for controlling the starting of an air
condi tioner, which. is capable of preventing the inflow of liquid
refrigerant in the air conditioner enploying a 5 pulse w dth nodul at ed
conmpressor. A further object of the present invention is to provide a
system and :©epable tvfcraptsibyw and ispfely pererming thergjadingof the airceanditionsier .

oporation of the A SuRtLE e SERBRE TN o dh J6 sFPuE A Bued BhY ana”
nor mal  oper athghdd féPcbgtraﬂné m@starung oF aaféleéonamoﬁéﬂwmé@ .@eagamblﬁh the
above object's, 1n accordance"with the  principles of e presen nvention,

a system for prevem’mg theginflow eftlhxwd mefrigerantrindhe ammndﬂmwremplqwng;as a

conpressor control |, e Wi dth nodul ati on manner according to a
duty comrol H%W'ﬁﬁa{ﬂo@ﬁ@ﬁq‘i?ﬂmeeﬁ OExpansi on val ve for expandi ng

refrigerant conpr ess tﬁ?ﬁ Qf%ntl
connecting the exi t SI oc? ?ﬁ%?%%’gr'“ge@‘@ﬂ‘%ﬁg{&sﬁg taIQe
el ectronic exnettmdofmr\cdnmllmg thevstartirgs of ancaindonditionememploying tehpuise t
side of the electronlc expansi on valve and the inlet side of the

conpr essor; Wigih medulaled campriesset twhich performs the starling eperation; ¢fithgo

Vate requl at i RARYET R sHERR. theiShy oo niiRb AR et adhariort | o

rate -ofid | ui dofdePuinastiifcoHBéctble bypass conduit; and a control unit for
controlling the el ectroni c expansi on valve, the flow rate r egul at| ng val ve

and the corrpressor |n00r|§§rfl©raﬂCDmpllShabe ahowe phigcimdn accondance withthe way
B e B B8 BhbRP Y Bblon, & R JoE Rarhing B8 AR o, o
regul ating VQTII V4ir icon@litoref fpridks @ e6mpredsoresamisiednin/al Yalde waganed in
a second startln? operation, and the conpressor being controlled by a duty
control modulation manner according to a duty control signal; an electronic
15 expansion valve for expanding refrigerant compressed in the compressor;
a high pressure conduit connecting the exit side of the compressor and the
inlet side of the electronic expansion valve; a low pressure conduit
connecting the exit side of the electronic expansion valve and the inlet side
of the compressor; a bypass conduit connected at its first end to the high
20 pressure conduit and at its second end to the low pressure conduit; a flow
rate regulating valve mounted on the bypass conduit for regulating a flow
rate of fluid flowing through the bypass conduit; and a control unit for
controlling the electronic expansion valve, the flow rate regulating valve
and the compressor to perform two stage starting operations in such a way
25 that the flow rate reguiating valve is opened and the electronic expansion
valve is closed in a first starting operation, and the flow rate reguiating
valve is closed and the electronic expansion valve is opened in a second
starting operation, and the compressor being controlled by a duty control
signal having a period shorter than a period for a normal operation during
30 said starting operations.

In accordance with another aspect of the principles of the present
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‘signér having a period shorter than a period for a normal operation during

30. sai d sy@wim4sg7 operations. I n accordance with anot her apgewirRovhod2he
principles of the present WO 01/94857 PCT/KRO /00021 5 invention, a nethod
for controlling the starting of an air conditioner having a conpressor
controlled in*a pul se width nodul ati on manner according to a duty control
signal conprises determ ning whether a starting signal for the conpressor

is inputted; operating the conpressor for a predeternmined time 5 period at
a period of dwentiesnaraethedfanronitolling the starting of an&ir eanditienerhaving

and openi ng_ Srgeed ESREYRAM A pluse SicubHfisRioh hhRGLEoReRERL AR T
connecting exty %Bﬁtrbﬂéi@h_aﬁbgﬁfﬁrigéstdé?erﬁﬂﬁ%%ﬁéfhérrh tatfing Sighiaf for the
operation, when the starting signal is inputted; and operaiting the 10

* conpr essor f compressokisdnputted; eperatipg the dompressasfond psedeierminashtimel

T ook vl Bt oy S 0t Phofef & BB ALB oBREFE" 20
i of Desori po i Bf & AGMACAGANNA Wille BlofintC AR Getthic ShIRTIRRR. | .
of a system fand opehingl &iflu trhie regulatingyalve positioned ondat bypass conduit

accordance with the present invention; Fig. 2a is a sectional view show ng
a pul se wi dt eansetiag cexit cangislatosides &f |hedcagRressar ¥n, a dirst startings i s a

ol ordi ng_posgrargehogurod “u' 8Bt SgRBL s’ YPlaLY 2RC Hnerih oty
| oadi'ng1bi me, corfipressbpdet adpiddstemiiflell imaBaiidd @it 4lipefibar eedutyetbhBer ant
during the operation of the conpressor of Figs. 2a and 2b; Fig. 4 is a

bl ock di agr arSigRalshetemthanyapenadef dutw controlngignakforsa snarmal operation aj r

1 ovchart ol SPeRi, St telpotolfe PofiRfilpr MERE L7 pifteetningiexeent © @

condi tioner iandepenigthe fiow fatéregilating Valveinenséedhd starting operation.

Brief Description of the Drawings

15 Fig. 1 is a diagram showing the cycle of a system for controlling the
starting of an air conditioner in accordance with the present invention;

Fig. 2a is a sectional view shoWing a pulse width modulated
compressor in a loading position, and Fig. 2b is a sectional view showing
the pulse width modulated compressor in an unloading position;

20 Fig. 3 is a graph showing a relationship among a loading time, an
unloading time and the amount of discharged refrigerant during the
operation of the compressor of Figs. 2a and 2b;

Fig. 4 is a block diagram showing the system for controliing the

. starting of an.air conditioner in accordance with the present invention; and

25 - Fig. 5 is a flowchart showing a method for controlling the starting of

- an air conditioner in accordance with the present invention.

