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1 DESCRI PTI ON REFRI GERATI ON APPARATUS 5 TECHNI CAL
FIELD This invention relates to refrigeration
apparatuses including a refrigerant circuit provided
wi th an expansion val ve variable in opening.
BACKGROUND ART 10 Refrigeration apparatuses are
conventionally known that include a refrigerant
circuit provided with amDESQRIBIION val ve variable in
openi ng. Patent Docunment 1 discloses an air
conditioner as a refrigeration apparatus of this kind.
The air conditioner includes a superheat controller.
During heating Op&ERRIGERATIOMNAPPARKETUSON of the
superheat controller calculates the difference between
the tenperature at the entrance of an 15 outdoor heat
exchanger and the tenperature at the exit thereof as a
THEINECADIFIEUpPer heat at the exit thereof, and further
cal cul ates the difference between the cal cul ated
degr gRisOhvergiopereheat toartigeraidsi appdratiegs éehafing apefriigeadnt circuit
as a deviation E. A valve control section of the
praviged a@itan @@pdrsnlvatvecarbblelis opdiengpeni ng of the
not or - oper at ed expansion valve to bring the deviation
E to zero. 20 Patent Docunent 1: Published Japanese
Pat ent Application No. HO7-22505 8 DI SCLOSURE OF THE
BASKEROUONDPRRBLEM TO BE SOLVED BY THE | NVENTI ON Such
vari abl e- openi ng expansi on valves for use in
r ef r Rgfrigetdtion ayppoatees ses hvdntionally2 knkwndhhauelude a refrigerant
i ndi vidual differences in opening. Therefore, even if
citdniz poopaied i with val eggansionpuilvé harigblaeinopperiingy cBatentnPocument 1
val ue, variations occur in the actual opening. For
dis¢ioses an earsmnditionesaschredrigavaticenapiparats ofehisikjed.at Thmair conditioner
apparatus using a vari abl e-openi ng expansion 2 valve,
inthdesaat superhopenpnitpllsi. t Perieg fwating ropetitivn, devdrdrobssection of the
froma control target opening to which a valve
supahtataiontreliersalcntatesdle diffesavce beiaveen Prriemperaipag 9tethp gntrance of an
out putting an openi ng
outdoor heat exchanger and the temperature at the exit thereof as a degree of superheat at

the exit thereof, and further calculates the difference between the calculated degree of
superheat and a desired degree of superheat as a deviation E. A valve contro] section of
the superheat controller controls the opening of the motor-operated expansion valve to
bring the deviation E to zero.

Patent Document 1: Published Japanese Patent Application No. HO7-225058

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

Such variable-opening expansion valves for use in refrigeration apparatuses of this
kind have individual differences in opening. Therefore, even if the expansion valves
input the same opening command value, variations occur in the actual opening. For this

reason, in such a conventional refrigeration apparatus using a variable-opening expansion
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command val ue to the expansion valve. In this case,

there arises a problemthat an appropriate flow

control cannot be carried outz 5 The present invention

has been nade in view of the foregoing points and,

therefore, an object thereof is that the

refrigeration apparatus including a refrigerant
vabld, G4 dchil Qpbiifs of el dkparbi X RARS H&Nat¥iTuR & edrit@d t&rgbtropening to

openi ng provi des an appropriate flow control using the
whBiXRanah@condbl freatdENbiadd @ Mh@eﬂ'ﬂdﬁsiﬁ’mmfyl&tﬁutﬁhg ah opening

