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i nvention relates generally to air conditioners, and 5 nore particularly
to a systemand nethod for controlling the degree of superheat of an air
condi tioner that enploys a pulse w dth nodul ated conpressor. Background
Art Wth the enlargenent of buildings, there is an increasing consuner 10
demand for a nulti-air conditioner in which a plurality of indoor units are
connected to a single outdoor unit. In such a rrultl-al r conditioner, the
requi red cooling 3 T ' iR o change of
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el ectroni c expansion valves positioned upstreamof an indoor side heat
exchangers or evaporators. In particular, in the case of a nmulti-air
condi ti oner, Isichowal fieldengt hs of the refrigerant conduits between its
indoor units and outdoor unit are different and therefore refrigerant
undergoes different flow resistances, the degrees of superheat of its

evaporators (the Z&H@grré‘seerﬂfm% ﬁ‘%‘at@é ng;éffét?e QBOélﬁtéﬁncftlérf?sexa‘nrd
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the entrance éB?&Pr%é%r 25 tenperatures of an evaporator is regarded as the
degree of superheat, and is used to control the degree of superheat. Wen
t he degree of superheat of refrigerant flow ng out of an SUBSTI TUTE SHEET
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Background Art

With the enlargement of buildings, there is an increasing consumer

10 demand for a multi-air conditioner in which a plurality of indoor units are

connected to a single outdoor unit. In such a multi-air conditioner, the

required cooling capacities of the indoor units vary according to change of

the environmental characteristics of locations where the indoor units are

installed. This requirement is fulfiled by adjusting the openings of

15 electronic expansion valves positioned upstream of an indoor side heat

exchangers or evaporators. In particular, in the case of a multi-air

conditioner, since the lengths of the refrigerant conduits between its indoor

units and outdoor unit are different and therefore refrigerant undergoes

different flow. resistances, the degrees of superheat of its evaporators (the

20 degree of superheat of each evaporator = the exit temperature of the

evaporator ~ the enirance temperature of the evaporator) are different. in

theory, the degree of superheat means the difference between the

temperature of superheated vapor and the temperature of saturated vapor.

Often, in practice, the difference between the entrance and exit

25 temperatures of an evaporator is regarded as the degree of superheat, and
is used to control the degree of superheat.

When the degree of superheat of refrigerant flowing out of an

SUBSTITUTE SHEET (RULE 26)



2 evaporator is high, superheat of a conpressor and decrease in efficiency
of the" CRRRsaRr are caused. Wien the degree of superheglcygr@Xpfis! Vel y
hi gh, a sa ty devi ce is operated and the entire operation o{ an alr
conditioning systemis stopped. On the other hand, when the degree of 5
superheat is excessively low, the possibility t hat liquid refrigerant
enters the conpressor becones high. As a result, it is necessary to
properly control the degrees of superheat of indoor side heat exchanges
(evaporators) so that the performances of the indoor units are maxim zed,

t he di ffer encevdysdratsis higH, lsaFeﬂféairdmrmﬁpm‘ssbhand ridergaseintefficiency efluced
and the efficiency and stability of the co(raaressor and entire systemare
i mproved. | n theecQprasser sriafawsid.i -\Whendba dlegrem of supstheat is exsnessialy speed

ra¥e of refri Do el dBESSs, dBeTatRl SRRt  HRELBPRI R oE e 8 on of
15 the COWDreéﬁl%ltlomﬁ%%yﬁtéw 8, stépﬁée t o ﬂ@bm%aﬁm wher thedpgrasd wres of
t he evaporators snoothly vary as shown in Fi is not diffrcult to

control 5the Superheat wremgsswhalowusthagaqsmbugy théirlarumbref@gw@eh entersdher ance
and exit tenperatures  det ecterizlJ hPuI se wi dth nodul ated conpressors are
di scl osed as SATPLRSS qr}l&g me§ e ari abl e capacity conpressors in e.g.

U'S. Pat. No. 6,047a354 adadit JaRa s Wﬂ%ﬁ gcorﬁ%ﬂh%aﬁbgl:bé@ ofHe'

8-334094. These conpressors are utl |ze inre erating syst&nms each
having a pl urahpelsheaﬂt of rindgomgid®nhaat rexchanges r vapoeatats)ngoc dhaartheent s,
and deS|gnedtpo I|edtQ short piping in which the | ength of a
refrigerant cBf ermaa 3,81 dbe JndoRs WS ate JPAsInZee: thend! e%@ﬁa@@ﬁ‘d@@'ﬁ i s

short. ”Seq'ﬂ?é‘:d Qﬁﬁ o?gﬂeﬁﬁaag @Qﬂgtreaﬁc an'aeﬂré Qrﬂi'iernc and

condi ti oni ng Sys necessari | ping and

are given comstaldnhtymfrthi@omt@sdﬂIa‘rfdeemné s‘ystzmﬂalmaﬂpifmdt he refrl gerating
systens. Further, in the prior art, there is not disclosed a control

system and et hod f & the.qqnz/engoaalpmt%agocwdjthamfmcﬁncm @d%@‘#ﬁﬂb%@ﬁdl n an
air conditiongyne R i rbihtioh"n@mBYt tp& dompressor is employed, the flow

