W0, 101194856 PCT/ KR0O1/ 00020 1 Al R CONDI TI ONER CONTROL SYSTEM AND CONTROL
METHOD TRERBSsgsdechni cal Field The present invention rel pcgicrodosizoai r
condi'ti oner. re particularly, it relates to an air conditioner control
-system and control nethod thereof enploying a pul se-w dth nodul at ed
conpressof. 10 Background Art An air conditioner provides conditioned air
by controlling the properties air such as roomtenperature and humdity of
houses and buil dings by nmeans of a refrigeration cycle. Since people

living and working 15 in these houses and buildings differ fromeach other

in their desired indoorAl o] E ir MAND envi r onnent

svaries, the required cooling _g ' : e frequently. In a
multi-air unit conditioner haeRYRDL ME}R 3 ndoor cooling units
_connected to a single outdoor unit, the respective indoor units differ

*fromeach other in the required cooling capacity. 20 ; In, nost cases,
since the respective indoor units erate jndependently { of one .
anot her, the total cooling capacity—éﬁﬁgﬁﬂgaggb sumi ng up the cooling

- capacity required fromall the indoor units, tends to vary w dely and

P unprediétably. A. variable revolution conpressor has been disclosed as a
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- 10 Background Art

An air conditioner provides conditioned air by controlling the

. properties air such as room temperature and humidity of houses and

, _" buildings by means of a refrigeration cycle. Since people living and V\}orking

15 . in these houses and buildings differ from each other in their desired indoor
. conditions, and since the outdoor environment varies, the required cooling

- capacity may change frequently. In a multi-air unit conditioner having a
plurajity of indoor cooling units connected to a single outdoor unit, the

. vespective indoor units differ from each other in the required cooling capacity.

20 In. most cases, since the respective indoor units may operate independently
,of one another, the fotal cooling capacity obtained by summing .up the
éooiing capacity required from all the indoor units, tends to vary widely and

- unpredictably. A.variable revolution compressor has been disclosed as a

' compressor that can vary its capacity in response to a variable cooling

25 = demand. In such a variable revolution compressor, the capacity of the
compressor is regulated for a_'variation in required cooling capacity in such

a way that the revolution of a motor is controlled by varying the frequency



revol uti-on conpressor is problematic in that the revolution of its notor
cannot heyseidps | ed with a desirabl e responsiveness and pegrRrefpoo2because
t he .0perating notor has to be controlled directly according to a. 5

rrequi red cooling capacity. Additionally, since the revolution of the notor
is frequently varied, vibrations and noi ses occur, shortening. the life
span of . the notor and the conpressor, and thus conprom sing the nechani cal
reliability of the entire system In addiZzion, since an expensive and
conplicated circuit device and_ 10 excessive power consunption are required
in order to @hreurrent appligdteytheymetas. c Howavernpine sanventional pyarablet he
conventional variable revolutien conpressor is |ess cost/energy efficient
than a gener 58VQIHOn ccorapresson is prablgmatic in dhat, tha i"@‘#é{l-'t'%rqfa& dnotor
revol uti on conpressor requires several power conversions, e.g., initially
i nput t ed comFBnBPkI e conialleds aviff 2 stl%kerrewsw@@e% pBde ACCHEASYAC
power having,a requifJed frequenﬁy througg converters, resulting in the

struct ure of begause the;qpesating amo BEih?ﬁ toohe) Ganirallgd girectly; accordingtp a
enerated frequently ip the caopverter, cjrcuyit devices. . ln dition,, a

o Enaci Feaues $oping copreim. AdaBiopalcance §he rorplutian of the matky is
roblematic in that, it is diffjcult to control the c ressor,. due .fo its

Pow ef 11 ci endiPaueRtlyvariesl, Vibrations andonoises 0ocul, Shorferling ns dife SPED ¢t 1 | |
Iarge-papacit¥ reg ireq&qhs wi th a variall reyolution.cogg%e356&?.

Accor di ngl y, '@ TPHY; 2 81 $9mpresspL, gad thys sermPraiging s Mmecasalp, o

-conpressors ape.. loyed. ..In this case, a standard conpressor in which 25
its: notor iéeﬁﬁ?@gﬁﬂqﬁ?éaﬂﬁb q§ﬁ¥ speed is generally utilized together

compressors aro D ot SHed 3R FETRNECER comleyBettl FiRali device ancs geo
and. aggor di NglabssivaSpdiel EEURPEA? are Y&Qdited v Brder to vary the frequency

of the current applied to the motor, the conventional variable revolution

compressor is less costlenergy efficient than a general compressor.
Particulérly, a conventional variable revolution compressor requires
several power conversions, e.g., initially inputted commercial AC bower
15 into DC power, and the DC power into AC bower having a required
frequency, through conve&ers, resulting in the structure of the circuit device
being complicated and noises being generated frequently in the converter

circuit devices.
In addition, a large-capacity variable revolution cbmpressor is,
20 - particularly, problematic in that it is difficult to control the compressor, due
to its low efficiency, large size and the high cost, so it is difficult to fulfill
large-capacity requirements with a variable revolution compressor.
Accordingly, in order'to fulfill a large capacity requirement two or more
".compressors are employed. In this case, a standard compressor in which
25 :its:motor is rotated: at a constant speed is generally utilized together with
the variable rotation nFumber compressor. If a plurality of compressors are

(utilized, the entire size of an outdoor unit is enlarged and, accordingly, the



3 -handl'i.ng of the outdoor unit becones difficult. Pulse width
nmodul at egig onpressors are disclosed in, e.g., US. pegikr £, 047, 557
and.«Japan_es@%%%xam ned Pat. Publication No. He! 8-334094. Thdg@go PVW
conpressors are utilized in refrigeration s systens each having a plurality
of freezifng conpartnents or refrigerating conpartnents, and designed to be
applied in short piping systens where the portion of a refrigerant conduit
situated between a conpressor and an evgporator is short. Consequently,
these conpressors cannot be directly applied to air conditioning systens
for bui | di nghandimng efdheiouwidoarunibhecomesdifficwt.are gi ven control
*environnents much different fromthose for the refrigeration systens.

Her et of or e, -t her e Rulsepwisith medyates{BVWMb compresaars|aresdiselesedid, f@-hod f or
utilizing a pulse width nodul ated conpressor in apn nulti-air conditioner.
- 15 Di scl osur &8¢ PaheNpn 647,37 Apdodanangse, Unexaminest Rat. Rykliaation No.
directed to.ﬁr]eéaér condi ti_gner ontrol system and cgntro] nejhod t hereof

I

that substan 334394 at dhegee P ompressamscam Jillizad i defrigeratign a: i ons
ot fon sopPBm ot b b of i oogparie Sk BRGNS o oo
ni t - and ' bPRInPETaaRE, A0d Seslaned o, e Foplipt R GHOEGIRIng AESSTS, WAEKS, 0t her
ystem “and DULPRBIOTet fSBoeEmgrortul b as petieet & SiPhipesef g fly
peT! KroL ob0eyabaralf BTRHG T G ohseaiehhy BB, Aiarmspr, fednotig directy
transmtting abBﬁe& ?ﬂﬂtc%qldiﬁoning systems for buildings that require long piping and
T aré given control environments much different from those for the
2 . refrigeratidn systems. Heretofore, there has been a disclosure of a control
” system and method for utilizihg a pulse width modulated compressor in an

multi-air conditioner.

15 Disclosure of the Invention

Accordingly, the present invention is directed to an air conditioner
control system and control method thereof that substantially obviates one or
more of the problems due to limitations and disadvantages of the related art.