*Description of reference characters of principal parts

2: compressor 5: evaporator

8: outdoor unit 9: indoor unit



*Description of reference characters of principal parts 2: conpressor 5:
evapor at owo ddjo4gxt door unit 9: indoor unit WO 01/ 94857 PCPCIRQRO1AO0AL 6
26: pul se width nodul ated val ve 27: outdoor control unit 28: outdoor
comuni cation circuit unit 29: indoor control unit 33: conpressor

t enperature sensor 34: condenser tenperature sensor 5 Best Mde for
Carrying Qut the Invention Hereinafter, efbodi ments of the present
invention are described in detail with reference _to acconpanying, draw ngs.

Fig. | is a _ di agi2@nPulseowidth raedulaiedvalveit of 37 Qudeer eanteol 4plt em f or
controlling the st I ' L .Qn | By 1k the
principles of the gééé’é’g‘?ﬂ'fo“ﬁﬁ(@ﬁ'fﬁa@ﬁﬂ%éﬁéﬁt c&'aﬁﬁﬁéﬂg&ﬁﬁdﬁnﬁﬁ]hg
present invention i3gl WiApressoP BEMPERIUre. Sersprdenser 3,342 owdahséy of
el ectroni c expansion valves 4, and a plurality of evaporators 5, which are
connect ed t o temperaturesepgor refri gerant conduits to forma closed circuit.

O the refrigerant conduits, a refrigerant conduit connecting the outflow
side of the conpressor 2-to the 15 inflow side of.the el ectronic expansion

val ves 4gi s aEQéﬂMoEéQéﬁGé&gﬁ_‘iﬁgéﬁi%@Inv&ﬁﬁorgm ding the flow of high
pressure refrrgeran I schar ge ) conpressor 2, while a refrigerant
conduit connecting the outflow side of the electronic expansion valves 4
to the inflow side ﬁf t.he  conpres ressgre condui t, 7. for

. [ | . i
Lo dig The i ow of HeinaRes eaodiRens,ef tha ProsoBL Y RRHAN ATS SecHbed i oni ¢

expansi on val i1 Awith N fefsRIHR 38" ' ' : t hi

conduit 6, m?’?@"?ﬁ’gﬂe@eﬁor at o?g %&g@a@f'ﬁjﬁg‘g"ﬁ%’t ﬁg[ oﬂ%%gﬁa%
conduit 7. Whshewingears emboziiment af the cyule ohh aystamifor genteoiling thestartingol i d
arrow directions. The air_conditioner 1 includes an outdoor unit 8 and a.

plurality of ob@n Afosendiionsrdn aseordapemdvithihe pringiplesiof thacpesant
descr | D9 COMRGRESA! Al Gif WHffHer31 df the ' BrdsBht URbéntibd Hhéilaks a

i ncl udes "a

compressor 2, a condenser 3, a plurality of electronic expansion valves 4,

and a p_IuraIity of evaporators 5, which are connected to each other by
refrigerant conduits to form a closed circuit. Of the refrigerant conduits, a
refrigerant conduit connecting the outflow side of the compressor 2-to the
15 inflow side of the electronic expansion valves 4 is a high pressure conduit 6
for guiding the flow of high pressure refrigerant discharged from the
compressor 2, while a refrigerant conduit connecting the outflow side of the
electronic expansion valves 4 to the inflow side of the compressor 2 is a

low pressure conduit 7 for guiding the flow of low pressure refrigerant

20 expanded in the electronic expansion valves 4. The condenser 3 is
situated on the high pressure conduit 6, while the evaporators 5 are
situated on the low pressure conduit 7. While the compressor 2 is

 operated, refrigerant flows in solid arrow directions.

The air conditioner 1 includes an outdoor unit 8 and a plurality of

25 indoor units 9. The outdoor unit 8 includes the above described
compressor 2 and condenser 3. The outdoor unit 8 further includes an
accumulator 10 situated on the low préssUre conduit 7 upsiream of the
compressor 2 and a receiver 11 situated on the high pressure conduit 6
-downstream of the condenser 3. The accumulator 10 serves to collect



accumul ator 10 situated on the | ow pressure conduit 7 upstream of the

conpr essofyoloiigs7a receiver 11 situated on the high pressuyica/Rrnbeod: 6
.downstream of the condenser 3. The accumul ator 10 serves to collect WO

01/ 94857 PCT/ KROL/ 00021 7 and evaporate liquid refrigerant having not been
evaporated and allow evaporated refrigerant to flowinto the conpressor 2.
If refrigerant is not evaporated conplet2ly in the evaporators 5,
refrigerant entering the accumulator 10 is a mxture of liquid refrigerant
and gaseous raid iaxapanate Hqulderefigenant dayingl mok\kgen @vaporatgdi and aliow

ent or the conpiARABISrefgelarls dRi, nte The COmAPRaRr 2. I ERGRREF1d,pof
The acoumul a SrAHQUER SmbREIY Sl 66" AlpdiaRi B, gt Chenfa; e ©

‘condenser 3, adsumaktorgtOdsta mixtare of ligid refrigeramt drid paseous xéfrigeranit.
liquid refri gﬁéant and aseous refri ﬂ_erant ...The receiver 11 i.s constructed
t

t ohsepar §t e e|a°&urrluﬂa 119 %P&ﬁ@teﬁ 'ﬂu_fqﬁ@fﬂ%r@éﬁsa'i‘@ﬁﬂ?ﬂér%‘h{ gﬂﬁﬁﬂﬂ‘%ﬁ_ch
ond. the ent r S (Gas SRigerdt fo riés HE Bfuplchels £, CFOURNG. B 1 1o e

of the recei vdesitdblerto sifliate tiecbaanéeahtl @xiteamis oPtie msfrigéranh eondaitiiver
11. In order to bypass l%aseous refrigerant situated in the receiver 11, a
Ll

vent bypass cHigiupperpoitionsfihe aseumulateiifbct the receiver 11 to the | ow

ressure conduit 7 A f. t r e_entr t he
\F/)ent bypass condui twigéff'g&grﬁdgt ﬁ‘? ?ﬁﬁ{"ﬁﬁé‘“@p%@ﬁ@%@?dﬁ ﬂ}et §8?§€§rl &Lr 20
11, so aWy Opsfrigerariteérntering ant RitbREP 11fs WemMixtDyed BT Jiquid ¢efrigetaht dnyent
valve 13 is provided on the vent bypass conduit 12 and controls the flow

rate of gaseo@@seews refeigarantoy Jhegeceivenlblie copstruated:toseparate the: iguide
o "S5t oot S5 504 Babhod AEHBBIark i VaskT Yk o MR RS
receiver 11 i shefgaidr reffigerahftdBedisdHapyad. t 116 thiecendl thb@ntidhceTdnd exit
ends of the refrigerant conduit situated inside of the receiver 11 are
15 extended to the lower portion of the receiver 11.