rate of refrigerant does not vary largely over time during the operation of
15 the compressor. Accordingly, since the entrance and exit temperatures of
the evaporators smoothly vary as shown in Fig. 8, it is not difficult to control
- the degrees of superheat using the difference between the entrance and

exit temperatures detected.
Pulse width modulated compressors are disclosed as another type
20 of variable capacity compressors in e.g., U.S. Pat. No. 6,047,557 and
Japanese Unexamined Pat. Publication No. Hei 8-334094. These
compressors are utilized in refrigerating systems each having a plurality of
freezing compartments or refrigerating compartments, and designed to be
applied to short piping in which the length of a refrigerant conduit situated
25 between a compressor and an evaporator is short. Consequently, these
compressors cannot be applied to air conditioning systems for buildings
that necessarily employ long piping and are given control environments
differenf from those for the refrigerating systems. Further, in the prior art,
there is not disclosed a control system and method for utilizing a pulse
30 width modulated compressor in an air conditioner, particularly, in a multi-air

conditioner, and in particular a method for controlling the degree of



conditioner, and in particular a nethod for controlling the degree of WO
01/ 94855/ l/dlf§¥s! / 00018 3 superheat. \Wen a pul se w dt hciaeipbed
conpressor Is utilized in an air conditioner, the flow of refrigerant is
periodically started and stopped because of a |loading tinme, during which
refrigerant is discharged, and an 5 unloading tinme, during which
refrigerant is not discharged, are periodically repeated even while the
conpressor is operated. Accordingly, amair conditioner enploying a pulse
wi dt h. nodul at ed conpressor has the characteristic (a tenperature
fluctuation pinsevbeation) that the entrance and exit tenperatures of the
. evaporator are varjied up and down depending 10 on the presence and absence
of the flow of ref YWhes anpulspewidh ﬁnﬁdﬁﬁt%?rcomﬂfﬁﬁwfi inaitilizes) IBy@MAR pul se

cannot " be-pr SROPRENEL e fpuh 48, AREERL s, ARSI stindd MO ¢ (e
evapor at or debgstigsi ofl [@alingefimen HuAng swhibh fréfrg;e‘élﬂﬁﬁt f dikblargede aindoan 15

Accordingly, the present invention has been made keepi ng in mnd the above
probl en® occunidaging timehdusingovhight refrigetaahisotptedischargede ape pedadically
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to an aspect of the principles e present invention, a systemfor

control i ng tdomditiegpee emglioying e phisat winth amoduilatedocahpresser, themegdrsesfa
trolled . I i dt h ' '

T e ol o aiperheat of ah Svaforator canniot be properly GaICHIAd by fie entrance” 1Y

and exit temperatures of the evaporator detected at a given instance.

Disclosure of the Invention

15 Accordingly, the present invention has been made keeping in mind
the above problems occurring in the prior art, and an object of the present
invention is to provide a system and method for controlling the degree of
superheat of an air conditioner employing a pulse width modulated
compressor, in which the degrees of superheat of evaporators

20 corresponding to the actual degrees of superheat are calculated by
compensating for the fluctuation of the entrance and exit temperatures and

- electronic expansion valves are controlled on the basis of the calculated
degrees of superheat, thereby operating the entire air conditioning system
at an optimum state.

25 in order to accomplish the above object, according to an aspect of
the principles the present invention, a system for controlling the degree of
superheat of an air conditioner comprises a compressor controlled in a
pulse width modulation manner according to duty control signals; a

condenser, an electronic expansion valve and an evaporator, constituting a



condenser, an el ectroni c expansi on valve and an evaporator, constituting a
WO 01/ 94QRpoitfsddsKRO1/ 00018 4 refrigeration cycle, togethgdr/kirbhodag d
conpressor; neans for sensing properties for calculating the degree of
super heat of said evaporator; and a control unit for regulating opening of
said el ectroni c expansi on valve according to the cal cul ated degree of
superheat. 5 According to another aspect of the principles of the present

i nvention, a nethod for controlling thesdegree of superheat of an air
conditioner, said air conditioner including a conpressor controlled in a
pul se w dt h refrigéetioon cyalendogetheor withgsaid dompresson, omesingndrs seasing

el ectroni c expansj.on_val ve and gn evaporator, conprising the steps of: 10
detecting. enPropRItoafRl calfuiatiog. i Seatess Otauneihaak oh SRR APOrSRrcanS @ ng
degree of su :S.. O C t L
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val ve on t he gegsidingto tHeccalalilatdchtiegredeasfrsepedieatuper heat ; and regul ating

sai d el ectroni c expansign valve to a calcul ated target opening value. 15
Brief Description &Ccoringy ipniangthen @spect of, the apfingiplaso Wl nfe Hregget e of

acour dance wittRD o dBelBd i RffofthorkR Batbe °or pBladOfidrl, Moui ng

a pul se wi dt kopEiehatedaid?irCOsRIigSeY irﬁiludanboadémPfééﬂo?iﬁhtr@(@@ e 2b
is a sectional view showing the pulse w dth nodul ated conpressor at an
unl oadi ng posguisenrwidth gnoBulation maapker shesdrdinga to etiatyi @ostrop sigmalg, an

| oadi ng ti mecfﬁgc{ an unl oadi ng tyi me gnd t he anmpunt of dj sch%_r‘%e(% :
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Fig. 4{8 a ol { Gt f O o LaANLY LG gﬁﬁeeof
super he%? of taaériiégt’rgj %gﬁlrgﬁ%n?%r gg'rt\ t%?’cp?lf agﬁgée éI}.VI ?%Bt %\égé)érggggh{cg?ﬁur'\ve I on;
Fig. 5 is a fdepredaf sbpevhegt aonetihwdbhsis aintdetédtedg dnitmndegraawl oéxit
temperatures; calculating target opening value of said electronic expansion
valve on the basis of the calculated degree of superheat; and regulating

said electronic expansion valve to a calculated target opening value.