20 It is an object of the present invention to provide an air conditioner

'cohtrol system, and control method thereof, employing a pulse-width

modulated compressor, a single outdoor unit and plural indoor units
relatively far from each other.

| It is another object of the present invention to provide an air

25 conditioner control system, and control method thereof, capable of

calculating a required cooling capacity by computing a required cooling



cooling capacities to an outdoor unit, calculates the total required

cool i ng-'weapefesé Y. and varying the capacity of the pul sepgirgidygbsrg! at ed
conpressor In response to the calculated total cooling capacity
requirenent. 5 It is still another object of the present invention to
provide an air conditioner control system having a pul se-w dth nodul at ed
conpressor and plural evaporators, effectively. designed to be suitable
for air conditioning ,buildings. In order to achieve the above objects,
and in accordance with an 10 'aspect of the principles of the present

i nvention, axapacity domeach mespectivet indoorsysit,eand riranshaitting dbepecaraputed
installed in an outdoor unit, said conpressor being controlled by pul se

wi dt h nodul aiooling capadities he @an outdoot unit, t calctlates: theptatakrequiredpeaolingi ty of
i ndoor units each having an evaporator, each evaporator being connected to
t he conpr escapacity mehgdhempacM®thqwbeMd51 masiviated coMpresser t o
calculate a respective required individual cooling capacity; and an

out door contin sespense tpitheicalculgted tatalcaoling sapaeity equitegent. i n  response to
the required individual cooling capacities transmtted from respective one
of sai 8 plurality lois stiliappthesmhbject ofthe pregantdovention togrevide amy@iici ty of
the conpressor in response to the duty cycle _contrql signal. 20 Accordi ng
to anot her ZRARGitiongr CoROlSYstaMthaving atpuse-wigthanedu cOMprRssaF and: ol
system i ncludes a conpressor_having two states, each tate coryespondi ng
Lo an oper atfiHgI @YpREratyISqiefiechysly desianachie ket stilteble fox air sopgioning;
configured to .operate selectively in one of the two states while power is
bei ng applTéﬂ”p et 0; a condenser connected to the conpressor; 25 one or
nmore evaporators oggﬁct d to.the conpressor and the condepser;: %

t enper at ure sensor'? ?Tﬁba& ieveqthe: abeyk @ AR 1, acoprAance yith; an

condi Ly oned:.. gud, AU RNOMY be 6 oYt dhichttR] S & Soeftidef Lol ' "9 WO
- Egsys'tem includes a cbmpressor installed in an outdoor unit, said compressor
‘being controlled by pulse-width modulation; a condenser connected to the
.compressor; a plurality of indoor units each having an evaporator, each
evaporator being connected to the compressor and the condenser; fndoor

15 - control units configured to calculate a respective required individual cooling
capacity; and an outdoor control unit producing a duty cycle control signal in
_res'ponse to the required individual cooling capacities transmitied from
'respectiv_e one of said plurality of indoor control units, and controlling the
capacity of the compressor in response to the duty cycle control signal.

20 | According to another aspect of the present invention, an air
conditioner control system includes a compressor having two states, each
state corresponding to an operating capacity different from that of the other
state, and configured to operate selectively in' one of the two states while
power is being applied thereto; a condenser conn_ected to the compressor;

25 one or more evaporators connected to the compressor and the condenser; a
temperature sensor sensing an indoor temperature of a room being air

conditioned; and a control unit configured to caiculate required cooling



_capac'ity‘on the basis.of the difference between said indoor tenperature

sensed bw&g@ﬂsg‘,errperqture sensor and a preset tenperat urger/RRbfjoddsEset
t enpérature being a desired indoor tenperature for the room and produce a

duty cycle control signal based on the calculated required cooling capacity
5 to control of the conpressor to operate in one of said two statesl.
According to still another aspect of the present invention, an air
conditioner control systemincludes a conpressor having variable capacity
and being controlled by pul se-w dth podul ation; and a control wunit
configured capacitynen dhe\basisnfdheadiiierenceobetwaen: sajsh indagr tempesatyre ne
control unit 10 produces a duty cycle control signal which is a function of
requi red coolSPRgRd by mach: terperatwie sensetand ahpaset dempsrature, $ait pigset, o
control the variable ca acirég,of the c?r}&r)essor. According to stiJl

- anot her aspedemperatyre baiag afesi pehiermperaiuigdor Hie APy AN PIgAYLe 5

condl L oner heitya, el S et e Bt Sne SR vy
of sai d3pl ur 45 PPORHOH R ARmPIRASEE (0 GRAGHE 1hane o Pl WXSIEIBLY capect i ve anes
ool i ng " capac t | cAcPRRIRE 1o, K. Spotie? bt ich dner EresBnf i iEn, At g
hecont ol - donEinet bbffe) i PhRBGH coirbredkel Vi VarRBRSHHIRIGY "
of the {ot al EHANEORrBledhy BulgSRng e Bluod #63e ity b oBpmattel’ "
to still anotBerohtll B cebach] of W' EffirBsctt” WHiolh e cpntial B0 1 09
corpr esZor . e & HAP e U sidtl Wrt 1 8 HoRd ¥ BT
PCT/ KRO / 0002Lapacities transmitted from one or more indoor unit, to control the variable
capacity of the compressor.,
According to stilt another aspect of the present invention, a method
' of controlling an air conditioner having an outdoor unit with a pulsé—width
15 modulated compfessor, and a plurality of indoor units each having an
e\iaporator, includés: calculating required cooling capacities of the respective
'. ones of said plurality of indoor units, under the control of the respective ones
; of said plurality of indoor units, transmitting the calculated required cooling
cépacities to the outdoor unit, adding the required cooling capacities
20 . transmitted 'from the respective indoor units together under the control of the
| .-.outdoor unit to prjoduce a total required cooling capacity, and producing a
duty cycle cont_rol signal which is a“function of the total require& cooling
| capacity; and pontrolling the capacity of the compressor in response to the
duty cycle control signal. -
25 ' According to still another aspect of the present invention, a method
of contrdlling an air conditioner having an outdoor unit with a pulse-width.

modulated compressor, and an evaporator installed in a room being air



6 con'di ti.oned, conprising: sensing indoor tenperatures of the room finding

a di{fegrpefodgt Ween the sensed indoor tenperature and ay@fd/ﬁﬁsmoozo
tenperature, said preset tenperature being is a desired | ndoor

tenperature, calculating required cooling capacities on the basis of the
di fference, producing a duty s cycle control' signal as is a function of
the cal cul ated required cooling capacity, and controlling the capacity of
the conpressor in response to the duty cle control signal. Brief
Descrioon of the Drawings 10 FIG 1 shows a schematic diagram of a

refrigerati ocongitibmed)fcomprising: sensing intoor temperatliresysft the reonp fidding 4o t he
present invention; FIG 2a shows a cross-sectional view of a pulse-width

modul ated cdifferenceobetween thessénsgdindoar temperatare and i presebfempearatiire] oner ;
15 FIG 2b shows a-cross-sectional view of the pul se-w dth nodul at ed

conpr essor i sadnhprasebietfnpgrature beingr ist 4 alesivgd rindoer temperatule; caloulating! G 3
depicts the rel ationship between the | oading and unloading states and a
di schar ge r arequifedacoaling capacitiesionithg basisr oft thendiffererce, pradyoing adutyf
FIGS. 2a and 2b; 20 FIG 4 is an overall block diagramof the air :
condi ti®ner cyeler contraly siohal sascds di rfgnction ioé theesaleulated aeguived dtiolings
graphically depicts the relationship of the difference between the actual
i ndoor t enpercapacity, ansl contralling the cppacityuotthe compressepdmsearonse to the
coefficient used for the inventive air conditioner control systemand the
25 control métulbeyaleeoatsol sighal, 6a is a flowchart diagramillustrating the
control process carried . WO 01194856 PCT/ KRA /00020 7

- Brief Description of the Drawings
10

FIG. 1 shows a schematic diagram of a refrigeration cycle of an air
conditioner control system according to the present invention;
FIG. 2a shows a cross-sectional view of a pulse-width modulated
compressoi' in a loading state for the inventive air conditioner;
15 FIG. 2b shows a cross-sectional view of the pulse-width modulated
compressor in an unloading state for the inventive air conditioner;
FIG. 3 depicts the relationship between the Ioading and unloading
states and a discharge rate of a refrigerant during operation of the
| compressor of FIGS. 2a and 2b;
20 | FIG. 4 is an overall block diagram of the air conditioner control
| system according to the present invention;
| FIG. 5 gréphically depicts the relationship of the difference between
- thé actual indoor temperature and a preset temperature with a compensation
~ coefficient used for the inventive air conditioner control system and the

25 control method thereof;

FIG. 6a is a flowchart diagram illustrating the control process carried -



out- i n t'he indoor control units of the inventive air conditioner; and FIG
6b is. a oypdaase diagramillustrating the control procesgcRRéi®P20 OUt in
t he- out door control unit of the inventive air conditioner. *Description of
reference characters of principal parts* 5 2:. conpressor 5: evaporator

8: outdoor unit 9: indoor unit 26: pulse width nodul ated val ve 27: out door
control unit 28: outdoor comunication circuit unit 29: indoor, control
unit 10 30:: tenperature detecting part 3% indoor communication circuit
unit .Best Mdde for Carring Qut the Invention 15 Exenplary enbodi nents
accor di ng: t poutia theiimdoqr centrol uniteofthedeventiverairconditionersantw descri bed
*referring to the attached drawings. FIG | is a schematic diagramof a
refrigeratipn.cycl EIGf6lis aiflwchartdliagrancillusisatingthesganttahprecassdsiarged o t he
present invention. The air conditioner 1 of the present invention includes
a 20 conpr eoYbin the qutdesrrantil upit of the invantive aipcoadiienefoni c expansi on
valves 4, and a plurality of evaporators 5, which are connected each other
by refrigetant coni@esetptian elyeferanee shamatenscafiprincipal pREST ef ri ger ant
conduits, a refrigerant conduit connecting the outflow side of the
conpres8or 2 to thgi.CPmﬂT@%ﬁOJi de of the el ectrorf:@vapeEderon valves 4 is a
hi gh pressure conduit 6.25 for guiding the flow of high pressure :
refrigerant .di schaByOHtdaasdnithe ™ conpressor 2, vHiiNdodr YRlt 1 i ger ant condui t
connecting the outflow.side of the 'W) 01/94856 PCT/ KRO1/ 0002 8

el ectroni c expansi é8: PHIsgidth modulated vah@y si dezzifoqtﬂ%o"c‘éﬁﬂfd%r 2is a
Fow pressure conduidy oludctr hiiomisation chburk | ° PH hiod™ e

ndoor "~ control
unit
) 10 30: temperature detecting part
31: indoor communication circuit unit
B ode for Carring Ou nvention
15 Exemplary embodiments according to the principles of the present

invention are now described referring to the attached drawings.

