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CONTROLLI NG SUCH Technical Field The present invention relates, in general,
to air conditioners and a method of controlling such air conditioners and,
nore parti Bigl 306444 t 0 an air 5 conditioner with, a vari aslwKREpeast Y
conpressor and a fixed capacity conpressor, and a nethod of controlling
‘the operation of such an air conditioner by operating the fixed capacity
conpressor in consideration of the operational condition of the variable
capacity conpressor. Background Art 10 In accordance with the recent trend
of up-scale of buildings, consuner's requirenments for multi-air
conditioners with several indoor units commonly connected to one outdoor
unit have increasaiR CONBITIONER AND METHOD OFrGONTRIOLUINGUSWEH cool i ng
capacities of the indoor units are different fromeach other and the
i ndoor units are independently operated, and so 15 the total cooling

capacity of tRgcRhicaFPietdtioner, which is calculated by the sumcooling
capacities of _I‘%F_l naoor units, is also variable. It is thus necessary to

control the capacity of a conpressor and control the opening ratio of the

el ectric expansion ﬁ?%g%sehﬁmg.l.ﬂo%dre?&tem@ URSal, 48 Bi0korffionB1ARAY &t or used

as a heat exchanger of"eac oor accor dance a_variation
in the total aethddof conprdingysush aiheonditionersnatid, inoere martioulaslyd & an @ir

acconplish the variable. coolin a i t | oners,
vari abl e 5capa€?'?‘$ NETpPER 3 & %P@’n%é?‘i"ib%ms%%g?%bg ﬁ%e@n%rggssqyng
capacity haVecé}ﬁFfbs%ﬁdanuSlaCheth bl conroling ithy onmtivnesﬁmushaamairypl cally
classified into types: variable rpm 25 conpressors andid%gql se dth

modul at i on con@diiensr Py operatingie-fied qaﬁﬁF'% PESEY: In qans 9 rpms are
control | ed i ngACCOrdAREe cuhdifiorPoMAE VEHANE cdfadsy oBré@idf, VIO 03/ 046444

Backqground Art

10 - In accordance with the recent trend of up-scale of buildings,
consumer’s requirements for multi-air bonditioners with several indoor units
commonly connected to one outdoor unit have increased. In a multi-air
conditioner, the required cooling capacities of the indoor units are different
from each other and the indoor units are independently operated, and so

15 the total cooling capacity of the air conditioner, which is calculated by the
sum cooling capacities of the indoor units, is also variab!é. It is thus
‘necessary to contro! the capacity of a compressor and control the opening
ratio of the electric expansion valve, installed at the upstream of an
evaporator used as a heat exchanger of each indoor unit, in accordance

20 with a variation in thé total cooling capacity of the air conditioner. |

In order to accomplish the variable cooling capacity of such muiti-
air conditioners, variable capacity compressors with variable refrigerant
compressing capacity have been used. Such variable capacity
compressors are typically classified into two types: variable rpm

25 compressors and pulse width modulation compressors.  In a variable rpm

. compressor.-t'he motor's rpms are controfled in accordance with a variation




'PCT/ KR02/ 00245 2 in the sum of the required cooling capacities of 7ipg®e0s
units by changing, through an inverter control, the frequency of the
current applied to the conpressor. The capacity of the variable rpm

conpr essor weslelbhds controlled and acconplishes the varighlesfhanling
capacity in a multi-air 5 conditioner. In a pulse w dth nodulation

conpressor, the capacity of the conpressor is controlled in response to a
duty control signal which determ nes the |oading tine when the conpressor
di scharges conpressed refrigerant and the unloading time when the
conpressor ceases to discharge conpressed refrigerant. The pul se wi dth
modul ati on 1-0 -conpressor thus acconplishes the variable cooling capacity

f lti-air diti . o 1 | h
corpr essor st yhtE ey 4138 rendE g Batfes B bobLUAR bY Rand6D, g
the operati on tRbughcin mvertet icontrol, thediquentenf theheusant applicdeto dwui r ed
cooling capacities of the_ i ndoor Ich are commonl y. cggnect ed to

one out door uFPHIPIGREPT-ox JdEd CFH%CE&QIQEZ@F{ §ar(5q I B, HAMLESY o Jia ADYS,

conpr essor i n%bﬁ{rbféb aRd tdtRoRiplishe®Ofl Vamite .codhfy ehpadity int al mumesessary to
install an additional variable capacity conpressor in the air conditioner.
However, Such conditiangte Bhpd&'&eywlfﬁgﬂﬂ%iﬂipﬁ‘ campressasnteearasiy obdheifficul t

to install in Ll NieCONAdL i aner s, d i ] f i Q;Wﬁpity
conpressors mﬁ?ﬁ#tr%%s\% Pi Xe Hr"g?rﬁgz??%tnggg%p??egg?ngbﬁggacpﬁy. Ther ef or e,
in the prior aketermhudsithe lomdingilime whemthet gorapressasslispharges compressed capaci ty

conpressor are jnstalled ipn a | ti -aj.r .C L.t Laner e allely

connected to &gKigeEn g ﬁ“%rﬂ&fga‘%%g ng@'F %ghdgﬁaﬁagﬁg%st%ece%%gvyri abl e

cool i ng capacigigchargd Edpiedsedr refigémnt.l n (e qnéseat wddthofmedutatidri - ai r

conditioner with two such types of ?onBre ors,. the coq\léi E% oBrrration of

the i ndo¥ unicoBPressee thus ag@mRlishes the "Hl‘ﬁi@e goRiing 5apagity of R Rufti:g)r

conpr essor V\hecB Eﬁlﬁn%r”m of the required cooling capacities of the indoor
[ h

units varies w he al | owabl e capacity 30 range of the variable
capacity conpressor Howheer, thecvariable canaely of sueh gegpressors typically used

in multi-air conditioners is limited. During the operation of such a multi-air
conditioner, the sum of the required cooling capacities of the indoor units,
15 which are commonly connected fo one outdoor unit, may exceed the
cabacity of one variable capacity compressor installed in the air
_ conditioner. Therefore, it is necessary to instali an additional variable
capacity compressor in the air conditioner.