15 Brief Description of the Drawings

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

Fig. 2a is a sectional view showing a pulse width modulated

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

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

25 Fig. 4 is a block diagram showing the system for controlling the
degree of superheat of an air conditioner in accordance with the present
invention;

Fig. 5 is a flowchart showing a method for controlling the degree of

superheat of an air conditioner in accordance with the present invention;



superheat of an air conditioner in accordance with the present invention;
WO 01/ 948%b obb6g85KRO / 00018 5 Fig. 6 is a graph show ng vacraronsoisn t he
entrance and exit tenperatures of an evaporator when the duty cycle period
of the conpressor is different fromthe period for calculating the nmean
tenperatures of the evaporator in the air conditioner of the present 5

I nvention; Fig. 7 is a graph show ng variations in the entrance and exit
tenperatures of an evaporator when the duty cycle period of the conpressor
is sane as the period for calculating the nean tenperatures of the
evaporator in the &ig. Boitdia igsaRh erowing paa@'@ms iinviaet .e@reranéadand &xiy. 3
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-unit 15 26: pulse wdth nodul ated val ve 27: outdoor control "unit

out door conmiemperatures iofcilie ewvaporator imdber atrospnditioner tof doe maspot at or

entrance terrperature sensor 31: evaporator exit tenperature sensor Best
Mode for® Car rl) Yﬁ@t t the Invention 20 Hereinafter, enbodinents of the

present invention qu je%”é Effgghgsh&ﬁ 'vathPnéel efl’?é‘cé’r\ti‘a‘?\c?c‘éﬂﬁpéﬂi\(' ng

drawings. Fig. 1 1is I agra e cyc a system

control l'i ng tieenpbrgtuees obf meemrawr avheral thecodutyt icgoler perioaic asfr dla@ce
wi th an enbodi nent of the present invention., The alir conditioner 1

i ncl udes a cOPRSPRESERT IS Same @sdbReRerias! fos clawlating theomezn temparaliies of

Ca"ehon o ver e PR AR Sl cBheC TR AR BugbT e, o ot
circuit 300 the reffiggeg dota cgmg,w showéng afariatiensnin eesdaritranceoReCiexity t he

outfl ow side of the conpressor to the 1nflow side of the
temperatures of a conventional multi-air conditioner.

*Description of reference characters of principal parts

2: compressor 5: evaporator
8: outdoor unit 9: indoor unit
15 26: pulse width modulated valve 27: outdoor control unit

28: outdoor communication circuit unit  29: indoor control unit
30: evaporator entrance temperature sensor

31: evaporator exit temperature sensor

Best Mode for Carrying Out the Invention

20 Hereinafter, embodiments of the present invention are described in
detail with reference to accompanying drawings. Fig. 1 is a diagram
showing the cycle of a system for controlling the degree of superheat of an
air conditioner in accordance with an embodiment of the present invention.
The air conditioner 1 includes a compressor 2, a condenser 3, a plurality of

25 electronic expansion valves 4, and a plurality of evaporators 5, which are
connected to each other by refrigerant conduits to form a closed
refrigerating 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 8 for guiding the



el ectroni c expansion valves 4 is a high pressure conduit 6 for guiding the

WO 01/ 94GRPoH4d4KRO /00018 6 flow of high pressure refrigefinoféeishar ged
fromthe conpressor 2, while a refrigerant conduit connecting the outflow

side of the electronic expansion valves 4 to the inflow side of the
conpressor 2 is a low pressure conduit 7 for guiding the flow of | ow
pressure refrigerant expanded in the electronic 5 expansion valves 4. The
condenser 3 is situated on the high pregsure conduit 6, while the
evaporators 5 are situated on the |ow pressure conduit 7. Wiile the

conpr essor 2flow affighpeessure refrigeramitdistloavgedframithel comporessali 2,aghiloas. The
air conditioner, 1 includes an outdoor unit 8 and a plurality of 10 indoor

units 9. Therefligemmnt Witg;qqﬁ@PPBSéh?rwfﬁ%\fé\ﬁéd%@iém Siartranis §Xe3BeIPN2 and
d 3. . i1 . ' .
giot”ugtnggron ygngsﬁwwggés .ntn'ag} sifle dqu{tbé‘;fol%;w?ﬁ $%tnﬁ®ce STl A 8ond

| 7
ow p sure con eam o conpressor 5 and a

receiver 11 fartguiting the b dofi lov pressurs eeffigedantt expandedniat theasleefrohite
condenser 3. The accunul ator 10 serves to collect 15 and evaporate |iquid

refri gePant BXRaRgjoRovalves . evHpocaNEaNsSI3tis situated an e highe dressurieger ant
to flowinto 4 I r 2, 1f refrigerant . .is n evaporated conpl etely
in the gvapoFéF@?'g%g?N I‘ﬁ%?tﬁpgee\flaglq{ at@ﬁ? ér%%gs'{bt%e&Qeghﬁﬂ?‘ﬁtpggsﬁ%%i } Xt ure
of liquid refyi ggRiR&ith@ brIseeEYS 2 Rf bhbeRItEA! refridBRnM FOWS iflsdlid Lrrow
evaporates liquid refrigerant, and allows only gaseous 20 refrigerant