FIG. 1 is a schematic diagram of a refrigeration cycle of an air
conditioner control system according to the present invention.

fhe air conditioner 1 of the present invention inciudes a
20 compressor 2, a condenser 3, a plurality of électronic expansion valves 4,
.and a plurality of evaporators 5, which are connected 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
inflow side of the electronic expansion valves 4 is a high pressure conduit 6
25 for guiding the flow of high pressure refrigerant discharged from the

" compressor 2, while a refrigerant conduit connecting the outflow side of the



expanded.in the el ectronic expansion valves 4. The condenser 3 is situated
on the Ry@hrsassssure conduit 6, while the evaporators 5 pegxRrofododét €d on
t he: [ ow pressSure conduit 7. While the conpressor 2 is operated,
refrigerant flows in the direction shown by the solid arrow. In addition,
the air conditioner 1 of the present invention includes an outdoor unit 8
and a plurality of indoor units 9. The outdoor unit 8 includes the above
descri bed conpressor 2, and condenser 3g The 10 outdoor unit 8 further

i ncludes an accunmul ator 10 ' situated on the low pressure conduit 7

upst r eam of efectroniznpxpaission Faves 4 to dheiinfow Iside oftthetcampressoe 2hisgh
pressure conduit 6 downstream of the condenser 3. The accunul ator 10
serves to cliw qressune eonguit &t forl gaiding theé rlayer ofihiow pressyrenrafriperant
evaporated and all ow evaporated refrigerant to flowinto 1s the conpressor
2. 1f refri gxpamded snnthe elagionic @xpaogionevalves 4. t HEhe csandensenrd is,
refrigerant entering the accunulator 10 is a mxture of liquid refrigerant
and gaseous sitéatedgenathe high pressurel gerduil (8,cwhyller the: eviapgratars &efareger ant
and allows only gaseous refrigerant (gas refrigerant) to enter the

conpr essor 8itudied: pns thendowi pressum ssanglilite 7t o glh“@aﬂle tempressendk isnd 20
exit ends of the refrigerant conduit in the upper portion of the

accunul at or operated; refdgeragt flaws in thediredisnishewa bydhe solidiaraw, t he
condenser 3, refri %grgant entering the receiver 11 is a m xture of uid

.l I
refrigerant and Hb ition, é'_f‘? iadfetenditiongyel Qftbp Rresent F’B’e@@ﬁgtmﬁ'é'f%ﬁ ? 0
other and  gn:Puasos it 8 ke el cat Rl WS, ohe TheSeMERgE TS 1
end, the entrance d exit nds, of, the refrigerant, conduit sijuated inside
of the recolanies Y, Sheve eeRbEd - PRIEAIS0AL PN ORGETEL S0 TR | over
portigg of torﬁ?déoercﬁhﬁeﬁ fhfther includes an accumulator 10 ‘situated on the low

- preésure cdnduit 7 upstream 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 and evéporate liquid refriggrant
having not been evaporated and allow evaporated refrigerant to flow into

15 the compressor 2. |If refrigerant is not evapofated ¢omplete|y in the
' evaporators 5, refrigerant entering the accumnlator 10 is a mixture of liquid
refrigerant and gaseous refrigerant. The accumulator 10 evaporates liquid
refrigerant, arid allows only gaseous refrigerant (gas refrigerant) to enter

the compressbr- 2. To this end, it is desirable to situate fhe entrance and

20 exit ends of the refrigerant conduit in the upper portion of the accumulator

10. |

If refrigerant is not condensed completely in the condenser 3,

refrigerant entering the receiver 11 is a mixture of liquid refrigerant and
gaseous refrigerant. The receiver 11 is constructed to separate the liquid

25 refrigerant and the gaseous refrigerant from each other and to allow only
the fiquid refrigerant to be discharged. To this end, the entrance and exit

ends of the refrigerant conduit situated inside of the receiver 11 are



In order.to bypass gaseous refrigerant situated in the receiver 11, a

vent bypRegefemsit 12 is provided to connect the recei vepcegkrbfodoRs | oW
pressure conduit 7 upstream of the accumnulator 10. The entrance end of s
the vent bypass conduit 12 is situated in the upper portion of the receiver
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. Dogbl e dotted arrows indicate the
flow direction of the gaseous refrigerant flow ng through the vent bypass

i 0 conduit 1extendediothe lowertpartien of the reasivarnd.conduit 6 extended fromthe

- -receiver 11 ' is constructed to pass through the accunulator 10. This

construction is tolrouestebypassgasepnsirefigerans stuategrin tha reesiyer Alude
collected in the accunul ator 10 by using the refrigerant of relatively high
* 15 t enper at uvVenbRYpass condwit dR isHarovided 1o eenned theeseives 11 tp thedow; o

effectively evaporate the refri gerar}t t he portion of hhe | ow preggure
conduit 7 siPressusa qonduitd upsirearmarheracasimujatos 1qTha emt@nce.ged of |,

accuml &t or 100 veat Buaes eadbls §2.78 st e wanbr partof otihe: fbelySinaped
PO L%, 5. BB bR e 5580 Pl SRV 1 1
e o e S R e S RASH 38Sul AT Gkl
e oL L0, R Geebbul RGBS SR R A,
e 11 £ e i 1 e i oo, 1
PCT/ KR@§100028 nduit 12.

: C 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 of low temperature
. collected in the accumulator 10 by using the refrigerant of relativefy high
15 « temperature passing through the high pressure conduit 6. In order to
= 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
: portion of the high pressure conduit 6 passing through the accumulator 10
. is positioned to pass through the interior of the U-shaped portion of the low

20 - pressure conduit 7. | |
The outdoor unit.8_ further includes a hot gaé bypass conduit 14
Cdnhecting the portion of the high pressure conduit 6 between the
compressor 2 and the condenser 3 to the accumulator 10, and a liquid
bypass conduit 15 connecting the downstream side of the receiver 11 and
25 the upstream side of the accumulator 10, A hot gas valve 16 is situated on
the hot gas bﬂ/pass conduit 16 to control the flow rate of hot gas bypassed,

and a liquid valve 17 is situated on the fiquid bypass conduit 15 1o controi



10 . theiflow rate of liquid refrigerant bypassed. Accordingly, when the hot

gas _varwg‘o}@“'sﬁ opened, a portion of hot gas di scharged daragkéivde2o
conptressor 2° flows along the hot gas bypass conduit 14 in the direction

indicated by the dotted arrow of Fig. 1; when the liquid valve 17 is
opened, & portion of 5 liquid refrigerant discharged fromthe receiver 11
flows along the liquid bypass conduit 15 in the directions indicated by
the double dotted arrow of Fig. 1. Aplwality of indoor units 9 are
arranged ‘in parallel. Each of the indoor units 9 includes an electronic
expansi on vatﬁeeﬂow sate ofdiquich pefigeant bypassedo Anserdinglyy whensthe: botigas of

i ndoor units 9 are connected to a single outdoor unit 8 The capacities and
shapes of i rvaive 18dswopengd, adartiemof het oasidischarged fiam dhe compressas 2

anot her. As depicted i'n Figs. 2a and 2b, a variable capacity conpressor
.control | ed flows, alangsthehet: gasbypass condyihJdi iarthgrcaregﬁlﬁndp@éa@ngh&e 15
conpressor 2. The conpressor .2 includes, a, casjng, 20 provided with an_inlet
18 and an odetied aiew ot igod: when the listid Na{"ﬁe"%dﬁ?}@ﬁ‘rﬁﬂv & Pogfon ohg

.scroll 22 rpotated by the rotating _ force of the of 21, .and at i onar
Serol S 24 dE TeEGeranh SIsEherRs dramciBe rRealRtod hAlows 1aionh dhe Jid g
.scroll 22. bypass ¢Qq Lt 25 .0s attached.to.t casi t,0 connect a
20 posi t 1 an( BURASS Candhil T4 i 11 AlsSefons Baikared oyl SnlE dofetiardy o6, ang
a ; PW Pul sg, W,dth Mdul ated Val ve) valve 26 in the formof a sol enoid
;valve is rmﬁm'éd .on the bypass conduit 25. In Fig. 2a, when the PW

val ve 20 1%, 00F, o ASquHRER iR e R 43, Sh856% 1 Bl RS or e
|08 19,25, o i 7 ko B 0 T RGO IR s fnd B
fg?ﬂjgieor gﬁt ' STEPS’?'SSFQ?%ntMié phirdlify of fado? S 804re? cORfisctBd toh Sitie 9¢e

- outdoor unit 8. The capacities and shapes of indoor units may be identical

with or different from one another.