In order to bypass gaseous refrigerant situated in the receiver 11, a
vent bypass conduit 12 is provided to connect the receiver 11 to the low
pressure conduit 7 upstream of the accumulator 10. The entrance end of
the vent bypass conduit 12 is situated in the upper portion of the receiver

20 11, so only gaseous refrigerant enters the vent bypass conduit 12. A vent
: valve 13 is provided on the vent bypass conduit 12 and controls the flow -
rate of gaseous refrigerant bypassed. Double dotted arrows indicate the
flow direction of the gaseous refrigerant flowing through the vent bypass
- conduit 12.
25 The portion of the high pressure conduit 6 extended from the
receiver 11 is constructed to pass through the accumulator 10. This
construction is to evaporate the liquid refrigerant 6f low temperature

collected in the accumulator 10 by using the refrigerant of relatively high
temperature passing through the high pressure conduit 6. In-order to
30 effectively evaporate the refrigerant, the portion of the low pressure conduit
7 situated in the accumulator 10 is formed in the shape of U, while the



construction is to evaporate the liquid refrigerant of |ow tenperature
-col | ect ewoionv9tdse accunul ator 10 by using the refrigerant RIT/KRO1Z00021el y
high tenperature passing through the high pressure conduit 6. In - order
to 30 effectively evaporate the refrigerant, the portion of the |ow
pressure conduit 7 situated in the accunulator 10 is formed in the shape
of U, while the WD 01/ 94857 PCT/ KROL/ 0008 8 portion of the high pressure

duit 6 ' t h.th | at, 10 i i fi dt h h
Che it eri oy Borthof e A Bressiia Gonait b rassing tipugh $ha AcoHMROR 10Te
td it . i . . i . i n
The porton 4 PpRliosa to Raskifbugnifk iHEHoP ERS LEEbEd poftomolifiBTigh: | 10

t he condensempréssuretdondaitcymul ator 10, and. a liquid bypass conduit 15

connecting the downstream side of the receiver 11 and the upstream side of
the accumul ator 10.The pYtdopsunitB\iarther jincludes 2 gt aas byRasfcondut fpass

valve 171s STDRPG ofer oty B g il 8eche FERGR B, kRRpS ' G,
rate of |iquighnigress@er 22ahd HnBassRIGnsEf @ tslithe! aocumiidatort {6, 884 Haguiel ve

16 is opened, a portion of hot gas discharged fromthe conpressor 2 flows
al ong t he hotbypassognasit thodonecting the downsireamntside ofithelirecgiver #y arice

dot t ed f Fig., 1: he |iqui | 7 i d, .13 a.post] f
qurd refri doe dnstianath s 06 tTE anedmuiranady A hat el yai afde Sithated oni
A [ . A . e t j

o Parg, Canadn e tot BEs by BB U0 Soritlol 81 ABK KSR R gl [ Ot
the -intoor Wyipassed; and adliquidivailect? iosituaterdpom theliquidl bypassasuhdait 15

o b s ngl e daaBroNdRpUI ratheol IS s aRIbUPRSSES. o AGIRISBBNAHEN my
D ooc"suC s DA ke SeLEFIT SRR DO M ot b RESBRGH FERE! 7
t enper at ur e oforrpresisor @eflowsfalong thathot gas bypass conduit 14 in the direction
indicated by the dotted arrow of Fig. 1; when the liquid valve 17 is opened,
15 a portion of liquid refrigerant discharged from the receiver 11 flows along
the liquid bypass conduit 15 in the directions indicated by the double dotted
arrow of Fig. 1.
A plurality of indoor units 9 are arranged in parallel. Each of the
indoor units 9 includes an electronic expansion valve 4 and an evaporator
20 5. Consequently, a pluraility of indoor units 9 are connected to a single
outdoor unit 8. The capacities and shapes of indoor units may be identical
with or different from one another.
A compressor temperature sensor 33 is positioned on the exit side
of the compressor 2 to sense the temperature of discharged refrigerant
25 'gas, while a condenser temperature sensor 34 is positioned on the center
of the condenser 3 to sense the temperature of the condenser 3,
preferably, the temperature of the center of the condenser 3. The
compressor temperature sensor 33 and the condenser temperature sensor
34 are connected to the outdoor control unit 27, as described below.
30 As depicted in Figs. 2a and 2b, a variable capacity compressor
controlled in a pulse width modulation fashion are employed as the
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25 gas, while a condenser tenperature sensor 34 is positioned on the center

of the cQugee@sy 3 to sense the tenperature of the condenggf/kko1/00021
preferably, the tenperature of the center of the condenser 3. The

conpressor tenperature sensor 33 and the condenser tenperature sensor 34
are connected*to the outdoor control unit 27, as described below. 30 As
depicted in Figs. 2a and 2b, a variable ®apacity conpressor controlled in
a pul se width nodul ati on fashion are enpl oyed as the WO 01/ 94857

PCT/ KRO / 000@dmpgesson®. esHw c@mprassor Erinchudas aZasing 20eprovidedswith 20
provided with an _inlet 18 an?%an outl e tor 21 situated.ipn the

| 19,
casing 20, aMel18 angd anoutlel QarrﬂP‘Eﬂre’iﬂ Sguqt%grr‘?‘ £:535N9 d0c @ W not or
21, d t j 4 el i H t-h
o T he s ot SroRn 2y ¥oteEd ty) e’ (iiahG BRod of S iffIr 21, CAATRE bt ner