(refrigerant digeslionss enter the conpressor 2. To this end, it is desirable

to situate the entrance and exit ends of the refrigerant conduit  situated
i nsi de of the accufiaflscopgitiones uw;;espammsﬁoe upk$ apd @ pilralityroto. | 1

refrigarant fgdgt Lﬁ\%g?ﬁse%%o.’&k&é&] X*riiﬂn.é hiﬁaﬁﬁl% e a ove 2qed&idgoer ant
of Tiquirdrefr n

entering the receiver Is a mxture I'gerant and gaseous

refrigerant. cohmpressai 2eand tondensais Br udthedouiniode paita8 efutther lincjudes an
refrigerant andpw aseous refrigerant fromeach other_and to allow only

the |iquid r@°F 1Q siuatgdseRdhgelow PEessiire epnpull FeurstreaRd IRl exi t

compressor 2 and a receiver 11 situated on the high pressure conduit 6
downstream of the condenser 3. The accumulator 10 serves to collect
15 and evaporate liquid refrigerant having not been evaporated and to allow
evaporated refrigerant to flow into the compressor 2. If refrigerant is not
evaporated compleiely in the evaporators 5, refrigerant entering the
accumulator 10 is a mixture of liquid refrigerant and gaseous refrigerant.
The accumulator 10 evaporates liquid refrigerant, and allows only gaseous
20 refrigerant (refrigerant gas) to enter the compressor 2. To this end, it is
desirable to situate the entrance and exit ends of the refrigerant conduit
situated inside of the accumulator 10 in an upper portion of the
accumulator 10.
If refrigerant is not condensed completely in the condenser 3,
25 refrigerant entering the receiver 11 is a mixture of liquid refrigerant and
gaseous refrigerant. The receiver 11 is constructed to separate the liquid
refrigerant and the gaseous refrigerant from each other and to aliow only
the liquid refrigerant to be discharged. To this end, the entrance and exit
ends of the refrigerant conduit situated inside of the receiver 11 are
30 extended to the lower portion of the receiver 11.

in order to bypass gaseous refrigerant collected in the receiver 11,



ends of the refrigerant conduit situated inside of the receiver 11 are 30

ext endedwPoiidigsd ower portion of the receiver 11. In or desC/RROVEDES
gaseous refrigerant collected in the receiver 11, W 01/ 94855

PCT/ KRA /00018 7 a vent bypass conduit 12 is provided to connect the
receiver 11 to the low pressure conduit 7 upstream of the accunul ator 10.
The entrance end of the vent bypass conduit 12 is situated in an upper
portion of the receiver 11, so only ga%eous refrigerant enters the vent
bypass conduit 12. A vent 5 valve 13 is provided on the vent bypass conduit

12 and cont r 8lvent ipypasewonduit d 20is pravisiedstor eannegt therecgiyersthto thelgwg. 1,
doubl e dott ed i,ndi.cat e the flow di ' f

Ferri ger ant - P ongft o dhsteealf gt 15 acchFLiabhal « HE SRR 5 ¢ ne
receiver 11 ige 98H§bwséseeoﬁ@uiﬁgalssstéw@@;gﬁ 3% @ﬁﬁéf%r%})ﬁfof]{ﬂe rBRefver10

. construction is to evaporate t I qui rigerant of |ow tenperature
col | ect ed i n1hso antyugasenus reffgerant enteystthe veat biypassaoconddit 121 afi warity hi gh

t t ing.th h the_hi gh dyit 6, | d

cf foct 1 vol y Yalor e AraGaedron U Sapt bipessapeddh 18rantheonisasiesave
et vel y _ ‘ pERedh 'é ,

whi e the 1585 Pt 9RSBpUF MM ByBasoch, Sl Y, HBublerabigahus,

accunul at or Ifdicate thesiow dinectidroofthesyddeasgbfrigeeantnt eri or of the U shaped
portion of the |ow_ pressure conduit 7. The outdoor unit 8 further includes

a hot gas bypass cdhgupertion of dheebigh grestureoeendiit & extandedgfrop dbsur e

ccunul ator 18060Rh 0 1 FATBLEEEE Sl molBnC B EsE ke TanTbiPean
si de ofig he reppetruétion lisatsl e\iafp@ramsttﬁ@an%ma desfigeraht ofc (aiempsraliére A hot
gas valve 16 is situated on the hot gas bypass conduit 14 to control the

flow rate of aaleciedsin thppasewnulaierd1a by yeing the wefrigerant of irelatively Bight he
L 5YP=Sefatiute Yok BBy i, i I8! SRt 1 BB 57
hot gas di schetfegtidelyrevapohste the refrigerant, the portion of the low pressure conduit
7 situated in the accumulator 10 is formed in the shape of U, while the
15 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
pressure conduit 7.
The outdoor unit 8 further includes a hot gas bypass conduit 14
connecting the portion of the high pressure conduit 6 between the
20 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
the upstream side of the accumulator 10. A hot gas valve 16 is situated
on the hot gas bypass conduit 14 to control the flow rate of hot gas
bypassed, and a liquid valve 17 is situated on the liquid bypass conduit 15
25 to control the flow rate of liquid refrigerant bypassed. Accordingly, when
the hot gas valve 16 is opened, a portion of hot gas discharged from the
compressor 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,
a portion of liquid refrigerant discharged from the receiver 11 flows along
30 the liquid bypass conduit 15 in the direction indicated by the double dotted
arrow of Fig. 1.