As depicted in Figs. 2a and 2b, a variable capacity compressor

controlled in a pulse width modulation fashion are employed _aé the

15 compressor 2. The compressor 2 includes a casing 20 provided with an

inlet 18 and an 6utlet 19, a motor 21 situated in the.casing 20, a rotating

scroll 22 rotated by the rotating force of the motor 21, and a stationary

. scroll 24 defining a compressing chamber 23 together. with the rotating

iscroll 22. A bypass conduit 25 is attached to the casing 20 to connect a

20 position(outlet side) over the stationary scroll 24 to the inlet 18, and a

PWM(Pulse Width Modulated Valve) valve 26 in the f_orm of a solenoid

valve is mounted on the bypass conduit 25. In Fig. 2a, when the PWM

valve 26 is OFF, the bypass conduit 25 is closed. In this state, the

compressor 2 discharges refrigerant. This state is referred to as “a loading

25 . state”, and in this state the compressor 2 is operated at 100% capacity. In

Fig. 2a, when the PWM valve 26 is ON, the bypass conduit 25 is open. In

this state, the compressor 2 does not discharge refrigerant. This state is



WD 01/ 94856 PCT/ KRO1/00020 11 .referred to as "a unl oadi ng state", and in

t hi s statweololmsggpnpressor 2 is operated at 0% -capacity. pcinan1peedi nent
of the present invention, power is supplied to the conpressor 2 regardless
of the loading and unloading states, and the notor 21 is rotated at a
const ant “speed. When 5 power is not supplied to the conpressor 2, the notor
21 does not .rotate and the conpressor 2 is not operating. As shown in Fig.
3, the conpressor 2 periodically experienges the |oading and. unloading
states duripng its operation. Loading time and unloading tine vary

accordi ng t o nefayed tal aso@ unlpading state”, and iimdhishstate the ebmpressoe 2 ise
“tenperature:of the evaporator 5 is decreased because the conpressor 2

di schar ges r copergtadaat 0%icapacityr i dg amenobodinngntof the: prasent: investianur e of
the evaporator 5 is increased because the conpressor 2 does not discharge
"refrigerant. power is sgpplied tpathehcompresson? regarciess ofidthealaading |nd

di scharged refrigerant. A signal for controlling | oading and 15 unl oadi ng
times is refcdnlpading states, auaﬁhednptqn%ls@,ﬁaate | at am&fuiwqd. oWhame
present invention, the capacity of the conpressor 2 is varied in such a
way thats t he POWeN isgnelnsurpliedatd the compressar Ziathecmotercdi ddogs et fofate
required total cooling capacity of the conpressor 2 while the period of the
duty control 8RgHe complesser 4% eohaperativg. exanpl e, 20 seconds. 20 FIG 4 is
a bl ock diagram showi ng the systemfor controlljing in accordance with the
present invention. '&sg@‘ﬂ!ﬂdﬂ gi B thescompressor R papedicallyiexpgrieneesithe an

outdoor contrpl unit 27 connected o the coppressor, 2 and PWMJ val ve 26.
The oot door - clReig e LRIBAAITG &Atesc HUENG oy SRATEHER: - Losding ke,
circuit unit 28 ta.tr nsmt and (rygicei ve data. Eacti, i ndoor unit_ 25 9

i ncl udes an i HRIGBAINGoHMEYary,aecargiing, te Jeguirad  6Qoling: earaciy- | Ryring they

t emper ature setting,.uni 1 for ., ndicating the, designed te rature,are
P Eo oadmggtime tﬂe %emperature of the ev poratore§| JecreaSol because the

- compressor 2 discharges refrigerant, while during the unloading time the
temperature of the evaporator 5 is increased because the compressor 2
does not discharge refrigerant. In Fig. 3, the hatched portions indicate the
~amount of discharged refrigerant. A signal for controlling Ioadiﬁg and

15 unloading times is referred to as a duty control signal. In an embodiment of
the present invention, the capacity of the compressor 2 is varied in such a
way that the loading and unloading times are varied according to the
required total cooling capacity of the compressor 2 while the period of the
duty conirol signal is kept constant, for example, 20 seconds.

20 FIG. 4 is a block diagram showing the system for controlling in

- accordance with the present invention. As dépicte‘d in FIG. 4, the outdoor
unit 8 includes an outdoor control unit 27 connected to the compressor 2 and
PWM valve 26. The outdoor control unit 27 is connected to an outdoor
communication circuit unit 28 to transmit and receive data. Each indoor unit

25 9 includes an indoor control unit 29. A temperature detecting unit 30 and a
temperature setting unit 31 for indicating the designed temperature are

- connected to the input port of the indoor control unit 29, and the electronic



connected to the input port of the indoor control unit 29, and the
el ect r onigee ¥fd4edd 94856 PCT/ R01/ 00020 12 expansion valve gopfkroppngsted to
the: out put port of the indoor control, unit 29. The tenperature detecting
unit 30 is a tenperature sensor for sensing the tenperature of a roomto
be air-conditioned. The required cooling capacity of the roomcan be
cal culated on the basis of the tenperature s detected by the - tenperature
detecting part 30. A pressure sensor for jsensing a refrigerant's pressure
may be used instead of the tenperature sensor, and such tenperature and
pressure senS¥pansipn Valvg 4sisreannectast to thenpuipuh gor ofdhei indeorcepntrolqinit
capacity of each indoor unit, t.e, load of each indoor unit. 10 Each
i ndoor uni t - #9. dfeytesaperaturedgieciingniti Xhais adempesature sansorsior sepsiNgct ed
to the. indoor control unit_29 to transmt and recejve data. The qutdoor
communi cat i orth@i ternaratyie: ob@ seem: ke be Aosonditiensd. c Ahe ofequired upeoling,; ¢ s
32 are constructed t Lransm’t and recei VEngata in.aw rf or wirel ess

rt a te

fashi on. 15 TeRPaFRkY BoFAQIB| cath Pescalgu ohethe basisso meeraidi&.ct i ve

1 t det, ti it 30 dt .at ti it 31 t

caloul afe -t rAstedsr; Ry the, famperalire. detackino rRart 30 Ao pEassiie SERSEH O i 1 s
9 t he basi f the.diff ‘bet th i | t d

o oset. temoer SRS, 2 Tefgeraft s HiBSsiR: Y be, iselnstrad RE G demhERatiR 10w

capaci ty. on (4eBasHS SHioh eriParafit L PbreBlfs, Bimu i IcE, ffeort for
on The basi s GmBaie: b spASA Zidlife sBBgoly i S iiibdrte T Keblot et ¥

control unit 'i%EoSPl';ﬁF' ates a required cooling capacity only on the basis
of its cooling Capacity, its cooling capacity 25 becones a required cooling

capacityy The cool ipgeit ffforiuhif § inckidésah thdbdt communication circuit unit 32
2 ~ connected to th indoor control unit 29 to transmit and receive data. The
- outdoor communication circuit unit 28 and the indoor communication circuit
-units 32 are copstructed to transmit and receive data in a wired or wireless
fashion. - - |
15 . The indoor. control units 29 receive sighals from the respective
temperature detecting units 30 and temperature setting units 31 to calculate
the cooling capacities required for the respective indoor units 9 on the basis
of the différenoes between the actual temperatures and preset températures.
Each indoor control unit 29 has the information about its own cooling
20 capacity, and éan calculate each required cooling capacity on the basis of
both the difference between the actual temperature and preset temperature
and its own cooling capacity, or only on the basis of the cooling capacity of
the .indo_or unit. If the 'indoor control unit 29 calculates a required cooling
capacity only on the basis of its cooling capacity, its cooling capacity
25 becomes a required cooling capacity. The cooling capacity is tumed into a
capacity code value for application as illustrated in the below Table 1.
<Table 1>



papaéity,code value for application as illustrated in the bel ow Table 1.