- casing 20 tosaolin4tdefinimps compressing tdhamibert RBnkgettsar with ¢ tatating i nl et

18, and a PWM val ve Pul se Wdth Mdul ated Valve) 26 in the formof a
sol enoi § val $eralis22.npdhypass conduitidh issattachrdifa the; casingr2Qto sgnneglea pyw

conpr essor  2PRBtaNavél, BRE HPRRLBERY 241 1Ecks et 8. ARCRTERN vAE.
| oadi ng st at gPuisanWitth MdduWatetiaVaive) €26 oRP tRs 56fm Zof & 88RNvIdE Yahie 1§0%
capacity. In Fig. 2a, the PWJMvalve 26 is ON and opens the bypass conduit

25. 1n this :soelnted onethechypasscanduit 2fesinnbig. 8astheaPYWMrive geria@FF Thi s
tate i f d, t " | oadi tey d_\in thi f

conpr essor 288 Gises, Tp JeERs 16T g statds 1y palBldec2
conpresPr 2 fiRIdrGes Fefrigbrantic T@Q@t is3Bfbrigd P88 "W lowidim _§taté"f,‘%nhh(é-‘i ot or

21 is rotated at a constant speed. en power Is not suppliedto th
conpressor 2 thisrsiateothe compiessan israpexated ainti0@Yecanpagityes doFig 2a; thet

oper et e, s FNEIVahA 2 Ol abd BreREIhG 5 st SRAALE Sl Aela RS 1
oha gD e DS s e SRS B o 8 |
“a ‘unloading state’, and in this state the compressor 2 is operated at 0%
15 . capacity. Power is supplied to the compressor 2 regardless of the loading
and unloading states, and the motor 21 is rotated at a constant speed.
When power is not supplied to the compressor 2, the motor 21 is not
rotated and th.e compressor 2 is not operated.
As shown in Fig. 3, the compressor 2 periodically experiences the
20 loading and unloading states during its operation. Loading time and
unioading time vary according to required cooling capacity. During the
loading time the temperature of the evaporator 5 is decreased because the
compressor 2 discharges refrigerant, while during the unloading time the
temperature of the evaporator 5 is increased because the compressor 2
25 does not discharge refrigerant. In Fig. 3, the hatched portions indicate the
amdunt of discharged refrigerant. A signal for controlling loading and
unloading times is referred to as a duty control signal. In the
embodiments of the present invention, the capacity of the compressor 2 is
varied in such a way that the loading and unloading times are varied
30 according to the required total cooling capacity of the compressor 2 while
each period is kept constant, for example, 20 seconds.



‘conpressor 2 discharges refrigerant, while during the unloading tinme the

t enper at uyp Rlsgsyhe evaporator 5 is increased because the pegiRARGHN 2 25
does not discharge refrigerant. In Fig. 3, the hatched portions indicate
the anount of discharged refrigerant. A signal for controlling |oading and
unloading times is referred to as a duty control signal. In the

enbodi nents of the present invention, thel@apacity of the conpressor 2 is
varied in such a way that the | oading and unloading tines are varied 30
according to the rd&ugi4dd a dletk diagramgsbowing the systeme fespntrolling thewhi | e
each period i ept _constant ..for exanple, 20 seconds. WO 01/ 94857
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an out door cdhat is comdctéd to tthatconspressore? tandl the PiMovalye 6sto tranamit t he
PWM val ve 26 to, transmt 5 and receive a signal. The_outdoor control unit

27 is cohnect@M f8caiMe @ {gRAr JdHenAHIdoRr; canteal runit 27,18 copreeted: F i t

and receive e Qe t : hat S ve 16
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necessary. Eagdhrefctedtiotie veritivalved! 3, nheustt yaevaivii 06 anddheniquidivalve?r A
tenperature detecti ngnunlt 30 and 10 a tenperature setting unit 31 are

connect ed t o torrontrgl dhe ppetation efitbesavabies if pacessaryni Eagb of indoamanits

| ectroni ' Lve 4 j d t h t t he j nd
control uni ¢ SPO4HEs KB ect, iR ACeT A drmberaight BelechBinuRtat Hhd cnoor
for senphng theeinperlfd S68ng urit 3?%f€‘6nhéc@zdrtollg|@ﬁﬂbbt gaﬂcbf thaGAdbaEoor

unit 9 includes an i ndoor conmunication circuit unit 32 connected to an
i ndoor cont r otontrolturin29 pand 4he relectsonicrexpangiondvalye 4 % cobnedtedr to the

communtcat ono el Holt e, AP Sobl LAY, SERTISHSRATE qblekftilutl | %2
fashion. in tB8giPaacrperatlkesbhedt fof BEnSIAG tRE toMpefitufd \6f & PHOMABLY aifd are
20 divided into a. normal operation and a starting operation. The nor nal
conditioned. Each indoor unit @ includes an indoor communication circuit
15 - unit 32 connected to an indoor control unit 29 to fransmit and receive data.

: The outdoor communication circuit unit 28 and the indoor communication
circuit uhit 32 are constructed to transmit and receive data in a wire or
wireless fashion. |

in the present invention, the operations of the compressor 29 are
20 divided into a normal operation and a starting operation. The normal
operation designates the operation 6f the compressor that will be
performed according to information on a required cooling capacity
transmitted from the indoor unit after power is applied to the compressor
and the starting of the compressor has been completed, while the starting
25 operating designates the operation of the compressor that will be
performed to start the compressor when a starting signhal is transmitted to

the compressor.
In a normal operati_on mode, the indoor control unit 29 receives
signals from the temperature detecting unit 30 and the temperature setting
30 unit 31, and calculates the required cooling capacity of the indoor unit 9 on
the basis of the difference between an indoor temperature and a set



oper at'i on desi gnates the operation of the conpressor that will be -

perforrredwgcbq@ggyng to information on a required cooling gaRagos 0021
transmitted fromthe indoor unit after power is applied to the conpressor