conpressor 2 flows along the hot gas bypass conduit 14 in the direction

I ndi cate dotted arrow of Fig. 1. When the liquid '
opened, q‘é&égﬂai%on of liquid refrigerant discharged from ?ﬁjé){?{e(%/g"l"{/lgr 11

flows along 30 the liquid bypass conduit 15 in the direction indicated by
the double dotted arrow of Fig. 1. WO 01/94855 PCT/KRO /00018 8 A
plurality of indoor units 9 are arranged in parallel. Each of the indoor
units 9 includes an el ectroni c expansi og valve 4 and an evaporator 5.
Consequently, a plurality of indoor units 9 are connected to a single

outdoor unit 8. Thé phyality tofdndeordusitsSeareo@rrangedrin paralielhayEdoh ofithe i cal
5 with or different fromaone another. NMNeanwhile, a @I uralitg of evapor at or

entrance t eniRYQQRT VRIS B {RGiHEes 3h QiRElraRisEXRANSIGNHNE _eo‘hat“!ﬁ’e 2 RVARREHODf
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evaporator 5,7 an vapor at or enper ature sensors. 31

are each posidut@oedunin8! hFhexiapaetties Gingiestngasadfindoer uhité malebe ideritical
tenperature of refrigerant |eaving the evaporator 5. These tenperature

sensors Gre pridper difiesemdrorg angaaiother. neasuring the degree of superheat
f fri t, her. ' . h _ be
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wi dt h nodul ation fashion are e oyed as npressors 2. Eac t he
conpressors Zemperatize of refrigemntentenng dbe evapdrator i5nl atd kB plaaliy ofut | et
19, a nmotor 21 situated in the casing 20, a rotating scroll 22 rotated by
the rotating §\@RAaty exitdempesatupe seRgarsa3? @reraaghopasiioned in thereyéofni ng
a conpressin ] r [ : 2 Ss
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valve 26 in the formof a solenoid valve is _nmounted on the bypass conduit
25. In Fig. 2@easHangile dagree ofssyperaest ofygffigerant, and other sensing means

such as pressure sensors may be employed to measure any other property
such as pressure.

15 As depicted in Figs. 2a and 2b, variable capacity compressors
controlled in a pulse width modulation fashion are employed as the
compressors 2, Each of the compressors 2 includes a casing 20 provided
with an inlet 18 and an outlet 19, a motor 21 situated in the casing 20, a
rotating scroll 22 rotated by the rotating force of the motor 21, and a

20 stationary scroll 24 defining a compressing chamber 23 together with the
rotating scroll 22. A bypass conduit 25 is attached to the casing 20 to
connect a position over the stationary scroll 24 to the inlet 18, and a pulse
width modulated(PWM) valve 26 in the form of a solenoid valve is mounted
on the bypass conduit 25. In Fig. 2a, the PWM valve 26 is OFF, and the

25 bypass conduit 25 is closed. In this state, the compressor 2 discharges
refrigerant. This state is referred to as “a loading state”. In the loading
state the compressor 2 is operated at 100% capacity. In Fig. 2a, the
PWM valve 26 is ON, and the bypass conduit 25 is open. In this state, the
compressor 2 does not discharge refrigerant. This state is referred to as

30 “a unloading state”. In the unloading state the compressor 2 is operated at

0% capacity. " Power is supplied to the compressor 2 regardless of the



25 bypass conduit 25 is closed. In this state, the conpressor 2 discharges

refrigergiforolbss state is referred to as "a | oadi ng statgkkdél/dobfs | 0adi ng
state the conpressor 2 is operated at 100% capacity. In Fig. 2a, the PW

valve 26 is ON, and the bypass conduit 25 is open. In this state, the
conpressor 2 does not discharge refrigerant. This state is referred to as
30 "a unloading state". I'n the unloading state the conpressor 2 is operated
at 0% capacity. Power is supplied to thhe conpressor 2 regardless of the WD
01/ 94855 PCT/ KR0O1/ 00018 9 |oading and unl oadi ng states, and the notor 21

rotates at aloading amd uplsading \shatesp@ndr thes motors2ppiotatest at aheovstapt essor