However, such variable capacity compressors are expensive and
20 difficult to install in multi-air conditioners in comparison with fixed capacity
compressors which have fixed refrigerant compressing capacity.
Therefore, in the prior art, both a variable capacity compressor and a fixed
capacity compressor are installed in a multi-air conditioner and- are
parallely connected to each other in order to meet the demands of the

25 variable cooling capacities of the indoor units.
| In the operation of a multi-air conditioner with two such types of
compressors, the cooling operation of the indoor units is performed by
using only the variable capacity compressor when the sum of the required
cooling capacities of the indoor units varies within the all_owable capacity
30 range of the variable capacity compressor. When the sum of the required
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i ndoor units exceeds the capacity of the variable capacity conpressor, the
fixed capacity conpressor is operated at the sane tinme to neet the

required c%loggﬂguaapaci ties of the indoor units. Howeverpcriki@ygriventional
mul ti-air conditioner with both 5 conpressors is designed such that the

fixed capacity conpressor is started regardless of the operational
condition of the variable capacity conpressor, and so an excessive
starting current may be induced in the fixed capacity conpressor. Such a
starting current prevents the snmooth start of the fixed capacity
conpressor, and reduces the starting per3f ormance of said 10 conpressor.
Furt her nore, . [ ' d [ ; ; fixed
capac ty. comprRditGy EREEES SRS Wddd: BHAY BRlect TRl cAPaci NS NANB0R | Lbt1 i 1y
of the air cooapaditynesmp@ssar, dbefixedfcapheity wempressor As capegatad| at, thehe

present invention has, been de keeping in. m t pr obl ens
occurring in BRSNS @P?Etﬁgﬁﬁqlﬂrﬁ%ocﬂog'& c%ﬁacf{%g %?@s@'ﬁfﬁib%@ht ionis to
provide an air condibwevii! e hcénventibmdll emgitiici tonditkanger ewthor bathd a i xed
capacity conpressor, and a nethod of cci{%;[ol | i ng . the g@grat.i op of such an
air condi% i onepmpiEsspes igdesigned sueh thal thefixed; qapacity,cpaiessor it started

consi derati On'ﬁ%iarfﬂ@?s Qpﬁéaéﬁe%ﬁinapmmoh% tid vaRHbI sapadity Soriprésseaci ty
I shing t f

conpressor, t acconp hing the snooth start of the fixed capacity
conpressor. | andrsdean excessivergtarting curentapay bedndugead intthe fixed sapacitynvent i on

provides an air _conditi , ristngs ' ' HSeyor with
fixed refri geFAPES régs]'g{hn%gtgg@ c@k@ﬂt %@/’é‘b%% gﬁgggia%%‘g&f)?gnpr essor 25
operated i n achpasiyngonpeessbar add srddaces riher sfarting: rperformance rofasaidnl oadi ng

node for ceasing to discharge refrigerant, wth refrigerant ; sSsin
capaci t yl0of tlﬁﬁ%i?éﬁs&!r'nl e H&B%ﬁ‘?"ﬁ' égﬁp‘?’g’ﬁ%’%vr}?wq%lclgﬁeﬁgﬁsﬁﬁ%g{g{et%o 1’1 gut y
control si gnaaiaiyed tHE!iREE cipaciky tompieesot, idnd oassedna wetoetidhnig theme

operational reliability of the air conditioner.

Disclosure of the Invention

Accordingly, the present invention has been made keeping in mind

15 the above problems occurring in the prior art, and an object of the present

invention is to provide an air conditioner with a variable capacity

compressor and a fixed capacity compressor, and a method of controlling

the operation of such an air conditioner by operating the fixed capacity

compressor in consideration of the operational condition of the variable

20 capacity compressor, thus accomplishing the smooth start of the fixed
capacity compressor.

In order to accomplish the above object, the present invention
provides an air conditioner, comprising: a fixed capacity compressor with
fixed refrigerant compressing capacity; a variable capacity compressor

25 operated in a loading mode for discharging refrigerant and in an unioading
mode for ceasing to discharge refrigerant, with refrigerant compressing
capacity of the variable capacity compressor varying in response to a duty
control signal which determines a loading time and an unioading time




WO 03/ 046444 4 within a cycle; and-a control unit starting the frxedEs 2008
capacity conpressor and the variable capacity conpressor with a difference
in time so as to prevent a synchronous start of the fixed capacity

conpr essor wafgssbi@s vari abl e capacity conpressor. 5 |In tlEamQeesi r
conditioner, the control unit starts the fixed capacity conpressor after
starting the variable capacity conpressor. The control unit also starts the
fixed capacity conpressor such that the total current, which is the sum of
a starting current of the fixed capacity conpressor and an operating
current of the variable capacity conpresgor, 10 does not exceed a maxi mum
all owabl e current. The control unit also starts the fixed capacity

conpressor  dug g, éﬁgcle%cpé‘%ﬁt%lfﬂhﬁ%t&ﬁﬁ{g fHel fixad Caphdify oomprabssr angpaci ty
conpressor when It i required to start the fixed capamég conpressor. In

the case of t likee variaki®lcapaciysompyessonitisz differansa imime,s0 a$tapiEeNest ni ng a

| oadi ng node evep th Ll | &t 8drhorie8Sor’ B Ghe GBI Y
conpressor, tﬁe%’bﬁ&'ﬁcﬁﬂuﬁa{t ?foir%qlg*éf?%g gggts t?le f%ragi ng node of the
vari abl e capagiapicigosgmgessor, i nto an unl oadi ng node, and starts the fixed

capacity conpressor after .the node cqnversjon. . i lon al so
provi des @ nethod ofn &ofh3VE ﬂ'@.c%ﬁﬁﬁﬂnﬁn % 88&2‘& ﬁ'@ﬁ}ﬁgﬁ%ﬁﬁﬁgs'léﬁg of a
fixed capaci t)éag,Q B/ Erastesddriditef eastthgl the vagdsbia ohpaditpspmpsesseg. capacity, and
a variabl e capacCity conpressor being varied jn refrigerant co essi ng
capacity in respons&he confre| it alsshstans the txed capag&yqﬁqmeﬁaorasqc@h? g time
and an unl oading, Line Wit RifcRisine! Hihg duR@niBt thedixearapacias t he
steps of: sta#ﬁ?ﬁ%b{%éwygwlg%?gqégggg} gté\‘i;ﬁ%l%i'tgzhgnpressor; _determpni ﬁg whet her
it is requiredompressurantien operating awsenttof the wagahie capacity COMAETI to an

capact t YL G onprdies it pRoasd AR A PRAERAREN. T 21 % onabt i on of ¢ he
variabl e capacity cyRpiceatslunitiaso starts the feguiapadityt comprassontdwsingiated =
ggggg: w Conpruislc;sa%riﬁg %%dlenopte?aetio%bgy ﬁen\%ngg%’ catp%%it? %Sn%ppéssﬂ Whimg"i’st:he' fixed
required to start the fixed capacity compressor.
In the case of the variable capacity compressor constahtly
15 maintaining a loading mode even though it is required to start the fixed
capacity compressor, the control unit forcibly converts the loading mode of
the vari‘able capacity compressor into an unloading mode, and starts the
fixed capacity colmpressor after the mode conversion.
| The present invention also provides a method of controlling an air
20 conditioner consisting of a fixed capacity compressor with fixed refrigerant
compressing capacity, and a variable capacity compressor being varied in
refrigerant compressing capacity in response fo a duty control signal
determining a loading time and an unloading time within a cycle, wherein
the method comprises the steps of: starting the variable capacity '
25 compressor; determining whether it is required to start the fixed capacity
compressor in addition to an operation of the variable capacity compressor,
and starting the fixed capacity compressor in accordance with an
operational condition of the variable capacity compressor when it is
, required to start the fixed capacity compressor.
30 In the above method, the step of starting the fixed capacity