<Tabl e :1 94856 PCT/KRO /00020 13 I ndoor i ndoor | T eYely
?Hﬁﬁim

i ndoor iﬁfoo#g S the wunit | unit 2 unit 3 unit 4 unit unit éﬁunits

Cool i ng 6200 3550 2800 2800 1800 1800 18900 capacity Kcal/hr Capaci- 62

35 28 28 18 18 189 ty code Table 1 shows six indoor units connected to a

7. 5-hor sepower - conpressor in which the capacity codes are set to be a

mul tiple of each [Indoor unit's cooling ggpacity. In the case where the
cool i ng T s 5 required by the resnective indoor.uni-ts ul at ed
[

consi der ing bot hf MRG0T ¢ ARAQAIn EINgeeTe rﬂ.ﬁdm abtngepr i ndeRRorai FAN e tperlat ur es
v and preset tenpesdt §res theli,ﬁitgwn %?4 ng ﬁﬁipgmt init6 t heupifaui rjed
cooling |capacit)jes can|be obtaj ned by t|p| I'ng thg capacity code ]of
Tabl e | hCoolingop®28Gat i|@5500ef fﬁwﬂant 2800 i s| 4800 on [t1880bas| $8830 t He
*differenge betywepn 10 i jthe actpal tenpgeraturejand prgset tenperaturg. The
conpensatﬁ@ﬁamggafficient Qis Heternmined accofding td FIG S| As shdwn in
FIG 5, OgsiRet|on the tbasis of the diffferencg betwegn the Hetected
i ndoor te_r[gerature and tljhe preset tenpgrature. |Even if| there |is no
di f f er enq€CdpackepB82t hem| 3dhe copP8nsat i{@8 coef {fBient [(18the £488 that 15
the I ndoqr_te erature decrease$ becongs diffetent frgmthe ope in the
case thattYﬁ@8$ nfoor tenperature incregses. Fol exanplie, if the indoor
t enper at ure—Tshirgher—thanmtte ESErtenperature whirte tHe Tdoor
tenperature is decreasing, Qequals 3. If the indoor tenperature is |ower

Table 1 shows six indoor units connected to a 7.5-horsepower

: compressor in which the capacity codes are set to be a multiple of each

ginqoor unit’s cooling capacity. In the case where the cooling capacities

=5 . fequired by the respective indoor units are calculated considering both the

 difference between the actual indoor air temperatures and preset

;.temperatures and their own cooling capacities, the required cooling

capacities can be obtained by multiplying the capacity code of Table 1 by a

compensation coefficient that is set on the basis of the difference between

10 irthe actual température and preset temperature. The compensation

| coefﬁclent Q is determined according to FIG. 5.

| As shown in FIG. 5, Q is set on the basis of the difference between

| the detected indoor temperature and the preset temperature. Even if there

is no difference between them, the compensation coefficient in the case that

15 the indoor temperature decreases becomes different from the one in the

| case that the indoor temperature increases. For example, if the indoor
temperature -is higher than the preset temperature while the indoor

temperature is decreasing, Q equals 3. If the indoor temperature is lower

than the preset temperature by less than 1°C, Q equals 2. If it is lower by

20 more than 1°C, Q equals 0. In the case that Q is 0, the electronic expansion

valves 5 are closed. Once the electronic expansion valves 5 are closed, the



than the. preset tenperature by less than 1C, Qequals 2. If it is |ower by
20 nore'tywigdesse Q equals 0. In the case that Qis 0, thpcehath/oooocC
expansi on valves 5 are closed. Once the el ectronic expansion valves 5 are
cl osed, the WO 01/94856 PCT/ KROL/ 00020 14 refrigerant does not flow to the
I ndoor uhits 9. If the indoor tenperature increases and there is no '
di fference between the indoor tenperature and the preset tenperature,
el ectroni c expansion valves 5 are open. h# the indoor tenperature

i ncreases further and.is higher than the preset 5 tenperature by |ess than
1C, Q equal srefrigevant dors netiflow tocihecingpar ainits 9.hilfke indeoer iemperaturet
tenperature by nore than I C, Q equals 3. The cooling individual ca%acity
required frolfareRSe%3pd thereds padificsence hetwaen the injoer tempaaturg andsthe
calculated in this manner is transmtted to the outdagor control

nit 27
through the PERRRinteraRerature; the,elecionic; expansignayalvey r?det%'butﬁof&e _

t he

trol unit 27 calculates the total i red cqol | ity includi

the cool i ng KRR tPAWETaTR HBoreanss nBitseand, Je highes: than «e; preseh (o)
th 2 and the PW val ve 26. Tabl hoys the |oading. ti d
untoadi Rg 1 fempreize BY tese el T K enldRiZ Wb e rbor Binbgfhs &

CAPaCL LY 1 a8 e B oo B ot A 4 Al 1ok ! Lond na
c0%, 119 209,110 g LhaBRERIhly o " it Foddechvedhed 31 >

the plurality of indoo: units calculated in this manner is transmitted to the
outdoor control unit 27 through the communication circuit units 28 and 32,
10 and the outdoor control unit 27 calculates the total réquired cooling capacity
: including the cooling capacities required in the respective indoor unité to
control the compressor 2 and the PWM valve 26. Table 2 shows the loading
time and unloading time that are set according to the total required cooling

capacity in a 20-second cycle.

5 <Table 2>
. [TLoading Unloading | Total Loading Uniocading | Total
time(sec) | Time(sec) |required time(sec) |time(sec) | required
cooling éooling
capacity capacity
20 157.5 T 10 10 84.5-94.4
18 148 5- 9 11 74.5-84.4
L 157.4
17 3 138.5- 8 12 63.5-74.4
o 148.4
% 7 132.5- 7 13 51.5-63.4
. 138.4 )
75 5 1265~ |6 14 405514
132.4 |
14 6 120 5- 5 15 28.5-404




148.4 16 4 132.5- 7 13 51.5-63.4 138.4 15 5 126.5- 6 14 40.5-51.4 132.4
14 6 .120wry ofro4d5s 28. 5-40. 4 WO 01/ 94856 PCT/ KRO1/ 00020 1%crRRedoodsd 7
114.5- 4 16 19.5-28.4 120.4 12 8 104.5- 3 17 10.5-19.4 114.4 11 9
94.5-104.4 2 18 10.4 Referring to FIGS. 6a and 6b, a nmethod for controlling
the air " conditioner according to the present invention is now described.
The foll ow ng description is about the control sequence in the indoor 5
units 9 with reference to FIG 6a. The insloor control unit 27 determnes if
t he i ndogt—unRit-9 i s turned (01 f theindoor-unit—9—s-tirned on,
326

the indodr tenperatjure is det “{7hrough the tlenperaturg detecting| part
30 (S102)fgzftre—Tmdh DN

(rm-l-. ’W‘Z‘?— v T RS ) Wat ure
t hrough tthe tenperature setti r;lg part Sy he .gi erepce

bet ween tlhe i ndoor {t enperat ur{et204 t he The i ndoof
* control uaﬁ-—zl—s-al- E-;Lﬁ—-t-he—c a ChH £L0/ t he
i ndoor urfit29 on thiB basis off WAvail z capacit 3P-1%8 | hdoor
units itslel f and the differercpgpt ween the indoo tenperagure and the
preset tenperature.| In this dtep, the cloling capacity of 15 the indobr
unit 9 isltfirned i ntg) the capad.by0detiel ¥al ue for| #ppl i cati ph0.4ds

Refering to FIGS. 6a and 6b, a method for controling the air -
conditioner according to the present invention is now described.
The following description is about the control sequence in the indoor
5  units 9 with reference to FIG. 6a.
The indoor control unit 27 determines if the indoor unit 9 is tumed on -
(S101). If the indoor unit 9 is turned on, the indoor temperature is detected
through the temperature detecting part 30 (§102). The indoor control unit 27
detects'(S103) a preset temperature through the temperature éetting part 31
10 to find (S104) the difference between the indoor temperature and the preset
| temperature. The ihdoor control unit 27 calculates (S105) the cooling
capacity required from the indoor unit 9 on the basis of an available cooling
capacity of the indoor units itself and the difference between the indoor
temperature and the preset temperature. In this step, the cooling capacity of
15 the indoor unit 9 is turned into the capacity codé value for application, as
- shown in Table 1. Each cooling capacity required from each indoor unit 9 is
' obtéined by muitiplying the capacity code of Table 1 by a compensation
coefficient that is set on the basis of the difference between the detected
temperature and the preset temperature. The compensation coefficient Q is
20 - determined according to FIG. 5, as described above. |
The required individual cooling capacity of each indoor unit

calculated in the above manner is transmitted (8108) to the outdoor control



shown in Table 1. Each cooli ng capacity required fromeach indoor unit 9 is

obt ai ned wayei@iksd Pl Yi ng the capacity code of Table | by ape&piiRgilpsrhé On
coefficient that is set on the basis of the difference between the detected

tenperature and the preset tenperature. The conpensation coefficient Qis
20 deterfrined according to FIG 5, as described above. The required

I ndi vi dual cooling capacity of each indoor unit calculated in the above
manner is transmtted (5106) to the outdqer control WO 01/ 94856

PCT/ KRO1/ 00020, 16 unit 27 through the comunication circuit units 28 and
32. If the iHabed through thei @mmpﬁmﬂ@nfclrpwt Mﬁ 281and 32ndf ﬂLﬁq’BF’P@ﬂU““