and the starting of the conpressor has been conpleted, while the starting
25 operating designates the operation of the conpressor that wll be
performed to start the conpressor when a Btarting signal is transmtted to
the conpressor. In a normal operation node, the indoor control unit 29
recei ves si daemiperatuoan tAdditionplly, sther inddot eontrob uniti 29 dasaimformation on
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capacity_on the basj f the difference between an i ndoor rature and

a set tefper 40t #sef d h%rwqdnﬁo@maﬁﬁﬂﬁmpfﬁ?@ L g@rrun%cg atedas .
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Fig. ‘5 18 prewithie |baum§cmmé i 0ARAdIg et ditetnatit@Withngasip oftiiri Whigd t he
starting operation are described. First, the outdoor control unit 27

det er i nes maﬁwerlesehdemnggbﬁhemaé rngmﬁbqocﬂmg(@nm:)ty | f the conpressor
2 ) St oped, the Sl RGeS IR, 2 o Bisduyfe AAENGS ASCAa BHHE R
passed (8103) starfing loperaticie &td thé autariingt opBrRftRd ars dddckBed! S Rt 'tlﬁlé'ed
while If thirty seconds have passed, the

outdoor control unit 27 determines whether the compressor 2 is stopped

15 (S101). If the compressor 2 is stopped, the electronic expansion valve 4

and the vent valve 13 are completely opened (S102), It is determined

whether thirty seconds have passed (S103). If thirty seconds have not

passed, STEP 102 is continued; while if thity seconds have passed, the

_hot gas valve 16 is opened (S104). Thereafter, it is determined whether

20 three minutes(or two minutes and thirty seconds after the hot gas valve has
been opened) have passed after electronic expansion valve 4 and the vent

-valve 13 are opened (S105). If three minutes have not passed, the

. electronic expansion valve 4, the vent valve 13 and the hot gas valve 16
are kept open; if three minutes have passed, the electronic expansion

25  valve 4, the vent valve 13 and the hot gas valve 16 are closed (S106).

. The reason why the pressure balancing process of three minutes is
performed is to reduce starting load at the early stage of starting by
balancing high and low pressure in a cycle. In such a case, three minutes
is a time required to balance high and low pressure in the cycle, but the

30 time may be changed depending on particular systems;

Subsequently, the starting operation is described. In this



“hot gas valve 16 is opened (8104). Thereafter, it is determ ned whet her 20

three m RYbHPgosys7tWo mnutes and thirty seconds after thephgiki@amnodal ve has
been opened) have_passed after el ectronic expansion valve 4 and the vent

val ve 13 are opened (8105). If three m nutes have not passed, the

el ectroni c expansion valve 4, the vent valve 13 and the hot gas val ve 16
are kept open; if three mnutes have passkz, the el ectronic expansion 25
valve 4, the vent valve 13 and the hot gas valve 16 are closed (S106). The
reason why t lemhodimeat,cthbastartirighgperationsis perfarmest atitwotstages. peeffisstned i s

and Fg‘v’vZSr o5 708 Fiarig pppeation wiliod desefioed ek olf i drielpineowaStnea
o be- changaieBBEcaighal rathe SlnEss 8 I ridifely (807 if G statng T°
operation is slgsalris hesuttdd) thei conirésbp 255 opaTatetRhe (Sl8ettonit xpansitment |

the starting operation is perforned at two stages. The first sta%g :
arey

startingdopervalve® {6 closed aaddhepbet gassvalve t16 angethe vient valwe:(l

starting signal faor conpressor_2 ig inputted. (S107). 1{. the starting
signal is i np?ﬁ%e@, ($ﬂ@8)00%‘r g@§093§9.i @%;?«%F&Fegf 9 hcg’tkl %%?tfgnﬁg%@EﬁLSi on
5 valve 4 is gam@ i i
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unloading time is relatively long during a normal operation, the starting of

15 the compressor 2 takes a long time. While when the loading time is

relatively long, a pressure drop becomes great and liquid refrigerant may

flow from the accumulator 10 to the compressor 2. Accordingly, if the

loading time is determined as being relatively short and a loading operation

is frequently performed, the starting of the compressor can be

20 accomplished rapidly and safely. In this embodiment, the period of the

starting operation is 20 to 80% of the period of the normal operation,

preferably 50%. The reason why the lowermost limit of the period of the

starting operation is determined as 20% is that the loading time and the

unloading time is set by the second and there is a restriction in the

25 - reduction of the lowermost limit. The reason why the uppermost limit is

- determined as 80% is that if the uppermost limit is determined as more

than 80%, there is nearly no effect of the reduction of the period.

Therefore, when the period of the normal operation is twenty seconds, the

period of the starting operation is four to sixteen seconds, preferably, ten

30 seconds. '

During the first stage starting operation, the compressor is



flow fromthe accunulator 10 to the conpressor 2. Accordingly, if the

| oadi ng twomipmsdet erm ned as being relatively short and ®CTadR1/00021
operation is frequently performed, the starting of the conpressor can be
20 acconplished rapidly and safely. In this enbodi nent, the period of the
starting operation is 20 to 80% of the period of the normal operation,
preferably 50% The reason why the |owermodt linmt of the period of the

starting operation is determ noed as 20%is théat the |l gading tinme and the
unl oadi ng ti raperatedeat R0 taeSQ%c srfulation.ne2@% Mmedylation; weans that the 25

-detorm notl acoRTyERESH EBber Bl e NENHEOHRY 0 B Bt Sgh-
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Therefore, when the period of the normal operation is twenty seconds, the
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| oading tinme and an el ght- seco nloading tine are alternate However,
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pressura0drop occurkhe first stagestdrieg eperation isgskfarmerhformatiout enettenfivey at ure
starting operation. 10 The first stage starting operation is perforned for
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starting oper8108). i if omeinminatetias passed, a second stage starting operation is

initiated. |

15 The reason why all the electronic expansion valves 4 are closed

while the first stage starting operation is performed is to prevent-liquid

refrigerant, which is contained in the receiver 11 and the evaporator § and

has passed through the condenser 3, from entering the accumulator all at

once and, thereafter, the compressor 2. Additionally, the electronic

20 expansioh valves 4 are closed, so low pressure refrigerant situated

between each evaporator 5 and the compressor 2 is rapidly moved into the

-compressor 2 and is compressed and discharged, thereby allowing rapid

starting to be accomplished.