17 F E B 2006 WO 03/ 046444 PCT/ KR02/ 00245 conpressor conprises thej siFreEsis
of * determ ning whether the variable capacity conpressor is operating in
an unl oadi ng node; and starting the fixed capacity conpressor under the

condi ti on Jybabnidisy vari abl e capacity conpressor is opemrpatI®200248n
unl oadi ng node. 5 The step of starting the fixed capacity conpressor nay

conprise the step of. starting the fixed capacity conpressor after waiting
for a conversion in the operational node of the variable capacity
conpressor froma |oading node. into an unl oadi ng made when the variabl e
capacity conpressor is being operated igh the | oading node. 10 The step of
starting the fixed capacity conpressor nmay conprise the step of. starting

the fixed capaGhhisSOMREADASEs ahé aftefioti Betenaning Whetter the vprakiei onal
nmode of the variable capacity conpressor flrérﬁm lgr?ﬁicj r_lg E's?;d:? i[}éo an
unl oadi ng nodeapacin COMPreSKor 4% CRSEHRE I AR %Cﬁ'é% & and S3%ng 188s| v
operated in the | R [ ' Eivaditaas The
b @*edogﬁgiib‘{kg,%%assor%ﬁ? tikd cBRdIGOH MdtOReOfaribbR EFILY

above and oth ures and ot her advantages of the present
i nvention wi | torapregsseis opesating inadentoading medsm t he fol | owing  det ai | ed

description taken i conjunctian W 'nmqry' ical N Whi ch:
20 Fig. #is acirc %Sﬁba‘gr%@%m ﬁé&?%@ﬁ%@@r |'gerﬂgte§borﬂh§¥/mggpgﬁgfset he air
e g e R oD Coo. Lol g s ost
times and thecmﬁﬂndﬂqh%f%"-‘{fﬁ@&ﬁpwgc‘ﬁaﬁ"&e { ﬁ%n?%gﬁagcﬂb&% ressésaci)lr of this
invention; 25.EL0. 13,4 Gk dh AcHIrRAdE gviidretheovertabiec tapacityf t he
control systgﬁhg? !?%deﬁ%ﬁéaggndi tioner ar?(:ordi ng to this invention; Figs.
4a and 4b ar ecgmppEssosisdeingopaiated irthe: IPadingMode- excessive current in the

fixed capacity compessol hyeonghahé Hed cabhéty &mpreksorlmay tompRsa006
the step of: starting the fixed capacity compressor after forcibly converting
an operational mode of the variable capacity compressor from a Ioading
mode into an unloading mode when the variable capacity compressor is

continuously operated in the loading mode.

i5 Brief Description of the Drawings

The above and other objects, features and other advantages of the
present invention will be more clearly understood from the following
detailed description taken in conjunction with the accompanying drawings,
in which:

20 Fig. 1 is a circuit diagram showing the refrigeration cycle of the air
conditioner according to the primary embodiment of the present invention;

Fig. 2 is a view showing a relationship between the loading and -
unloading times and the amount of refrigerant discharged from the

compressor of this invention;

25 Fig. 3 is a block diagram showing the construction of the control

system of the air conditioner according to this invention;
Fig.s. 4a and 4b are graphs showing the induction of an excessive

current in the fixed capacity compressor by operation of the variable
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conpressor at the sane tine; Figs. 5a and 5b are graphs show ng the
~operation of the air conditioner, according to the present invention,

whi ch contwgleSnddagy fi xed capacity conpressor in consi degaidresrnhs t he
operational condition of the 5 variable capacity conpressor; and Fig. 6 is
a flowhart of the control nethod of the outdoor control wunit included in
the air conditioner according to the present invention. Best Mde for
Carrying Qut the Invention Reference now shoul d be made to the drawi ngs, in
whi ch the same 10 reference nunerals are used throughout the different
drawi ngs to designate the sanme or simlar conponents. Fig. 1 is a circuit
di agram show @ i sdin@ dinlg; oner
according to ?%’ cPﬁTrprré%%Fﬁ%odl nfg(}rt?ta o {“#em?%ﬂggﬁrmﬂ?ventlon 15 As
shown in the draW| ricjgs.t Ge and Sb- ater geaphsi ﬁh@‘ﬁ@l the pperatiom afntheoAir
conpri ses one out.door unit WP

out door unit ¥OR 41&‘?'??%?0%0@39%3 Pg @Jggé@ i'nWr(l:t;Hr% essob@mlé Sthl xeg capacity
conpressor 4, capktity comsress®rinSconsiderdtion obther eperational, condition ofgfaeal | el y
connected to each other. The variabl e capacity conpressor 2 is 20 a pul se
wi dt h modul atV@i’ﬂﬁQ!%ﬁﬁP%"é’%!GPmW\?ﬁs%q operated in a | oading nmode for

di scharging refri ge;f;gn‘s i8ROfGCcHAR eRghengoritrd endthed mmhejoembar gonigol
refrigerant. A PWMvVv controls the | oading and u l.oadi, na node
P

operation of uhnémnhxd@bﬂ&&:%ibﬁ@ﬂ@"@éﬁﬁ?@gg‘srm eﬁ"ﬁée'P iR ac ty
conpressor 4 is a general type conpressor, which is selectively operated

25 by being electrically turned on or off, and is rotated at a constant
rpm The i ndoBestMdde for Qacrvieae Guit the Invention ed to t he outdoor unit 1, and
each include an evaporator 10 and an el ectric expansion valve 12. In a
brief description, the nmulti-air conditioner has an arrangenent consisting
J 7 FEB 2006 Reference now should be made to the drawings, in which the same

10 reference numerals are used throughout the different drawings to
designate the same or similar components. '

' Fig. 1 is a circuit diagram showing the refrigeration cycle of the
multi-air conditioner according to the preferred embodiment of the present
invention.