. 2, the notor 21 .d not rotate and the conpressor 2 is.n operating. As
shown i n_Fi gsPaed.{ NReBboust B Ref Suppli 58T Siaeresset 2 fee BSIBaAT ng and

uni 0adi ng. st gbes n@tfdiae Al rRAESAbIRor 2 & Afbperdigge and an _unl oading

. time vary according to required cooling capacity. e tenperature of the

evaporator 6 is deAsestwath (huFigig3t the tompressari 2periodiallyeundergoesthessor 2

di scharges refrjgerant, while the tenperature of the evaporator 5 is
ner eas@d dufqady?g ABd il ng platesedyingiis operation Bipadisgdime afskannot

of " schar godnBRITLCImer varp, ety " CltfbireBl /oY | BERRRL", | THeTi

t he unl oadi ngethpematariee of aher évtpdratorssdigt Yecragetdodufhgnes lodding tme
enbodi ments of the %esent i nvention, the capacit of the conpressor 2 is

vari ed i n subgcaus@ihe pampressor ddisaangeseeiigerant wisle eotlempearaturgwofar e
vari ed accor g to t r ired total, cool|j C i1y,.0f he conpressor
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superheat of an air conditioner in accordance with the present 20

i nvention. Adortionsstindicate itheFamount ofiedischarged uefrigesantacl Sigralanfarut door
control unit
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control signals. In the embodiments of the present invention, the capacity
of the compressor 2 is varied in such a way that the loading time and the

15 unloading time are varied according to the required totél cooling capacity of
the compressor 2 while each cycle period is kept constant, for example, 20
minutes.

Fig. 4 is a block diagram showing the system for controlling the
degree of superheat of an air conditioner in accordance with the present

20 invention. As illustrated in Fig. 4, the outdoor unit 8 includes an outdoor
control unit 27 that is connected to, and controls compressor 2 and the
PWM valve 26. The outdoor control unit 27 is connected to an outdoor
communication circuit unit 28 to transmit and receive data.

Each of the indoor units 9 includes an indoor communication circuit

25 unit 32, connected to an indoor control unit 29, to transmit and receive data
to and from the outdoor unit 8. The outdoor communication circuit unit 28
and the indoor communication circuit unit 32 are constructed to transmit
and receive data in a wire or wireless fashion. The evaporator entrance
temperature sensor 30 and the evaporator exit temperature sensor 31 are

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

expansion valve 4 is connected to the output port of the indoor control unit



communi cation circuit unit 28 to transnmt and receive data. Each of the

i ndoor Uﬂid(ﬁ/998§5nC| udes an indoor conmmunication circuit gorkRbinodes
connected to ‘an i ndoor control unit 29, to transmt and receive data to

and fromthe outdoor unit 8. The outdoor comrunication circuit unit 28 and
t he i ndoor comrunication circuit unit 32 are constructed to transmt and
receive data in a wire or wreless fashion. The evaporator entrance
tenperature sensor 30 and the evaporatorpexit tenperature sensor 31 are 30
connected to the input port of the indoor control unit 29, and the

el ectronic 28pandihen evapogator | enttancectardperature sensout 3bordetestst HBei ndoor

t | it. WD 01/94855 PCT/ K /00018., 10 29. h t t
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evaporator exit tenperat uPe sensor etect's the tenperature o
refrigerant Bividetegiesthed témperatbre o Fefrgeramtahaving, passed cthesugid the

tenperature information is inputted into the , indogr control uynjt . The
i ndoor &ont r EN2RRFAHOD G, @éj}d;@ﬁgqcég tiREREEatER informalion, }%H'tpuétﬁgt o §E§i s of

t he inputtedirﬁiﬂd’r%ﬁ%j‘ﬂﬂﬁ%. TR WohtroPlinit! ?@Eéﬁlﬁgsa@grcggeq"f’g
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of
controls the opening o ¢ el ectroni ¢ expansionva rring to

Fig. 5 a negbperteat arotiie dabisngf thzeinpettedeentrance padhedt tarfpsiatres hefd
below. First, the period of the PWM valve or the duty cycle period of the

conpr essor 2the eysperatek @ndsaontyols the opening ptthe ejssivobic expanséon ¥apieessor
2 is transmtted fromthe outdoor unit 8 through the outdoor conmunication
unit 28 and t’he i ndoor communication unit 32 15 to the indoor control unit

29. Inqthi s enbodi MRSFErrind &oPFid.0%, 1 & #néthBaCYor V@riidlliry Ghe dBgR&sopds.
Subsequently, the entrance and exit tenperatures of the evaporators 5 are
peri odi cal | y stipecheatiisdescripeddisdowed FirsE1the) perita of the AWK valwperrather es of

e evan =t ol by Beae e S o hSar A oAb e S e TS B A e
by the evaporsdrid 6iiHe EGWPPESHOY2is transmitted from the outdoor unit 8 through
the outdoor communication unit 28 and the indoor communication unit 32
15 to the indoor control unit 29. In this embodiment, the period is a preset
value, e.g., 20 seconds. Subsequently, the entrance and exit
temperatures of the evaporators 5 are periodically or continuously detected
(8102). The entrance temperatures of the evaporators 5 are detected by
the evaporator entrance temperature sensors 30, and the exit temperatures
20 of the evaporators 5 are detected by the evaporator exit temperature
sensors 31. The indoor control unit 29 accumulates the detected entrance
and exit temperatures of the evaporators 5§ and detection periods, and
counts a detection frequency (S103). |
Thereafter, each indoor control unit 29 determines whether
25 accumulated detection periods are identical with or exceed the duty cycle
period of the compressor 2 (S104). If not, the above described steps are
repeated. if the accumulated detection periods are greater than or equal
to the duty cycle, mean entrance and exit tfemperatures are calculated
using accumulated entrance and exit temperatures and the counted
30 detection frequency. In essence, when the control of the degree of