I ndi vi dual cqqlin apacity of:-the indoqr unit 9 is 0 (S107), q(; hi s
val ue is senP ‘PGU?'W Qﬁt“a P§Hpt1 ﬂP@F@W'ﬁi’g'WWW@W“Qt(FﬁP%t dhe
sequence of . {he out daoor u 5 now descrj be The out door control

unit finds (HSEPF UK 'F@t S@RQQHSVE'HSI“FESV‘E @lq @RF Wi ng t oget her
stﬁ?affétyhﬁfcfﬁbéglﬁq?ﬁrﬁﬁc'tyFl %hzéﬁpoqfé\tw sequsREs © l@%%q%@osqriwxiﬂ'? s o,
?eﬁuf’?éﬁogéﬁﬁﬁﬁ% sertd., i putdde 0?95@3.39@{?@5 &?@5»&2 oA redtiBdnen
duty cycle coROMY 555%9{ ﬁéﬂd&@gﬁﬁég %?fsz ””?%?“g;; ;; Y}ﬁéﬁ%&éﬁﬁé%y
ebponse o A TERAGVE At bb IR BiuEl;cr RUGRE uBle, ;e
response to: % g I ‘ lt ?dgnal

| oading t ?&T@h&*‘@%ﬁ%@é h P Pty ikl %@ﬁs Z@%@@%?Mﬁ%%t al

ni oadi ng &1 i IRaRRUING cBgnid RuBabfl BOROCo i dRedieh the (BRiHrBoed! 27 00,
the PWval venhdn Jg‘”eir t&)rﬁ;ﬁ%sgﬂf'ﬁ CORdE8PES R dolﬁ]rﬂl[}?ﬂodué@s EQQM’)

descrlbed above, ’ng tot |nveh I've alr con
a duty cycle control signal in response to the total required cooling capacity,

and controls the turned-on/off state of the PWM valve in response to the

duty cycle control signal. ‘The duty cycle control signal is a signal for

déteﬁ*nining the loading time and unloading time. Such loading tinie and

15 unloading time are determined according to the total required cooling

capacity, as shown in Table 2. Once the loading time and unloading time

are determined, the outdoor control unit 27 controls (S205) the PWM valve in
response to the duty cycle control signal. '

As fully described above, according to the inventive éir conditioner

20 control system and control method thereof, large-scale cooling load capacity

. such as an air conditioning system with a plurality of indoor units connected

to a single outdoor unit can be ‘efficiently controlled by regulating the

capacity of the air conditioner by means of the pulse-width modulated

compressor. The communication circuit units are each provided to the

25 indoor units and outdoor unit to transmit the calculated cooling capacities

required from the respective indoor units to the outdoor unit, which can be

efficiently applied to air conditioning for a largé building having



20 cont r:ol syst'em and control nethod thereof, |arge-scale cooling |oad

capaci t'yywepéigdygss. an air conditioning systemw th a pl ur apdg/kreindosudoor
uni‘ts connected to a single outdoor unit can be 'efficiently controlled by

regul ating the capacity of the air conditioner by means of the pul se-w dth
modul at ed conpressor. The communication circuit units are each provided to
the 25 i ndoor units and outdoor unit to transmt the cal culated cooling
capacities required fromthe respective jyndoor units to the outdoor unit,
whi ch can be, efficiently applied to air conditioning for a |arge building
havi ng WO 01insiaosioutdgor uRis relatively farapartienyeastaeber.units rel atively far
apart fromeach other. The required cooling capacity of .each jndoor .unit is
calculated in eachhedeauired maolingdcanasity it eagh inslaasunit isalculated inang
the outdoor unit .can conpute the totally required cooling capacity
- efficiently. eagB lmémtt@r@ftranﬁn#eemps@e@m%ruaaumf the 8%458@@% Falan be
varied effectivel usi the duty cycle conftrol sigpnal detern.njing the
| oadi ng/ énl 6 &9 ?B%lﬁbt"zﬁ‘g&%%"w 0%%‘119&‘@@5?"& f cwttyhgf}ﬁ?%%é?ﬂb%ol i ng
capacity. Moreover, in t j nventive air_ copditioner_control systemusing:
Che puf se. vamsiae-wisth Todiiate SPmplsstr cat, be rvariag eagciiieny) byrteing T
conpressor is, ., 10 varie Its mofor turns,at. a.constant. speed, which is
i fFeront . r St Cydle! bl sidhal lstermining: tBpBHEGLENSAInGHTER RORRY 1 ng
motor is directly cqntroll ed. usg, rovi des satisfactory control
response mtﬁ%PX??{aintB#é?icawyriiﬁa °°Hh’i‘£8§l??‘ﬂ§t may be produced due to the
change in the nunb rotation of . th . ' a t life
span of the notor ﬁ?&g{"&%ﬁ%&%f@&%‘aei Ir gﬁhgﬁggépﬁhﬁg%'vﬂg%ﬁ ﬁ%@ﬂa |Scal
reliability. : ' i m@g& uency
of electric %u;%{}ﬁg@ﬁﬁﬁ%%%&ég ﬁgr, ggﬁﬁﬁotpg%gﬁ?é@f{s I'S sfﬁ gg{’ﬁgdesi gn
and it sggpower. S ' ' . I TR IS
o her 5#8 e Cvaaﬁ-féﬁl Ohsugwmqtﬁf‘%ierﬁs bYW caristaiit ¥peBd Pinichas diféert froft a Variapk
: , rotation number compressor in which the turning motor is directly controlled.
; Thus, it provides satisfactory control response without the vibrations and
. ‘noises that may be produced due to the change in the number of rotation of
the motor, thereby increases the life span of the motor and compressor, and
15 . enhances the overall mechanical reliability of the system. Since there is no
- need o change the frequency of electric currents to the motor, the control
~ cireuit is simple in design and its power consumption is low.
It should be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without
20 departing from the scope and spirit of the invention. Accordingly, it is not
. intended that the scope of the claims appended hereto to be limited to the
description as set forth herein, but rather that the claims be construed as
encompassing all the features of patentable novelty that reside in the
present invention, including all features that would be treated as equivalents

25 thereof by those skilled in the art to which this invention pertains.



;appafentx to and can be readil y—made by those skilTled in the art w thout 20

depar.t i-ngy il%% e scope and spi i on. AccCpdflicing t is
not: mtemﬁﬁ %étqt he scope of t mmmﬂu’“mwmum hereto f‘g be Iilyo%z? ed to
the description as set forth herein, but®rather that the clains be
construed as enconpassing all the features of patentable novelty that
reside in the present invention, including all features that would be
treated as equivalents 25 thereof by thqge skilled in the art to which
this invention pertains. WO 01/94856 | |~~~ 1111011 "~ 1LLE~ 0101 1"11
PCT/ KROL/ 00020 * C L MS 18 Cains 1ClaBSair conditioner control -system
conprising: a conpressor installed in an outdoor unit, said conpressor
being s control I ed , by pul se wi dt h nodul ati on; a condenser connected to

t he conpressor; 8 ralit i ndoor units each havi ng an evaporator, each

evaporator being cdnfBdl Q@t“?ﬂ%‘@ﬂ%lmmf Rdcondenser: i ndoor

control units configured to caglcu e a res ective required 10 i ndj vi dual
cool i ng capacity; Qﬁﬁo@ﬁrﬁ?PHdWaMW &n oH dpoﬁr"w.xcﬁ cQ"éRIF?%’yB

control _signal in se.to t re ed individual cooling capaC|ty
transnifted frorﬁO'W&?ﬁag\ %s%%dr}gfm%&iﬂ{%vural ity of indoor units to
control the capamgy of, t he cog i§ 15 2. The air conditioner control
system according t ‘f,qr}g%ﬁs? 2 GONppressoly plurality of indoor

ot s, as an 1 900r, SABHR, G il . Bh neklhee St AleRlelole gl
unit has an quLdgon.c IS RL & & Udmptsbor and the condenser:
“indoor control units configured to calculate a respective required
10 . individual cooling capacity; and
an outdoor confrol unit producing a dufy cycle contro! signal in
- response to the required individual cooling capacity transmitted from
. respective one of said plurality of indoor units to control the capacity of the
- compressor. |
15
2. The air conditioner control system according to claim 1, wherein
each of said plurality of indoor units has an indoor communication circuit unit
- through which the required individual cooling capacity calculated is
. transmitted, and the outdoor unit has an outdoor communication circuit unit
20 . configured to receive data from the indoor communication circuit unit of
. respective ones of said plurality of indoor units and to fransmit thé data to

: the outdoor control unit.