15 As shown in the drawing, the multi-air conditioner of this invention
comprises one outdoor unit 1 and a plurality of indoor units 8. The
outdoor unit 1 includes a variable capacity compressor 2, a fixed capacity
compressor 4, and a condenser 5. The two compressors 2, 4 are
parallely connected to each other. The variable capacity compressor 2 is

20 a pulse width modulation compressor, which is operated in a loading mode

| for discharging refrigerant and an unloading mode for not discharging
refrigerant. A PWM valve 3 controls the loading and unloading mode
operation of the variable capacity compressor 2. The fixed capacity
compressor 4 is a general type compressor, which is selectively operated

25 by being electrically tumed on or off, and is rotated at a constant rpm.

The indoor units 9 are parallely connected to the outdoor unit 1,
and each include an evaporator 10 and an electric expansion valve 12. In
a brief description, the multi-air conditioner has an arrangement consisting
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units 9 to one outdoor unit 1. The capacities and types of the indoor
units 9 may be equal to or different fromeach other wi thout affecting the
f uncti oni nyoabddaiss i nvention. In the outdoor unit 1, threTeawe/edie capacity
conpressor. 2 and the 5 fixed capacity conpressor 4 are parallely connected
to each other between the high pressure outlet pipe 6 and the |ow pressure
inlet pipe 7. The high pressure outlet pipe 6 is a refrigerant outlet pipe
whi ch gui des discharged refrigerant fromthe conpressors 2, 4 to the
condenser 4. The low pressure inlet pipe 7 is a refrigerant inlet pipe

whi ch guides refrigerant fromto the evaporators 10 of the indoor units 9
to the two cogpfisgatafiel Zondctibn &Ss@btaMhdomrEir@ts Pto ohe oulvioalind tapaci ty

conpressor 2 alternately erfor th oad] node o tio t he PWM
val ve 3 turneﬁh%ﬁﬁp@@ﬂe&j‘f‘@‘gwaﬁﬁé’p@ Wﬁ%@r%{swm eh% ?%QEIHW?FBd
operation wt f.l *{acﬁwer\«ﬁi Héf&it §fféétrng@ﬁb ficlishifg astid Mvelitiahar ge

n

refrigerant. operation of such a conpressor 2, the Io ﬂl ng and
unl oadi ng ti me varilaghé mutwbcmﬁe‘l ttbe variahle wapagity epmBiesaN 2 2pFIEd to an
out door contr nit Ln Felte gool i ng
capaciti es of P’ferd; W&gwgﬁﬁp{s%.g&sﬁgmuelg gggr coﬁor é%u‘?]tlﬁtgm&\f@@e
described in gt@ph preisere dil.ﬂleeplpe 6Tand thiedol gressurd idel pipecgs The lﬂlb 2

d h f.d d.ref k
i agr am shoi E&Ds‘éﬂése%mtpﬁn?ﬁ oA T6riopiant B Hipe Sy Ghiods upcarget®

condi tioner aggn % LAY flofh tthé Scompreseard 12, AstoSﬂte\mondEdileg 4.3, Thendowut door
unit 1 includes an

out door control unit, 13 a% n qQ tdo I, co ‘?Ijncatlon
circuit unit ﬁ:ze,ssuwe inletpinechisirefigerantRIFLRIPE %‘a@\" H%?@Ets , the
PW/ val ve, 3, %‘H}?’ th eﬁ)&ﬁﬂé‘ﬁ r@rﬁts‘:@fmhéftﬁercoﬁprgd‘s@r@mhddm control

unit 13 3% co e varia Pam ty conpressor 2, the PWMval ve
3, the fixed capamAs'sbompnreEigoﬂ ﬂ]e vamb PRPACHYIPORPERRSOH 4 Q!’ﬁef'?,"-‘l}P unit 14

oo 14 et s hbde B, AN u89Erp i oo e
discharge refrigerant, and the unloadlng mode operation with the PWM
valve 3 turned on to cease to discharge refrigerant. In the operation of

15 such a compressor 2, the loading and unloading time varies in response to
a duty control signat applied to an outdoor control unit in accordance with
the sum of the required cooling capacities of the indoor units 9. The B
outdoor control unit will be described in detail later herein. The shadea' '
surface areas in Fig. 2 indicate the amounts of discharged refrigerant.

20 . Fig. 3 is a block diagram showing the construction of the control
system of the air conditioner according to this invention.

As shown in Fig. 3, the outdoor unit 1 includes an outdoor control
unit 13 and an outdoor communication circuit unit 14, in addition to the
variable capacity compressor 2, the PWM valve 3, and the fixed capacity

25 compressor 4. The outdoor control unit 13 is connected to the variable
capacity compressor 2, the PWM valve 3, the fixed capacity compressor 4,
and the communication circuit unit 14 so as to transceive signals with them.
The outdoor communication circuit unit 14 tranceives data signals with the
indoor units 9.

30 Each of the indoor units 9 includes an indoor fan 11, electric




30 Each of the indoor units 9 includes an indoor : fan 11, electr§q FEF 2BSE
B Zoos WO 03/ 045444 PCTI KRO2/ 00245 B expansion valve 12, indoor

comuni cation circuit unit 15, indoor control wunit 16, indoor tenperature
sensi ng unyb oddssemand a target tenperature setting unit pe®KrIB®@245ndoOr
control unit 16 is connected to the fan 11, electric expansion valve 12,

i ndoor comunication circuit unit 15, indoor 5 tenperature sensing unit 17,
and the target tenperature setting unit 18 so as to transceive signals
with them The indoor conmunication circuit unit 15 tranceives data
signals with the outdoor unit 1. The cogtrol unit 16 of each indoor unit 9
recei ves a present indoor tenperature sensed by the indoor tenperature

sensing unit g, MednayvAlaé a2t indbdr compRiniiation dicait ainitbys, indodracaitol
tenperature setting unit 18. Each of the ind{) r control units 16 stores the

desi gned cool unity 16apadnarytempesatuie; sensing unlnl Gsantiataget IRIRRSBWe ¢ and
may cal cul ate_r, i (ofe} | 18 b cbRREOREd YHithe ®n t1Ae basi s of
a tenperatureseéﬁﬁ]é'{ngﬁ‘lcéé g*erte\[/]vg‘gﬁafﬁgﬂﬁ%r@itent‘li r?doo_r t_enp.er%tyre and the
target tenpergbuotrie, expadsihevaiies t Zniadoarscaromlinisgtien gitewit ynibflSt indophdoor