In the meantime, when the compressor 2 is operated while all the

25  electronic expansion valves 4 are closed, the pressure of refrigerant

between each electronic expansion vaive and the compressor 2 greatly

drops and refrigerant is not circulated normally, resulfing in the overheat of

the compressor 2. Thus, the hot gas valve 16 is opened to connect the exit

side of the compressor 2 with the low pressure conduit upstream of the

30 accumulator 10. : Accordingly, a portion of hot gas enters the accumulator

10, so the pressure of refrigerant situated in the accumulator 10 is



15 The reason why all the el ectronic expansion valves 4 are closed while

the firsgyebpa@sptarting operation is performed is to prepenkroi/eiend
refrigerant, which is contained in the receiver 11 and the evaporator 5 and

has passed through the condenser 3, fromentering the accunul ator all at
once and, thereafter, the conpressor 2. Additionally, the electronic 20
expansion valves 4 are closed, so | ow prddsure refrigerant situated

bet ween each evaporator 5 and the conpressor 2 is rapidly noved into the
conpr essor 2pravented clomr greatly aropping: and)dhe tcompressarl 12ovis ngormgllyl
starting to be agcgrrpl I shed. In the neantine, when the conpressor 2 is
oper at ed whi PRETA®At he 25 el ectronic expansion valves 4 are closed, the

pressure of refri gﬁ{/ aazgji;igg,esn%ﬁgr}?gpﬁ?aﬁﬂ @%dm}dex@éamﬂa@gyg@#néeaﬂi the

conpressor 2 great S an gerant is not circ normal 'y,

resul ti ng i neldetroniceigxpansioh vailies obrgreesissed? reffigemntt denderisedain théve 16
IS opened to connect the exit side of the caonpressor 2 with tl}e | ow

pressur & conBONYensay desanrat enter she, secalveraddr rapidivac Ascordigoly, Bauidrtion

o tuat ed 1 TSI Cisr BPAEY Sfo° Boyghie) the, B8odiidr” Bt iy Bysha WY L FHc e
from great|ygdseous nefrigesarithsormaimetcipsie rdeivetor Rl aischag@datoedme fow

addition, since refrigerant is not circulated normally while all the
el ectroni c eRfeassire sideby epeningtbeMepd ¥alverBd.ri ger ant condensed in the 5

SO aerant § o ol ) UG Bl tedt Stamad, dtkloy. SRR BhdHone dodiihg,
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pressure side by opening the vent valve 13. e second stage starting
operation, sdiffarenge dheiweendhedempesature ofrthesexitisidenebthe gompiiessad2 Fi r st
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portion of tRhe pogdpreferably, e thdinR0i®) (S110). The temperature of the exit
side of the compressor 2 is sensed by the compressor temperature sensor
15 -33 situated on the exit side of the compressor 2, the temperature of the
center of the condenser 3 is sensed by the condenser temperature sensor
34 situated at the center of the condenser 3, and the sensed temperatures
are transmitted to the outdoor control unit 27. The outdoor control unit 27
calculates the difference between the temperature of the exit side of the
20 compressor 2 and the temperature of the center of the condenser, and
determines whether the difference is more than 10 to 30°C (preferably,
20°C) (S110). I the difference is more than 10 to 30°C, the normal
operation is initiated (S114); while if not, a soft starting operation is initiated
(8111). The reason why the normal operation is initiated when the
25 difference is more than 10 to 30°C is that It is determined that the inflow of
refrigerant into the compressor scarcely occurs. Accordingly, the
temperature range can be changed depending on systems.
in the soft starting operation (S111), the duty signal period of the
compressor 2 is 20 to 80% of the period of the duty signal period for a
30 normal operation. Additionally, in the soft starting operation, the loading
and unloading time ratio of the compressor 2 is 4:6 to 7:3. Since in the



to 30C (preferably, nmore than 20C) (S110). The tenperature of the exit

si de of tag Rigeressor -2 is sensed by the conpressor tenpecgikidioiRpsor 15
33 situat on the exit side of the conpressor 2, the tenperature of the

center of the condenser 3 is sensed by the condenser tenperature sensor 34
situated at the center of the condenser 3, and the sensed tenperatures are
transmtted to the outdoor control unit 25 The outdoor control unit 27
calcul ates the difference between the tenperature of the exit side of the
20 conpressorsolt starting eopeeation dterstartingt dperation ds perfarmedc andeheesomend

det whet h th ff t h 10 to, 30 f er abl 20C
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(S111). The reason operation Is Initiated when
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of refrigerant into the conpressor scarcel cu Accordingly, the

t enper at¥re r%@te&n Bethis sagedt eﬁmgngn%unwmmq F?tlon@g%'@fqrablyarti ng
operation (Sl the duty si gnal period of the conpressor 2 is 20 to 80%
of the perlodsof the duty signal period for a 30 normal operation.

Addi tionally, in th&dditbhalbf, ant theg scﬂestatﬁnyﬁ opehatidro 381 11), ahe gidefodiag
tinme ratio of the conpressor 2 is 4:6 to 7:3. Since in the WD 01/ 94857
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first stage starting 5 opera I'n this case, the |oading and unldading
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compressor 2 and the starting operation is smoothly changed to the normal

15 operation.