3. The air conditioner control system according to claim 1, wherein
25 the outdoor control unit is cohﬁgured to vary the capacity of the compressor
in response to the total required cooling capacity obtained by adding

together each of the required individual cooling capacity transmitted from the



20 confiigured to receive data fromthe T RdooF communi cation circuit unit of

to°Fthe surdoar-controi bnit- 3. {{NHTHNIIAA.  con SGPeeyiem © °°

according to claim1, wherein 25 t*hecoutdobr Toritrol unit is configured to’
vary the capacity of the conpressor in response to the total required
cool i ng capacity obtai ned by adding together each of the required

i ndi vi dual cooling capacity transmtted i9omthe WO0. 1194956 I{1~1~"1~I1 11
" ~I 1= PCTI KRQ1100020, |, ~~~~~~ I |, L M .19 - respective ones of
sai d plural i BEPEFUYSQD8S OEﬁﬂgmraWiqféndOOJ.coﬁﬁPl YHS.condi ti oner control

* system according to claim1, wherein each of said plurality of indoor
units has a tenperature sensor configured to. 5 sense the indoor air -

the basis of the ¢ i?ﬁ%%ﬁéo%vﬂﬁqé%ﬁ%n&%@%@bﬁ%ﬁlﬁ' ' C?c?'gkﬁﬁr&aﬁﬁ%%%d"-Q
e. b The. aif. | 1) |

Gl i m 1. whoPaph of sakLalurEiny of in8GoF ik hes # Rerti ReBShEETaURR o ur o

oo o608 B 5 pkAge. i SRS 46 bl "

"ndoor uni t s coplith FARAGH ¥ tﬁ?#%%eﬁﬁﬁ%eét%\%éﬁé’?”ﬁﬁ@@agﬁ e ook 2

6. T [ iti

Syar om accor ITROIE 0 SRR Bontbfratd®. ", cqui red i ndi vi dual cooling

capacity is a value obtained by nultiplying a capacity code by a

conpensation coefficient that is set on the basis of the difference

between the detect gd pradRpoh&RBREAEM ol HdtdrA Sad¥ordifig to claim 1, wherein
; 10 each of said plurality indoor units has a temperature sensor configured to
sense the indoor air temperature, and calculates the required individual
codling capacity on the basis of at least one of an available cooling capacity
of the respective one of said plurality of indoor units itself and the difference

between the detected indoor air temperature and a preset temperature:

15 |

6. The air conditioner control system according to claim 5, wherein
the required individual cooling capacity is a value obtained by multiplying a
capacity code by a compensation coefficient that is set on the basis of the
diﬁerence between the detected indoor temperature' and the preset
20 temperature, said capacity 6ode being a number multiple of said available

. cooling capacity of the respective one of said plurality of indoor units.
7. The air conditioner control system according to claim 6, wherein
the compensation coefficient becomes a lower value when the indoor

25 temperature increases than when the indoor temperature decreases.

8. The air conditioner control system according to claim 1, wherein



20 -tenperature, said capacity code being a nunber nultiple of said

avai l.abl ing capacity of -t ' of said bdogo Of

i ndoor ugﬁ g@é# The air conditi gﬂuﬂﬂﬂmm”mlﬂuﬂem accor‘(;ié’h’;m?g (23|yai m 6,
wherein the conpensation coeffici‘enf becohes® a*l ower val ue when the indoor -
25 tenperature increases than when the indoor tenperature decreases. 8. The
air conditioner control systemaccording to claim1l1, wherein WO 01/94856
L"="1 e e " e rrt e e 1t PCT/ KR03400020 ¢ L ns 20 the capacity
of the conpressor is either one of 100% capacity or 0% capacity. 9. The

ai r conditi other capatitylofsthet eompressodi isgeitiverc loaenofl, 10096 eapacity 0th&@%
plurality of indoor units. are arranged in parallel with respect to each
other. 10. @G#paciyt conditioner control system according to claim 1,
wherein the outdoor unit further includes an accunul ator. provided to a

| ow- pressure conduit up streamto the conpressor, and a receiver provided
to a high- 10 pressure conduit down streamto the condenser. 11. The air
condi ti oner cont r of. Thetairncanditionpmeontol System accovdiag dorclaimhd, whemibr uni t

~further includes a vent bypass conduit connecting said receiver to the

| ow pr eSsur etheoplinality iofii upiigrars aganged i pataliat with respect ta eaghpthesy pass
conduit having thereon a vent valve. 12. The air conditioner control system
according to claim11l-, wherein a portion of the. |ow pressure conduit

wi thin the accunul ator takes a fornms of a U shape, and the high-pressure

conduit that cones 18utrhgraik eenditienan.cantreh systenp acerdingtaelgim dlhwherein

accunmul ator i s disposed _so as to pass through the interior of the U shaped

portion of tMe putdqaruiifusthepingiides an aceydulator BB?VGF?QJ tharlowdiessiresy st em

according to claim 10, wherei t he outdoor Unit fuyther i,nclydes, a hot gas
bypass anduicpn k6 R srggm ]:gsﬂle compressor, ang a receiver prowged %3 high- J

10 pressure conduit down stream to the condenser.

11. The air conditioner control system according to claim 10, wherein
- the outdoor unit further includes a vent bypass conduit connecting said
- receiver to the low-pressure conduit in upstream of said accumulator, said

15 " vent bypass conduit having thereon a vent valve.

12. The air conditioner control system according to claim 11, wherein

a portion of the low-pressure conduit within the accumulator takes a forms of

a U-shape, and the high-pressure conduit that comes out of the receiver and

20 passes through the accumulator is disposed so as to pass through the

- interior of the 'U-shaped portion of the low pressure conduit.

13. The air conditioner control system according to claim 10, wherein

the outdoor unit further includes a hot gas bypass conduit connecting the

25 portion of the high pressure conduit between the compressor and the
condenser to the accumulator, and said hot gas bypass conduit having

thereon a hot gas valve.



25 pcirti:on of the high pressure_conduit between the conpressor and the

condenseryh@rbhiass accunul ator, and said ass conggirikiy)6bi20
theréon a hot gas val ve. WD 01/ 94?@&“1'"”“!&@[“& LT T T i
PCT/ KRO1/ 00020 CL M S 21 { 14. L S er control system
according to claim 10, wherein the outdoor unit further includes a liquid
bypass conduit connected to downstream of the receiver and to upstream of
the accumulator, and a liquid 5 valve prgvided halfway along the Iiquid
bypass conduit. 15. An air conditioner control systemconprising: a
conpressor having two states, each state corresponding to an operating
rcapacity different fromthat of the other state, and configured to 10
oper at e .sel ect i vel y14i The aér conditioner aontsobsystemisiccorginguo claim 18, wiheseipl i ed

t hereto; a condenser connected to the conpressor; one or nore evaporators
" connect ed t o théxeoutdopr amitofurthed incliidesoad dquidr bypass toonduit acennedtedhstor f or
sensing an indoor tenperature of a room being air conditioned; and a
control unit dowrstiganeaf the reaeiver and to upstieameef the@acHmulates @ndya dquid: he
basis of the difference between said i ndoor tenperature sensed by the

t enper af ur e Yalhveoproyided:halinayalong the liquid hypass canguibset “t enper at ure bei ng
20 a desired indoor tenperature for the room and to produce a duty cycle
control signal based on the cal cul ated required cooling capacity to control
the conpressor to operate in gne of said two states., 16. The air

condi tioner cont r ol 1% Aaxaircenditipnarcontrsl sysiem aompligiagei n
a compressor having two states, each state corresponding to an
- operating capacity different from that of the other state,- and configured to
10 . operate selectively in one of the two states while power is being applied
thereto;
a condenser connected to the compressor;
one or more evaporators connected to the compressor-and the
condenser; |
15 . a temperature sensor for sensing an indoor temperature of a room
being air conditioned; and |
a control unit configured to calculate a required cooling capacity on
the basis of the difference between said indoor temperature sensed by the.
temperature sensor and a preset temperature, said presét temperature being
20 a desired indoor temperature for the room, and to produce a duty cycle
control éignal based on the calculated required cooling capacity to control

the compressor to operate in one of said two states.

18. The air conditioner control system according to claim 15, wherein
25 the capacities of the compressor in the two states are 100% and 0%,

respectively.