superheat starts, the indoor control unit 29 confirms the duty cycle period



sensors 31. The indoor control unit 29 accunul ates the detected entrance
and exi tylgpagsaat ures of the evaporators 5 and detecti on parkRegooosnd
counts a detection frequency (S103). Thereafter, each indoor control unit
29 determ nes whether 25 accunul ated detection periods are identical with
or exceed the duty cycle period of the conpressor 2 (S104). If not, the
above described steps are repeated. If the accunul ated detection periods
are greater than or equal to the duty Tycle, nean entrance and exit
tenperatures are cal culated wusing accunul ated entrance and exit

t enper at ur esaaghdcalevlatesintned Boadeestnanea andquaNic lemperalisesice, Invh t he

cont i rms. t e TESEh dnBeRABaIBNA 9 4815s CRERTRRDY) GoDTY beremiioved
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degree of supabtrecting itlse aakan| ertteahcen tempepdtuteargfetheopeapoatorafioen dhet he
el ectroni c expansion 10 valve 4 is calculated on the basis of the degree of
super heat anfeafeexipampatptere ohthecpvapergiote MWhemihe degies of §UP§V'1Q?3UI at ed
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to be small when the degree of superheat is high, whereas the target

opening value is set to be large when the degree of superheat is low.

15 The reason why the mean entrance and exit temperatures of the
evaporator 5 are employed to calculate the degree of superheat of the
evaporator is to compensate for a temperature fluctuation phenomenon
caused by the fact that in a pulse width modulated compressor the
discharge of.refrigerant intermittently occurs even when the compressor is

20 operated. As shown in Figs. 6 and 7, since the difference between the
entrance and exit temperatures of the evaporator always varies while the
pulse width modulated compressor is employed, the degree of superheat
calculated using the entrance and exit temperatures of the evaporator at a
certain instance may deviate from the actual degree of superheat. When

25 an accumulated time for mean temperature detection is different from the
period of the PWM valve or the duty cycle of the compressor 2 as shown in
Fig. 6 even though mean temperatures are utilized, the calculated degree
of superheat is likely different from the actual degree of supérheat because
the difference between the mean entrance and exit temperatures varies.

30 On the contrary, when an accumulated time for mean temperature

detection is identical with the duty cycle of the compressor 2 as shown in



di scharge of refrigerant intermttently occurs even when the conpressor is
20 operated. As shown in Figs. 6 and 7, since the differsqﬂﬁ7 t he
ent r ance YAhW/ 8% tenperatures of the evaporator always va @8%@?@ t he
pul se wi dt h nodul ated conpressor is enployed, the degree of superheat

cal cul ated using the entrance and exit tenperatures of the evaporator at a
certain instance may deviate fromthe actual degree of superheat. Wen 25
an accunul ated time for mean tenperaturg,detection is different fromthe
period of the PWM valve or the duty cycle of the conpressor 2 as shown in
Fig. 6 even FRpuyhtheesalcliznes deigres of auperhedt Befhostipesamé cad e cactedr ee
of superheat is likely different fromthe actual degree of superheat
because t hedagree:ptsopethaatdiacause theadifferancenbetwarn the Mmeameatansees

varies. 30 On _the.contrar when an_accunul ated tine, for nt rature
detection i s2nd&Rittempeatures r‘FeS'd?ﬁn‘?‘q‘é@& %oqﬁta?%ih%rg%r%gggﬁy f°§§%§}®m in
WO 01/ 94855 ka§ Mdrhéat Fig. 7, the calcul ated degree of superheat
is nostly same as the actual degree of superheat because the difference
bet ween the mean entrance and exit tenperatures is substantially constant,
t her eby proper cong r q t he degree of superheat. 5 Industrial
Applicabtlit ISTRQAAPRIGERIRY ove, the present invention provides a system
and nethod for controlling the degree of superheat, in which the degree of
superheat is controlled using the entrance and exit tenperatures of each
evaporat or and theA@d@s@tﬁerdaab@:@rtﬂeep%kememmbngﬁ@vmﬁestél%ygtaﬂcarai or 10
calcul ated for a period of tine i dentical with the duty cycle period of the
conpr essor araethed| fof eeptiteniling dhe degieatofosupgrhent ewhich dhe egeaf |

t her eby conpensat. ng [for e rature fluctuation enonen

rosult) ¢ he SubpLes aliaBRIRIAS e sy o el YRR s T S
super heat cargvapofatbf ahaltRe mésh BhtaRee BhE LXK teRfsdtafirs lof #he evapBadter on 15
val ve can be reqgul ated on the basis of the above descri bed degree of

super hebd, t ealadgtedpform pengdaef tine identicali with ithesdutyesicle period of the
compressor are utilized for the calculation of the degree of superheat,

thereby compensating for a temperature fluctuation phenomenon. As a
result, the degree of superheat corresponding to the actual degree of
superheat can be calculated and the opening of each electronic expansion

15 valve can be regulated on the basis of the above described degree of
superheat, thereby optimizing an air conditioning system.
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1. A systegoi/essgontrol ling the degree of superheat of anpal/Krocoewdsti oner,
conprising: a conpressor controlled in a pulse width nodul ati on manner 5
according to duty control signals; a condenser, an el ectronic expansion

val ve and an evaporator constituting a refrigeration ﬂ#ﬂ,ﬂ”ﬂ’ﬁmuﬂ o h
sai d conpressor; neans for sensing properties for cal cullk ﬂugu\rm of
super heat of said evaporator; and 10 a é8ntrol unit for Tredul &ifg ®dpeni ng
of said el ectronic expansion valve according to the cal culated degree of
superheat. 2. The system according to Elaims 1, wherein said property