Meanwhile, even while STEP 111 is performed, it is determined
whether the difference between the temperature of the exit side of the
compressor 2 and the temperature of the center of the condenser is more
than 10 to 30°C (preferably, 20°C) (S112). If the difference is more than

20 10 to 30°C (preferably, 20°C), the normal operation is initiated (S114).
Otherwise, the normal operation is initiated after performing STEP 111 for
a preset time. In other words, if the difference between the temperature of
the exit side of the compressor 2 and the temperature of the center of the
condenser is not more than 10 to 30°C {preferably, 20°C) , then while
25 STEP 111 is performed, it is determined whether three to eight minutes
(preferably, five minutes) have passed (S113). If three to eight minutes
(preferably, five minutes) have passed, the normal eperation (S114) is
initiated. The reason for this is that when three to eight minutes
(preferably, five minutes) have passed, the operation of the compressor 2
30 enters safe stage and the inflow of liquid refrigerant scarcely occurs, In

this case, the time period (three to eight minutes) is determined in the



than the nodul ation for the first stage starting operation and the

el ect r oniygg offRanNsi on valve is opened to the extent of 17¥c-irficioiRbogaf e
starting is achieved by the prevention of the inflow of the refrigerant
into the conpressor 2 and the starting operation is snoothly changed to
the normal 15 operation. Meanwhile, even while STEP 111 is perforned, it
is determned whether the difference betieen the tenperature of the exit
side of the conpressor 2 and the tenperature of the center of the
condenser i s considerationoflthet factiaat arlohg rtiheé periddds KedterHfor saffe tsharting
difference is re than 20 10, tq 30pC (preferabl 20C), the nornmal
operation is@8 iaE?%?'ég"legﬁﬂﬂd. 'SQ@t??Jrf&FEQR"??%{'&T mal operation is
initiated after performng STEP 111 for a preset tinme. In other words, if
the difference between the tenperature of the exit side of the conpressor
2 and the terndusttial Appiicabliigy center of the condenser is not nore than 10
to 30C (preferably, 20C) , then while 25 STEP 111 is perforned, it is
determ ned whether three to eight mnutes (preferably, five mnutes) have

passed (5113). If t i 1Ayt ferabl five m ave
passed, the normal "Op §%‘%r|ﬂ’§ﬁ %Vl%)tﬂlgsﬁ%?ﬁﬁf[ng’tegﬁgpﬁnggés%@Pt)é&ﬁts%ﬂd; IS
that whem thrmethiod for Gontidling the staptied of AN Kir donditicRgrl ire Whith e ined,
the operation of the conpressor 2 30 enters safe stage and the inflow of

i quid refri guidtmtmediiated gompressor isnemployedc and, theheledtianio @xpansiarhr ee
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a pulse, .wdth npdul ated conpressor Jjs enployed and the.electronic ..
oxbane B vet B chrdttaner 35 BasaR o raVeRund Bie Rifaw, 6F iguisigaipt i
controlled, tiarfpdondidriativiiiicthe drapfdssar R opdtatad.r conditioner to be
performed rapidly and
In addition, the present invention provides a system and method for
controlling the starting of an air conditioner, which performs the starting
operation of the compressor at two stages, thereby allowing starting and

15 normal operations to be smoothly connected.



'safely. Additionally, the systemand nethod for controlling the starting of

10 an ai Ryg@{slsss oner is capable of preventing the infl owef/krofloded:
refrigerant 1n the air conditioner while the conpressor is operated. In

—————

addition, the present invention provides a system and nethod for -
controlling the starting of an air conditioner, which: piﬂlﬂlmm“mr" | Ng
operation of the conpressor at two staged7 thereby allo mgml
15 normal operations to be snmoothly connected. WO 01/ 94857 PCT}KROL/ 00021
17 0 =" et et rrorrtrt ot GlagmsC ains 1. A systemfor
controlling starting operation of an air conditioner, conprising: a
conpressor controlled in a pulse width nodul ati on manner 5 according to a
duty control signak; ' oqmegg m}&! : At
refrigerant corrprg’ssp‘ggc’lylﬁéﬁggqrgﬁcrgrnpr g%r; Y’%lb\glﬁ‘%rféfsgﬁ%gpggﬁg‘tt}% er.
»connecting t henpfisingsi de of said conpressor and the inlet side of said

el ectroni c expansion valve; 10 a | ow pressure condyujt 'g’ganec,ti ng the exit
side of said el ect BofPEPressRhsoptoled i anpulse width: modylation anper

conpr essQor; i at its first end to the high
pressureg cowm&&§%§°§@§gﬁ§h§ﬁd to the | ow pressure conduit; a flow
rate regul ating valagne efaohtonic Orexpindichy Peafvecofori texpandintp frefligerdntng a

flowrate of fluid flow ng through said bypass conduit; and a control unit
for control | ignRressedinsaidanapespansi on val ve, said flow rate regul ating

{nat sai d 1how r ot 8 Dagarasrul et colfephind iy SR B el Bomhretsst * "<
expansi on val }fj the ifle? SRIé bisaid ielédtforid 8xpansioRRahasi on, and 20 said flow

rate regulating valve is open and said electronic expansion valve is
opened 16 a predet & law gtessurenconduitacennastingsther exit gids of saidoaleciranic

expansion valve and the inlet side of said compressor;

a bypass conduit connected at its first end to the high pressure
conduit and at its second end to the low pressure condui;
a flow rate regulating vaive mounted on said bypass conduit for
15 regulating a flow rate of fluid fiowing through said bypass conduit; and
a control unit for controlling said electronic expansion valve, said
flow rate regulating valve and said compressor to perform two starting
operations in such a way that said flow rate regulating valve is opened and
said electronic expansion valve is closed in a first starting operation, and
20 said flow rate regulating valve is open and said electronic expansion valve
is opened to a predetermined extent in a second starting operation, said
: compressor being controlled by a duty control signal having a period
shorter than a period for a normal operation during said starting
" operations. |

25 2. The system according to claim 1, further comprising an
accumulator positioned on said low pressure conduit.