unit. Alternatively, the i.ndoor .co I ' I required
cool i ng Sapactempesaiufe, &SRRy gm&d?t %J@Sst?%ééé’ﬁ B%%Wﬁ%gt@ga@t? ft of the
~indoor unit e%&*d’ﬁﬁﬂsﬁieYve besleivith themr eThaindogr cbmmunication ettcgibuhk ng

capacities calculated by the control uni% 16.qQf the indoor wunits 9, are
transmtted t 5 trapceivR@dR NS with BiRiqutde9r Ut Jugh the i ndoor 20 and

out door cpmmni cat i‘l‘Hé 'r{tl‘b!ljitlﬁit%iotf%aéﬁirﬂ%r ddit QUEEéivéQQEﬁrgém indoersi gnal s
fromthe i ndoor control units 16, the outdoor control gnl t 13 cal cul at es

the sum of t hiempeyaturesensed bythe indoontampeasatugs sensing Heibdf apd Aterast and

sum of e r LG Brase D52 Brad RERBERGE Seing it EIATI e B L od
cool i ng capacindb&scértrdl umits récstores dive designeu)eeomwtcmc@equrﬁ@ti@wgci ty of
e vl abl e SPACLiXeCOMSESH ehi gy CaPUbHL Rl 8 Bl Bhack FPer 2t o2
the indoor unit on the basis of a temperature difference between the
present indoor temperature and the target temperature, and the designed
15 cooling capacity of the indoor unit. Alternatively, the indoor control unit 16
may calculate the required cooling capacity on the basis of the designed
cooling capacity of the indoor unit exclusively. Signals, representing the
required cooling capacities calculated by the control units 16 of the indoor
units 9, are transmitted to the outdoor control unit 13 through the indoor
20 and outdoor communication circuit units 15 and 14.
Upon receiving the signals from the indoor control units 186, the
outdoor controi unit 13 calculates the sum of the required cooling
capacities of the indoor units 9, and controls the operation of the two
compressors 2, 4 in accordance with the sum of the required cooling
25 capacities. When the sum of the required cooling capacities of the indoor
| units 9 does not exceed the capacity of the variable capacity compressor 2,
the outdoor control unit 13 operates only the variable capacity compressor
2 while controlling the output of the compressor 2 by outputting duty control
signals to the compressor 2 in accordance with a variation in the sum of the

30 required cooling capacities. When the sum of the required cooling




2 while controlling the output of the conpressor 2 by outputting qutgyss 2008
control signals to the conpressor 2 in accordance with a variation in the
sum of the 30 required cooling capacities. Wen the sumof the required
cool i ng FERv@6WGsMD 03/ 046444 PCTI KRO2/ 00245 9 capaci t i meRkoeobmsi ndoor
units 9 exceeds the capacity of the variable capacity conpressor 2, the
outdoor control unit 13 initiates the fixed capacity conpressor 4 in
addition to the variable capacity conpressor 2. In such a case, the

out door control unit 13 also controls the output of the 5 variable capacity
conpressor 2 by outputting duty control §ignals to said conpressor 2 in
accordance with a variation in the sumof the required cooling capacities

of the indoor diphlifiedof BHE! MdodiGid & Uxbedls BRLIcAbaG 8F thévarisbitoor
control wunit , e unit 13 may fail to snoothly operate the fixed
capacity conproapscity goinprassor 2o ther edtdpgr seairelsupihdl & dnifiates sthe #xedegar di ess
of the operatiagnal. conditi f /Al | ; when t he
sum of the red’ﬂp?@y o "%‘%g& %’érbrgglﬁgl}fvgstbgﬁé t% ﬁggﬁ%%grgaﬁﬁ?%&%%ig%?éases to
require the opgrsath ancazt, tHecodtdoor cantynl esit dB8salsd contrals thh autpiut of een t he

fixed capacity conpressor 4 is forgibl tarte | L4 i state
where a |ar ge VgFiakle fapagi F%’PBFﬁ§§°§§5bye§F@P@néeﬁ\g%ﬂh#ﬂe&%ﬁ tép‘)?stgggure‘_si de
and the | ow pr s&0pi2dm écdriEndeOWRh &5 9ariatibn ianthexaums Tf tke sequitddng

~current is induced and the starting performance of said conpressor 4 is
reduced. Wen cooling tapagitieg shthe ipdediiitekor 4 is turned on to start at. a

time "ta" during a bg@ﬁé S,Qcma%n%?bﬁéﬂaﬁéh of tHehGutiGdr gl aras the 20

conpressor 2 where r erant 1s discharged fromsaid conpressor 2 as
shown i n Fi gs.unitalBinchy4ail to issaothlplopetate dar fixgd: capagity gpmpresss £l of t he

current 14 b Siregt gt sy ¢ FeBHges o TRe Sieiiiohaf bendilh 807 2 "0
exceed the mathgwariablk @aphtisy compressor Swhendhe suokof ther reguized wovling 25
current pr everga?)aéiggs gfriggtinhdo%tr %Htsl g%c%astegeio ‘%é’q’U?FeetﬁS %rp{elééi@tio:r'lec(i‘i ﬂ?ee ot"':h_e |
compressors 2 and 4. That is, when the fixed capacity compressor 4 is .
forcibly started at i.ts inactivated state where a large pressure difference
15 exists between the high pressure side and the low pressure side of the
compressor 4, an excessive starting current is induced and the start'ing'.'j .
performance of said compressor 4 is reduced. '
When the fixed capacity compressor 4 is turned on to start ata - -
time “a” during a loading mode operation of the variable capacity
20 compressor 2 where refrigerant is discharged from said compressor 2as
shown in Figs. 4a and 4b, the total current “ic”, which is the sum of the
starting current “ia” of the fixed capacity compressor 4 and the operating
current “ib" of the variable capacity compressor 2, quickly increases to
exceed the maximum allowable current. Such a quick increase in the
25 .current preﬁents the smooth starting of the compressor 4, reduces the
starting performance of the compressor 4, and causes damage to the

compressor 4.
In order to overcome such a problem, the outdoor control unit 13

starts the fixed capacity compressor 4 in consideration of the operational
30 condition of the variable capacity compressor 2 when it is required to start




starti ng performance of the conpressor 4, and causes damage to thg7 FEB 2008
conpressor 4. In order to overcone such a problem the outdoor control unit
13 starts the fixed capacity conpressor 4 in consideration of the

oper at i onalwo sddsqa@ndi tion of . the variable capacity conpEscRhogahen it is
required to start 17FEB2006 WD 03/ 046444 PCT/ KRO2/ 00245 10 the conpressor

4 due to an increase in the sumof the required cooling capacities of the,
i ndoor units 9. In the present invention, it is preferable to design the
outdoor control unit 13 such that it starts the fixed capacity conpressor
4 during an unl oadi ng node operation of %&e vari abl e capacity 5 conpressor
2, thus preventing an induction of excesSive starting current in the fixed

capaci ty Conpiwsééggapfemsﬁampﬁé &f BhNAcr8asdRPiHe 84A'df thb r‘éghi_@bd eedMgessor 4.