- sensing neans includes an entrance tenperature sensor situated at the
entrance of said evaporator and an exit tenperature sensor situated at the

exit of said 15 evapopasgstematicr Tdhtiollingr tife Afegrepesheaperiseatebfran gd by
-the difference between nean entrance and exit tenperatures of said
evapor at or s&@ndlitionsy, eMBri¢iRgr ance tenperature sensor and said exit

per L ad of Sai d comt erneRESt Fonkioyeh o SEABRE IR ot nBkef <. o
mean enty anceacoddingdo ety cém@‘é@ﬁgg,es are nmean val ues of tenperatures
nmeasured for a perirod of tinme identical wwth a duty cycle period of said

conpressor. 4. The ayondenseroanlielgeiranicl expansiomhnaied rarghiah @vaperater
sensing means_in

| udes entrance t rature sensor situated at the
entrance of %%%%%F%—BSF"%WH @ﬁ'%ﬁ?@?}?@ﬁﬁ@ Q?li]%o@gwrsi tuated at the
exit of said 25 ev 0 ' S i dg{g’ bnegd by
the difference beméﬁgn@gn%&ﬂ?@né‘%@g%g%xﬁbtgan%girégﬁgr etgeof (Lg%
evapor at or sesithebiofssaid ewaportor andnper at ure sensor and said exit
tenperature sensor for WO 01/94855 PCT/KR01/Q0018 | X ,
10 : a control unit for regulating opening of said electronic expansion

valve according to the calculated degree of superheat.

2. The system according to claim 1, wherein said property sensing
means includes an entrance temperature sensor situated at the entrance of
said evaporator and an exit temperature sensor situated at the exit'of said

15 evaporator, and said degree of superheat is determined by the difference
| between mean entrance and exit temperatures of said evaporator sensed
by said enirance temperature sensor and said exit temperature sensor for

a period of time corresponding to a duty cycle period of said compressor.

3. The system according to claim 2, wherein said mean entrance
20 and exit temperatures are mean values of temperatures measured for a

period of time identical with a duty cycle period of said compressor.

4. The system according to claim 1, wherein said property sensing
means includes an entrance temperature sensor situated at the entrance of
said evaporator and an exit temperature sensor situated at the exit of said

25 evaporator, and said degree of superheat is determined by the difference
between mean entrance and exit temperatures of said evaporator sensed

by said entrance temperature sensor and said exit temperature sensor for



i1111111111111111111 |11 1111 14 c a loading time of said conpressor. 5.

The systgrg 6319}5?! ding to claim1, wherein said conpressor pRfkrSPHEI18
condenser constitute an outdoor unit, said el ectronic expansion valve and
sai d evaporator constitute an indoor unit, and said systemconprises a 5

plurality of indoor units arranged in par al l el , 6. A ne mﬂ “mmm“" ng
the degree of superheat of an air conditioner, said ai ﬂlm

i ncluding a conpressor controlled in a 1pul se width nodutat§ont ndnnér
according to duty control signals, an electronic expansion valve and an
evapor at or, adogdingitime ofisaigtanrspreflssod0 det ecting entrance and exit

tenperatures of said evaporator; calculating degree of superheat on the
basis of detected entrance and exit tenperatures; cal cul ating target

openi ng value of sgi gygl %&Eérﬂ{‘éébo‘ﬁéﬂ?gﬁr&&n“( 3l WherBlh £81 é&ﬁ?és@&r &he

cal cul at ed degree of superhea egul ating sald el ectroni c expansion

val ve to a cshidutaridehserrqestituteen ogtdoal ueit, ZaidTelectrenivoekpansiondvalyet o
claim6, wherein said entrance and exit  tenperatures are nean entrance and

exit tenper aBlf&RiGLVIRPEAtaR eonstidisran Nieos 4nkyand st sYSIEALEOMBAPRS & ur e

cor  ospandi ng 8 o RgSR T Bipded HIARAEL conpr escor . 8. The met hod

according to claim§6, vvherel n said entrance and exit tenperatures are nean
entrance and exit teggeratures of said evaporator sensed by said entrance
tenperature sensor 6andl Swthpdefor aontiodingt the detreeent dupesheat bban wmir ti me

of said compr e?‘laﬁloner said air conditioner including a compressor controlled in a
pul_se width modulation manner according to duty control signals, an
electronic expansion valve and an evaporator, comprising the steps of:

10 detecting entrance and exit temperatures of said evaporator;
calculating degree of superheat on the basis of detected entrance
and exit temperatures;
calculating target opening value of said electronic expansion valve
on the basis of the calculated degree of superheat; and

15 regulating said electronic expansion valve to a calculated target
opening value.

7. The method acbording to claim 6, wherein said entrance and exit
temperatures are mean entrance and exit temperatures of said evaporator
sensed by said entrance temperature sensor and said exit temperature

20 sensor for a period of time corresponding to a duty cycle period of said
compressor.

8. The method according to claim 6, wherein said entrance and exit
temperatures are mean entrance and exit temperatures of said evaporator
sensed by said entrance temperature sensor and said exit temperature

25 sensor for a loading time of said compressor.