.25 .t he gapacities of t he conpresSsor in the two states are 100% and 0%
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17. The air conditioner-control-s o claim15, wherein the
control unit calculates a required*co®olitng®capackty in consideration of an
~avai |l abl’e cooling capacity of the one or nore evaporators itself. 5 18. The
air conditioner control systemaccording to claim 15, wherein the one or
nore evaporators are arranged in parallelpwith respect to each other. 19.
An air conditioner control system conprising a conpressor 10 having

vari abl e capacity #AdTlecaingonditionet centrd\sysiens according tocclainad 5pwheraind a
control unit configured to control variable capacity of the conpressor,

sai d cont r ol thencentpelawmilctaiculatasua yeqyised:coaling capacity riniconsidenation af aonct i on
of required cooling capacities transmtted fromone or nore indoor unit to
control the wugilable soclinteanacityiofthe obeopmere@vapemtos itselfe air condi ti oner
control system according to claim 19, wherein the duty cycle control

signal prescribes a loading tinme for discharging a refrigerant fromthe
conpressor and an unloading time for not discharging the refrigerant from
the conpressor. 20181Thepis canditiopeacenisalsystam acee toeinin 48 whegeino
claim 20, wherein the vallable capacity of the conpressor is 100% duri ng
the | oadi ng theONeHIMOrS, pvagpratprs avnpranaed in paraiisl with,respest ioegg8i ng
time. 25 22. met hod of controlling an air conditioner having an outdoor
unit with a f'se-wi dt h nodul ated conpressor, and a plurality of indoor
units

19. An air conditioner control system comprising a compressor
10 having variable capacity and being controlied by pulse-width modulation;
‘and a control unit configured to control variable capacity of the compressor,
said control unit producing a duty cycle control sighal which is a function of
required cooling capacities transmitted from one or more indoor ynit to
control the variable capacity of the compressor.
15
~ 20. The air conditioner control system according to claim 19, wherein
- the duty cycle control signal prescribes a loading time for 'dis_charging a
refrigerant from the compressor and an unioading time for not discharging.
the refrigerant fro:h the compressor.
20
~ 21, The air conditioner control system according to claim 20';' wherein
the valiable capacity of the compressor is 100% during the loading time, and

that of the compressor is 0% during the unloading time.

25 22. A method of controlling an air conditioner having an outdoor unit
with a pulse-width modulated compressor, and a plurality of indoor units

each having an evaporator, comprising :



each havi'ng an evaporator, conprising : \WD 01/94856 | 1111111 1111
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capacities of the respective on l,' Hﬂ m "H Hll lity of i ndoor units, under
the control of the respective o al ity of indoor unites;
transmtting the cal culated required coollng capaC|t|es to the outdoor s

unit; adding the cooling capacities transmtted fromthe respective i-ndoor
units together under the control of the @tdoor unit to produce a tot al

d I d, d t I trol whi ch
[ 7a functi on of saRGOIaYeAESd Ganind chrastias o e saspagivepnss. hesid || ng
*th t t dut |
Signal 23, " Akl ﬂﬁw%pesmtﬁs‘”r&%ﬁ AR Feiol of e URBHERNE oBP oS ol ai m

is 22, wherein t calculatlng the required cooling capaC|t|es
*conprises ngﬂr%‘ﬁr‘@g UI red cooling capacity of each of said

plurality of indoog I d.a e si . 1 al i
capacity of the re ﬁ@égéﬁ%%a@vag% Eecﬂf'&iﬁqcf@s gﬁt}?sf}ﬁ(}ﬁg '-%‘ﬂ(%{r
itself. _20 Zﬂl t‘_l'he met hod of controlling an air conditioner according to
claim 52 ein the required cooling capaC| ty of each of said plurality

O ndoor U S Sl bR b i B R o £
between. an aqididl 1odeMtO UnkEMRE Adtitf! AR BUERIr LAPMR Blddike & total
required cooling capacity; and

“producing a duty cycle control signal which is a function of said total
10 required cooling capacity; and
controlling the capacity of the compressor in response to the duty

cycle control signal.

23. The method of controlling an air conditioner according to claim

15 22, wherein the step of calculating the required cooling capacities. comprises
calculating the required cooling capacity of each of said plurality of indoor

- upits is calculated on the basis of the cooling capacity of the respective one

. of said plurality of each indoor unit itself.

20 24. The method of controlling an air conditioner according to claim
. 22, wherein the required cooling capacity of each of said plurality of indoor
. units is calculated on the basis of the cdoling capacity of the respective one
of said plurality of indoor units itself and the difference between an actual
indoor temperature and a preset temperature.
25 . |
25. The method of controlling an air conditioner according to claim

24, wherein the required cooling capacity of each of said plurality of indoor



.25.. The:method of controlling an_air conditioner according to claim 24,
wher ei n a8 of/6485¢ ' €d cool i ng capacity of each of said pl upghlikroi@bozendoor
VSO 01/94856 11TUhi (11T 111 11 M[ﬁmﬂ“ I“ﬂﬂﬁ[ﬂ 1/00020 L MS 24
tnits is a value obtained by nulti pHysK X iyl code by a conpensation
coefficient that is :set on the basis of the difference between the actual
tenperature and the preset tenperature, said capacity code bei ng.a nunber

mul tiple of. and an avail able cooling capamity of respective one of said 5
plurality of indoor units. 26. The nethod of controllj ngvan air conditioner .

accor di ng t o WWgiisna yajue\ghiaiaed hynmultipiyieg 2:63RACIYRAde By @ comaepsation,

| ower val ueiwhen, the _indoor tenperature incre s than when the indopr

t enper at ur el d@@%@&%‘gst.hat 118 38t OWHBerﬂQ%(Pfoé‘ec Bnce %“Hﬁeﬁitgec%? i oner
according to ,claim, 22, erein the cal cul ated required cool.ing capacity of
each of "aai d BMPEERTE andthe RrRsst leMPeEtire: SRLHCARAGY FOdRIRIG SOMDRSE ! i on
circuit unit of the _respective,qne of said pluyrality of .indoor upits,to a
Communi cat | o UHPIE, of &N an aaiible eoaifg sEaRacly of respedtiys GBenSh said
controlling ar] ai.hl cto.nai ti orlgq:3 according to claim 22, wherein the duty
cycl e cdnt r ol PURRYHLPT IBAQRLYRMIRs 2 | oading time for discharging a

refrigerant fromthe conpressor and an unloading tine for not 20
di scharging the refrigerant fromof the conpressor. 29. The nethod of

of the compr essor 145 10MARIRPAST RETPRAg; st i hcifces SFarie s
control i ng. AL WPTER e SEmbErRaer odERnt bggpmes'a ToWet Ve When the

indoor température increases than when the indoor temperature decreases. .

10
27. The method of controlling an air conditioner according to claim
22, wherein the calculated required cooling capacity of each of said plurality
of indoor units is transmitted from a communication circuit unit of the
resbective one of said plurality of indoor units to a communication circbit unit

15 of the outdoor unit.

28. The method of controlling an air conditioner according fo claim
22, wherein the duty cycle control signal prescribes a loading time for
discharging a refrigerant from the compressor and an unloading time for not

20 discharging the refrigerant from of the compressor.

29. The method of controlling an air conditioner according to claim
28, wherein the capacity of the compressor is 100% during the loading time,
“and that of the compressor is 0% during the unloading time.
25 |
30. The method of controlling an air conditioner having an outdoor

unit with a pulse-width modulated compressor, and an evaporator installed in



uni t Wi t:h a pul se-w dth nodul at ed (‘nrmr esSSsor-, and an evaporator installed
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s 25 a roombeing air cond g sensi ng an i ndoor

tenperature of the room for | flndlng a difference between
t he sensed i ndoor tenperature and a preset tenperature, said preset
tenperature being a desired indoor s tenperature for the room calculating
a required cooling capacity on the basis2ef the difference; producing a
duty cycle control signal as_a function of the calculated required cooling

capaci ty; anare@m@ngiaﬁrm&oegga@qmwwgt he conpressor |n response to the

duty 10 cycle control 1. The net of controll an air
condi ti oner accor dFﬁ@s‘E‘S I‘ﬁq’?ﬁr smPefpirePht ?\en"¢9°§'i Wf Wi ng the
required cooling c cit ris cal ulatln U|red cool in
*capacity of the rogﬁg'ing %W%"E@%P E?t"!%erfrﬁ'l’ .S&P;? t% 9*“6%@@%% ue by

t ff t that. t f t dif.f
bet veen the- Bgeaeiﬁtevhﬁé%?uaeen%aé@afoaéietaﬁwpﬁ@%m Spé’t BmSeiet SR, g
capaci t cod%‘p‘ P&%PFE)% nmul tiple of an available capacity of the

evapor at or Bt controlli ng an air conditioner according
when the i ndoor t CaisRIG £ ARRER ooBRe RAREERC AR the BRRRTR o At <
decreases. - producing a duty cycle control signal as a function of the calculated
required cooling capac1ty, and |
controlling the capacity of the compressor in response to the duty

10  cycle control signal.

31. The method of controlling an air conditioner according to claim

30, whereih the step of calculating the required cooling capacity comprises
calculating the required cooling capacity of the room is obtainéd by.

15 multiplying a capacity code value by a compensation coefficient that is set on
the basis of tﬁe difference between the sensed indoor temperature and the

preset 'temperature, said capacity code being a number multiple of an

available capacity of the evaporator.

20 32 The method of cont'rolli'ng an air conditioner acbording to claim
31, wherein the compensation coefficient becomes lower value when the

indoor temperature increases than when the indoor temperature decreases.