As shown in Fi en the fixed capacity conpressor IS required to

start at a ti eepadities ofithe ingdoar uoigiPnginitbe aressst inveations it is peeferablester i abl e
capacity conpressar,, 2, 0 r GO I, Lo Aart of the
conpressor 4 PSF’IQH %%e%’@&e?rmgérlrg@)?pugﬁi ﬁ% sg{;:h ;{ ﬁénte't Jﬁf’anr{sgttjlﬁlﬂge%ggg,é&@: he

" pr edet er ni nedofpréssdr dfduringeh urdoadimg triote apenatiomssf thy vatieble xapatitye

capacity conpressor 2 until the conpressor. 2 i.s _converted. fromthe | oading
node i nt® an GHF’B@RﬁSHbEn‘%‘Hé.pr§"eﬁﬁf'8|a"t'ﬂ(zuc§98¥] ioﬁﬁrﬁeséﬁ’ﬁa%?&vgfgﬁﬁpg%or 2 is
conpl etely copehiked capadity Edvapleeasi Aoarid gerformting tahemsodtioatirnof saide, the
fixed capacity conpressor 4 is started under the control of the outdoor

control unit tem@resgordime "tb". Wien it is required to start the fixed
capacity conpressor,4 in2Pigt & fike P HaBa&iRP 86bless8F AN RSSOr 2
As sPSER in tpwt %ﬁfhérh?n . g%%@p p

2
mai ntains its | oading node w capacity (1 as shown in Fig. 5b,
t he outdoor ceeduired tonstart1at setime réa’ adufingha leading ropde eperatiopdofcthgaci ty

COMDreSSar 4 {0ha0 oSHESS o irtasdr ¥ Bt BBl urd Pk tnegtat 10 For 2

conversiidh fr |
of the compressor 4 for a predetermined period of time.  In such a case,

the “predetermined period of time” is the time cbnsumed by the variable
capacity compressor 2 until the compressor 2 is converted from the loading
mode into an unloading mode.

15 After the variable capacity compressor 2 is completely converted
from the loading mode into the unloading mode, the fixed éapacity ‘
compressor 4 is started under the control of the outdoor controf unit 13 até
time “tb".

When it is required to start the fixed capacity compressor 4 even

20 though the variable capacity compressor 2 maintains its loading mode with
full capacity (100%) as shown in Fig. 5b, the outdoor control unit 13 may
retard the start of the fixed capacity compressor 4 for an excessively
lengthy period of time while waiting for a conversion from the loading mode
of the compressor 2 to an unloading mode. In such a case, the starting of '

25 the fixed capacity compressor 4 is not accomplished in a timely manner.
Therefore, the outdoor control unit 13 forcibly converts the loading mode of
the variable cap?city compressor 2 intd an unloading mode and maintains
the unloading mode for a predetermined period of time “B” as shown in Fig.
5b when the fixed capacity compressor 4 is required to start even though

30 the variable capacity compressor 2 maintains its loading mode operation




of the conpressor 2 to an unloading node. In such a case, the stafgifgp el
25 the fixed capacity conpressor 4 is not acconplished in a tinely manner.
Therefore, the outdoor control unit 13 forcibly converts the | oadi ng node
of the vawipablossagapaci ty conpressor 2 into an unl oadi ngcnd@2e624s mai nt ai ns
t he unl oadi ng node for a predeterm ned period of tinme "B" as shown in Fig.
5b when the fixed capacity conpressor 4 is required to start even though 30
the variable capacity conpressor 2 maintains its |oading node operation
17FEB2005 WO 03/ 046444 PCT/ KRO2/ 00245 11 with full capacity. The out door
control unit 13 starts the fixed capacit% conpressor 4 at atime "tc"
after such a node conversion. In such a %s the "predeterm ned period of

time B' is pre\f.tﬁrﬁmla/apaéi%} tiheVbiitabar eaﬁr&y@rhte19fstértg8tr®wema?aa{y si gnal
which controls the variable 5 capacity conpressor 2, in an effort to

qui ckly at t engompresser # @ e Aime i) ader sueh amgdeanversigiaci ty conpressor 2.
The "predeter mi ned @e{dcﬂda Qhsd 'tﬁ@ Oﬁgdé%ﬂﬂlr%ﬂ xﬁ%ﬁé:tgg@&%’ Bs?§ tdlerabl N 4o

consideration of th I'me” require ress
oper at e nor nakktoakitidn ohbeysie af the dlﬁly'Ebatromgmaj Iwhxqmmmtnomthefvanhbleout door

control unit of the air con |t|one cord to

descri bed bel WW'W&FW@?@H% N e ﬁ'q %quﬁb@%ﬂfseﬁ \‘h% ér@ﬁ%f’ﬂt
representing {Hgatie@dpacy corfpréddergapacities of the i ndoor units 9, the
outdoor control unit 13 suns up the required is coollg‘?@f%g?mtles and

determnes at step ﬂl@iﬁﬁﬁ@ﬁﬂ@ﬁeﬂt P‘?%Oq Shime Pt s alsp MeSetntoor units
9 ina cooll ”%oﬁaasratm%? thd ti® FARLIrES By HEkixed cePABRAEEmpRAsAdORY uni (s 9

in a cooling.n the operation e’alr conditioner is stopped at step
S102. Wien |toperaﬂenemnallly@dteathesat§p S101 that the indoor units 9 are 20

required 1o be oper aletamiof HRkIoR0 oFOIE: oL MBAPUIIRRT iR Olngtili 13

primari %P operates apacity conpressor
conditioner according to this invention is described below with reference to

Fig. 6.
Upon réceiving signals representing the required cooling capacities
of the indoor units 9, the outdoor control unit 13 sums up the required
15 cooling capacities, and determines at step §101 whether it is required to
operate the indoor units 9 in a cooling mode. When it is not required to
operate the indoor units 9 in a cooling mode, the operation of the air
conditioner is stopped at step S102.
When it is determined at step S$101 that the indoor units 9 are
20 required to be operated in a cooling mode, the outdbor control unit 13
primarily operates the variable capacity compressor 2 at step 103, and
contrals the variable capacity of said compressor 2 in response to a
variation in the sum of the required cooling capacities of the indoor units 9.
During such an operation of the variable capacity compressor 2, '
25 the outdoor control unit 13 determines at step S104 whether it is required
to start the fixed capacity compressor 4 due to an increase in the sum of
the required cooling capacities of the indoor units 9. When it is not
required to start the fixed capacity compressor 4, the procedure returns to
step S101 so as to operate the air conditioner with the refrigerant
30 compressing capacity of only the variable capacity compressor 2.