3. The system according to claim 2, wherein said bypass conduit is
a hot gas bypass conduit connecting a high pressure conduit situated



"conpressor being controlled by a 1? [ | having a period
shorter tyw@yi@sdaeriod for a nornal "MﬂM“ﬁ”"ﬂ'"W sai d FAKROMO021
operations. 25 2. The systemaccordindg té ckaisn 1x further conprising an
accunul at or positioned on said | ow pressure conduit. 3. The system
according to elaim2, wherein said bypass conduit is a hot gas bypass
conduit connecting a high pressure condui L8situated WO 01/94857 11111111
11111212122 111 11 1~"1 PCTIKRO1/00021 R s 18 between said conpressor
and sai d condestereenasaid secomprassanahdtsaid candenseii dnd |said agcemulagor, @andhg

alve is a hot .gas val ve posi.ti oned on sajd hot gas . ass _conduit. 4. Th

Syst em accor daig AW TG TRBSIEtIPG NERE: St 9aF NEVE BosUE Py SAREHY 9 ed

on said high %ﬂﬁﬁﬁﬁﬁﬁ"ﬁﬂdeit bet ween said condenser and said electronic
, erein

expansi on val sai d bypass conduit is a vent bypass conduit

e

connecting said receiver and a upstream side of said accunul ator, and said

flowrate regulating valve is a vent valve Eoljéioned op.sai d vent bypass
il

conduit. 10 5. The 4yEhesysiephaesordingdogial COMPIEINR: duty control

correspording < to. & TEeEBoRltsEn Hn, SAIE hEABHRSUR cPAGyR efiegA saia
nor mal  oper agbriderider @MdisHQ SN exPansior vakel em according to claim1,

wherein said conpressor has a 15. loading and unloading tine ratio of 4:6

to 7:3 during sai d Whersit saiddypass onduil ispevant biypass cprduit eonagcting

For sensing 1« epbver D8 BB, §1dB o el YR BRIRtor, A Sl Hofy H0°"

condenser ! eMReyAARHEVARBIS] VeIt vBRRBOMINS) oR Salc VBRI I5pHse halite cent er

of sai d condenser,
performed until the

erein said second stage starting operation is

10 ' 5. The system according to claim 1, wherein said duty control
signal for said starting operation of said compressor has _é petiod
corresponding to a period of 20 to 80% of a duty control signal for a normal
operation of said compressor.

6. The system according to claim 1, wherein said compressor has a
15 loading and unloading time ratio of 4:6 to 7:3 during said second stage
starting operation.

7. The system according to claim 1, further comprising a
compressor temperature sensor for sensing the temperature of the exit
side of said compress and a condenser temperature sensor for sensing the

20 temperature of the center of said condenser,

wherein said second stage starting operation is performed until the
difference between a temperature of an exit side of said compressor and a
temperature of a center of said condenser becomes 10 to 30°C.

8. The system according to claim 1, wherein said second stage
25 starting operation is performed for three to eight minutes.



“difference between a tenperature " said conpressor and a
t enper at Ug@ oRbsgkycent er of said C$ mﬂﬂﬁlﬂﬂﬂm@lo to 3@erdrorbiR1syst em
according to claim1, wherein said*se€ont stage 5 starting operation is
perforrred for three to eight minutes. WO 01/94857 | I"I"I Illill 11111
LTI 11 11 -PCT/KRO /00021 Ns 19 9. A nethod for controlling the
starting of an air conditioner, said air 1%onditioner including a
conpressor controlled in a pulse width nodulation according to a duty

control signal and S methnd fanicontrelingsherstaringef aneaipauudiﬁgnemsaicbabr essed
refrigerant, conprisin deternni V\/net h a. sta n r said

. CONPr essor i Eﬁ 'gdug‘ﬂgr%tcpmf@ﬁ 'Brafp g’b&b%@ P'ﬁ%ﬂgd time
period at a g© I t uty

cont rol s gnaﬂ‘*%f*"éﬁ olo &' dUtf W) .%ﬂﬁg'a a2 ah, Sleckiohe xpfineion Juive

*expansi on valenpaadmngeOtanplregsadfréimgermtecomnbimt ng val ve positioned on a
bypass condU|t n ctln eX|t nd inlet, sides of said ressor ipn a
first sthriing STRRANG, AhEtBET (@ SPIAing, Signthn 807 Saiq FHMPESSOR 8
operating sal Wé@ressor for a predetermned tinme period at a period of
duty control S|gna shorter than a period of duty control signal 15 for a

nor mal operation wuoperatimg Saith cofiptess®iCioroai predstemine tinke peribd at a
predet erm ned extent and opening said flow rate regulating valve in a

second st arti nipesioer ok ddy. control $ma&§m&§r émaoper@d of dugn pertrolvgignal n

e 90t o 900 6 i 8 natial sR8fkriPowid Bsind bal bigaEFTE HrahSich ME L 00"
according t0 Clopeiiy aviBwe rateSal fgmam? Yalvan pokitionalilo AMbYBBSEr odrifuip i d

second starting operation is per at a |oading and unloading tine
rati o of 4:6 t&onnecting exihandeinieldsidesoofisalg compressardin anfitséistagingd

second starting, o ation, when said starting signal is inputted; and
operating said_ compressor for a predetermined time period at a
period of duty control signal shorter than a period of 'duty control signal
15 for a normal operation while opening said electronic expansion vaive to a
predetermined extent and opening said flow rate regulating valve in a
second starting operation.

10. The method according to claim 9, wherein said period of the
duty control signal for said second starting operation is 20 fo 80% of said
20 period for a normal operation . |

11. The method according to claim 9, wherein said operation of
said compressor for said second starfing operation is performed at a
loading and unloading time ratio of 4:6 to 7:3.

12. The method according to claim 9, wherein said second starting

25 operation is performed until a difference between a temperature of an exit

side of said compressor and a temperature of a center of said condenser
becomes 10 to 30°C.



25 operation is perfornmed until a difference between a tenperature of an

exit sigg @Afosgsd d conpressor and a cent®rr/RRoBGA0E
condenser becones 10 to 30C. WO Hillmmlltln" Hﬂﬂl ﬂl'l O Y/ O O O e N
111 PCT/KRO /00021 * CL MS 20 13.°The et Hod*according to claim9,
wherein said second starting operation is perfornmed until it is determ ned

that liquid refrigerant does not enter 28@id conpressor substantially. 14.
The met hod according to claim9, wherein said second starting 5 operation

is perforned for thi.cEha methathaceomlingta clatim STivéhereirhsaid-seaand slgriing cl ai m

o5l 0 Shiod b PR 1 Rl AR i CAdS ol

enter said compressor substantially.

14. The method according to claim 9, wherein said second starting
5 operation is performed for three to eight minutes.

156. The method according to claim 9, wherein said electronic
expansion valve is opened to the extent of about 5 to 33% in said second
starting operation .