- controls the variable capacity of said conpressor 2 in response t § 7aFED 2006

variation in the sumof the required cooling capacities of the indoor units
9. During such an operation of the variable capacity conpressor 2, 25 the
out door cogfg@losssmd t 13 determ nes at step S104 whet her pdrazoedsired to
start the fixed capacity conpressor 4 due to an increase in the sumof the
required cooling capacities of the indoor units 9. Wien it is not required
to start the fixed capacity conpressor 4, the procedure returns to step
S101 so as to operate the air conditioner with the refrigerant 30
conpressing capacity of only the vari abl ﬁzcapaci ty conpressor 2. | | FEB
2006 WO 03/ 046444 PCT/ KR02/ 00245 12 Wen®it is determ ned, at step S104,
that it is required r | gt RR8 ut door
control unit 13 det ‘é\?@ﬁnﬁ{eg %ﬁé@\?g%ﬂ,@%&%ﬂmgﬁ,hﬂeﬁﬁﬁgf vari gglégtécrgﬁ’aegi ty
conpressor 2 ifixed wapadity nompiessny 4ntireoutdgurerentrol unt Hedelefmineg at BiapP t he

vari abl e capag] CONpr & 204 S 1N d I Ng : r%(ram door
control unit %fo%lw%%ﬁ?vﬁgygp %Elet%gg?i&go pﬂég.lbéa??ﬂ[sggggqn%foggg gaé.'t step
S106, and r et WiAgn tioist Heteirintd ahats thegeantdble ltapagityocwpressonNVRds intits s
determ ned, at step 5105, that the variabl e capacij.t C ressor. 2, i s not
inits urdoadiuNpadige mde. B gy Po'écﬁ?f'&Bll uﬂﬁiffldére&ﬂ) %@%ﬁﬁ?nﬁ’?dat step
S107 whet her tciﬁﬁaéﬁﬁr bHbrRsSeHRGt St6p 0P, ARE Pétuths ol thib dnifisl stage bbtid ng node
with full capacity.” Wien it is determ ned, at step S107, that the variable
capacity corrprpwt_seﬂura does not maintain its |oading node with full
capacity, the out dog\yheﬁogtig etéfn@'l&%edé?at[ﬂéb”mﬂ Qh&t e varidbe Q,lagaw ts for a

conversion of the operationa e variable 15 capacity corpressor 2
from t he | oadigagnprester i2hiso nahiruits cadvatingrowsle, ahei outdogr teontrak unit Xi&d

capacity conpressor. 4 en t i e h i | t
cogpresgb‘? r2rp i@%ﬂ}% %&tw&%dﬁ%gﬂ%&&ﬁ%&%&& %ﬁ{yi ?%En%ggg(r\z‘m %ed, at
step S107, thafaihfaths/is icHidigy aR@eckitty fullccanacits s When riisndetemsined,satl oadi ng

node with full ca aCItt¥1’ t he outdoor RPN
step $107, that the variable capacity compressor 2 does not maintain its

loading mode with full capacity, the outdoor control unit 13 returns to step
$105 and waits for a conversion of the operational mode of the variable

15 capacity compressor 2 from the loading mode into an unloading mode, and
starts the fixed capacity compressor 4 when the loading mode of the
variable capacity compressor 2 is converted into an unloading mode.

When it is determined, at step $107, that the variable capacity
compressor 2 maintains its loading mode with full capacity, the. outdoor

20 control unit 13 forcibly converts the operational mode of the variable
capacity compressor 2 from the loading mode into an unloading mode for a
predetermined period of time, and starts the fixed capacity compressor 4 at
step S108 prior to returning to the initial stage of the procedure.

Industrial Applicability

25 As described above, the present invention provides an air
conditioner with a variable capacity compressor and a fixed capacity
| compressor, and a method of controling the operation of such an air
conditioner.. When it is required to start the fixed capacity compressor due




20 control wunit 13 forcibly converts the operational node of the §qrFabl2e0s
capacity conpressor 2 fromthe |oading node into an unl oadi ng node for a
predeterm ned period of time, and starts the fixed capacity conpressor 4 at
step 5108 wohiogideh4r returning to the initial stage of thecyxxopehise.
industrial Applicability 25 As descri bed above, the present invention
provides an air conditioner with a variable capacity conpressor and a
fixed capacity conpressor, and a nmethod of controlling the operation of
such an air conditioner.. Wien it is required to start the fixed capacity
conpressor due 1 7 F E B 2006 WO 03/ 046444 PCT/ KR02100245 13 to an
increase in the sumof the required coolTng capacities of the indoor

units, the fixednGABRaES ¥n HRTBIMASH e réquiredr dodling ehpadtiddef haliggsbrng node
operation of the variable capacity conpressor where the pressure

di fference beundwrtheficed napacityseeraprerspr in started during thenenieadingamodecapaci ty
5 conpressor | N M. ge ¢ agj r ! noot hly
started wit hoﬁ?e@g%i r?g g’r? p%ﬁ%@%i g%p%t?@e%ge gé\é\%gps‘tﬁg%%i rsgéc%'lrérgi%% and

i mproves the djffererideobetiweenl thabiutliet gidefandhinlediside of\he vaninble capadiyugh t he

preferred enbodi nents _of the. present.inv Lon I d for

i | lustrative [FOFBERSST 's[rﬁwgg'zgﬂ'i Fm%ﬁ’f% geaﬂaéc; ?&aﬁﬁssgﬁgﬁ%‘pﬁéﬁg e that
various nodi f ggMedoRitho@td Gansir ainainductions bf extessive ataetingoserrérte andi t hout
departing fromthe scope %Q%)nsfgi ri the jnvention as disclosed in the

Of
acconpanyi ng #masoygs the ep [ﬁjla&!&ty(gfgﬁlﬁlr f?'_‘%l P condi ti oner, _
conprising: a fi XedAfﬂ?&%ﬁ'tM PEBRES Thiodithéts lof ¥Rdpreabhi iggsmioh Reapr essi ng
capacity; a variable capacity conpressor operated In a |oadi ng node for
di schar gi ng r been gdiselnsedfar i iHusirative| REBesRS: ntbase feillede isithg b Willschar ge
10 appreciate that various modifications, additions and substitutions are
possible, without departing from the scope and spirit of the invention as

disclosed in the accompanying claims.




refrigerant, with refrigerant conpressing capacity of the variabl § CTRpBEISY
conpressor varying in response to a duty control signal which determ nes a
| oading time and an unloading time within a cycle ; and a control unit
starting the fixed capacity conpressor and the variable capacity
conpressor wth a difference in tinme so as 140 prevent a synchronous start
of said fixed capacity conpressor and the varl abl e capacity conpressor; the
said control unit starting the fixed capacity conpressqr after starting

t he variabl e capacity conpressor; and th&lgimsd control unit starting the
fixed capacity conpressor such that a total current, which is the sumof a
starting current of the fixed capacity conpressor and an operating current
of the variable capacity conpressor, does not exceed a nmaxi mum al | owabl e
current 2. The air conditioner according to claim, wherein said control

unit starts the fi rethicapatiohat, @W%OI‘ during an unl oadi ng node
operation of the variable capacity c onpressor when it is required to start

the fixed capacit)? "@3rFﬁP%@E/cﬁomF!Bess?ﬁ‘é"thﬁ(edc@ff&ﬁa%ﬁ@mpr@é&m@ ding to claim
1, wherein igapdprycase of the variable capacity conpressor constantly

mai ntai ning a Ioad| ng node even though it is required to start the fixed
capacity conpressdt, vagighlg capaGity| cempiesseroopeistsd done eloadinghanddsadérng nmode

of the vari atﬂl@hﬁ@ﬂf@ﬂéfﬁg&@ﬁ@éﬁéﬁﬂrad WhRadiRg MB4OaG Bsasf@jig% éﬁ%a@ba”s the

fi xed capacit g nRressor after the node conversion 15 4. A
met hod of colEFgRRMhgWHER wfrigerit dFamrRIRasing ofepRait 9 1be varables capaciyaci t y

conpr essor Wdohpf'és)é&d vA§ingi iaerreaﬁénsfé%pé QR BONFARRRal Which GetBrYiAdd ?b' e

capaC| ty COTTEI’ essor bei nglpvarl ed in refri gerant conpressing capacity In

response to a°2fg ineand 8n uslogiag timevatva aryrle santbadi ng tine and an
unl oading tine wigt Béritrok uthCththg\hl‘@é eilkéd %B&d@t&%réﬁﬁprdnﬁeﬁﬁt@ﬁaﬁléeps of .

starting said varl abl e capacity conpressor; détermnin

required to SPBAG! yﬂ‘?@‘plr?%?é?ﬂ W@Q&a@ﬁ??”&%rﬁ%r"ﬁ?sﬁ?r as fo P@dﬁﬁtt # Gynghoonays
operation of stdteof\saidi il Sasaiy Gomyres@BARFAE Varigbicapacity compressor:

the said control unit starting the fixed capacity compressor after starting
the variable capacity compressor; and

the said control unit starting the fixed capacity compressor such that a
total current, which is the sum of a starting current of the fixed capacity
compressor and an operating current of the variable capacity compressor, does
not exceed a maximum allowable current

2. The air conditioner according to claim1, wherein said control unit starts
the fixed capacity compressor during an unloading mode operation of the
variable capacity compressor when it is required to start the fixed capacity
compressor.

_ 3. The air conditioner according to claim 1, wherein in the case of the
variable capacity compressor constantly maintaining a loading mode even
though it is required to start the fixed capacity compressor, said control unit
forcibly converts the loading mode of the variable capacity compressor into an
unloading mode, and starts the fixed capacity compressor after the mode
conversion.




starting the fixed capacity conpressor in accordance w th an oper §t7i BB&I20GE
condition of the variable capacity conpressor when it is required to start
the fixed capacity conpressor. 5. The nethod according to claim4, wherein
the step of starting the fixed capacity conpressor conprises the steps of:
determ ni ng whet her the variabl e capaciﬁy conpressor is operating in an

unl oadi ng node; and starting the fixed capacity conpressor under the
condition that the variable capacity conpressor is operating in an

unl oadi ng node. 6. ,The C l: oyclaimad  wherein the step of
starting the fixed capﬁﬁ%tpggcognc%ﬁ{e@ls' a‘éoar'n'(;r"ﬁg@é°’%eﬁe‘_’°§‘?‘é NG P! as‘?’?ﬁtl ng the
fi xed capaci toppacitymosyusesson it fixed rdfiigagaritaonpressing capanity, iand & Vaeiable

oper at i onal Of I ahl i1y ssor _from a | oadi ng node
into an unl oa ﬂ%%&rrgé@sﬁ%g# taq%ien%ygraﬁa I'Fé _E?E%T[’&'cgg'r%?%@gof’%a?ﬂ _e' ng
operat ed i n traspansadie agduty dentrd! sighiabdetetniioidg ac lbaditigrtgné an@laalum:oﬁdmg{wer ei P
the step of fi : MY ressor_conprises the step of:
starting t he%@'r?e)r(\}engﬂrggtﬁ @?T@@%ﬂﬁﬁ%@%@r&ﬁﬁ@ﬁg Soﬁ?i%?‘? Qrc{]gnvert ing an
operational node efartigesaic varidblecapapifcédnypressgey essor from a | oadi ng node

into an unloadin %Iﬁjﬂ P i n‘% C [ty C ressor is
conti nuously opergjgtgg ﬁlll ?ﬂ%ﬁh 'g'ztin r?&a]p ‘g%" SRR the tixed’C pacﬁy compressor
in addition to an operation of the variable capacity compressor; and
starting the fixed capacity compressor in accordance with an operational
condition of the variable capacity compressor when it is required to start the fixed

capacity compressor.

5. The method according to claim 4, wherein'the step of startirig_th_e o
fixed capacity compressor comprises the steps of: L s -

determining whether the variable capacity compressor is operatin'g in an
unloading mode; and

starting the fixed capacity compressor under the condition that the
variable capacity compressor is operating in an unloading mode.

6. The method according to claim 4, wherein the step of 'starting' the
fixed capacity compressor comprises the step of: '

starting the fixed capacity compressor éfter waiting for a conversion in
the operational mode of the variable capacity compressor from a loading mode
into an unloading mode when the variable capacity compressor is being
operated in the loading mode.

7. The method according to claim 4, wherein the step of starting the fixed |
capacity compressor comprises the step of:

starting the fixed capacity compressor after forcibly converting an
operational mode of the variable capacity compressor from a loading mode into
an unloading mode when the variable capacity compressor is continuously
operated in the loading mode.