aspect of the invention is directed to a refrigeration
corpf@{dabalSe (td Ghe ieRBAdsfinngalve raf thise4saNthetd hfitdst a (26hlem that an
provided with a conpressor (11) and an expansi on val ve
pddino e abltolcBopeBbagedtlie el i gerant of roui
20) being operable in a refrigeration cycle, and a
val VEneGftBlenfinvemaihchas H3in £ ingdew of tie forRbinglpoitte and, therefore,
openi ng of the expansion valve (13). The
arl 65jédt ledredfii0 thad e frigésatiohQpphrdfus igdluding b uekigetipe piradt provided
degree detection neans (32, 34) 15 configured to
whE bil 8% ansiah velve aflsbilp il opehirgPe b aide oM dpprafriatdrfibwesontrol using the
conpressor (11) is driven with the expansion val ve
edpisiorci4l6€d, an openi ng degree detection operation of
detecting an opening degree that is an openi ng conmand
MEANSTOFOLME THE PROBIEM t he expansion val ve (13)
froma closed state to an open state, by determ ning
whet Adfirst dspecteX ganavanionads dieedtdd) a refripeemiohappatams (8)) including
change in state of | ow pressure refrigerant 20 between
a tréfe gaapacisiudtn{ 203 [pvevideld3vita red corhpressoe t(i Dnargl ate eppansioa valve (13)
conpressor (11), while gradually increasing the
varjablei in @pewingethel rafe perentonitopil t(20)dbelipeopexaidn 81 @refugéragon cycle, and
(13) with the conpressor (11) deactivated, and the
a vy eogmhimeahs (B ren{i@sed tecavml thyueredingofabe exprnsionfxatve (13).
expansi on val ve (13) using the openi ng degree detected
Tharefiigergivardppgratisdil @efuter picludas opgéngdéaner dasction means (32, 34)
second aspect of the invention is the refrigeration .
canfigaredt taspexforos diftey at pumrdowh reneratiggpiscwhish thaecompressor (11) is
I nvention, wherein the opening degree detection neans
drign, wight the sxpemsion gualesd (13) slesef.usn opening Hegrse dstegbiom operation of
operation, the high-side pressure of the refrigeration .
detgcting a8 opghinigi degeeef thakly srapppRing command value for use in changing the

expansion valve (13) from a closed state to an open state, by determining whether the
expansion valve (13) is open based on a change in state of low-pressure refrigerant
between the expansion valve (13) and the suction side of the compressor (11), while
gradually increasing the opening command value output to the expansion valve (13) with
the compressor (11) deactivated, and the valve control means (33) is configured to control
the expansion valve (13} using the opening degree detected in the opening degree detection
operation.

A second aspect of the invention is the refrigeration apparatus according to the first
aspect of the invention, wherein the opening degree detection means (32, 34) is configured

to adjust, in the pump-down operation, the high-side pressure of the refrigeration cycle
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A third aspect of the invention is the refrigeration
apparatus according to the first or second aspect of
the invention, wherein the refrigeration apparatus is
configured to perform prior to the punp-down
operation, a warm ng-up operation in which the opening
5 degree detection neans (32, 34) adjusts the
whthigh-fiiedeanpeessure of the refrigeration cycle wthin
a fixed range while the conmpressor (11) is driven with
the @xfpanskgdtt vathetntdndon i B refyckaiohtdppaans ciccallirigh® the first
invention is the refrigeration apparatus according to
ora§tofd @spedf of hige {rivestiord, ovlidiéin dhaspRigestioh appsratus is configured to
i nvention, wherein the opening degree detection neans
pekforfi3grior38)thé pumprdo@lipeehtion, slehatinga® dpetatiopdiwigeh the opening
degree an openi ng command val ue determ ned when the
dgpiesddiétionfmédne (BDVBrRlfsw e tafl-side pastbure xafaRe seffigeration cycle
predeterm ned | ow side pressure threshold value. A
withiht £ fiRed etige Ofhildhthei cowpnéssen(1i13 id Beveretvith gRe @kpasion valve (13)
apparatus according to the fourth aspect of the
opefvent i on, wherein when the openi ng command val ue
reaches a 15 predeterm ned upper limt, the opening
degr aefodeth esiacoof the angn(idRis thd yeftgdratidrsagpamtusgpeording to any one
limt as the opening degree even if the pressure of
of the firsivio phied aspeetsroffthe geeatidn, ivehetdie thoovpeniigddegneecdatentmn means
threshol d value or below. A sixth aspect of the
(32neeéntis aonfiguret etor édtedtgar dic operapg alegtes saracpenidg ngptroand  value
any one of the first to fifth aspects of the
détervemddi when whe pedssure hd the dow ngessegr eérighedns otxicentls ne arssletermined
20 (32, 34) is configured to detect, in the opening
losegdepreshuretrésboldopbreat i on, t he openi ng degree by
repeating a first operation of increasing the opening
comménidftly adpget dfythainyentswt is theatefrigenatbnaappaatisdccording to the fourth
operation of determ ning whether the expansi on val ve
aspe@) of sthepanvenbosedvisreim whemgihei gpening ecapimand value reaches a
| ow-pressure refrigerant between the expansi on val ve
predgyrmingtiuppee limit tthe ppesingedegtes dricationpnesss 632, 3 Yeteqts the upper
this order until it is detected in the second 25 .
ligpes dhq epeningadegricecver pas ipsesswig|of sheq logy-pressugp eaftigerant is the low-
seventh aspect of the invention is the refrigeration
sigpprassare dresheldralueprieloshy one of the first to sixth

aspects of the invention, wherein the valve contral
nmeand gixth)aspect of the invention is the refrigeration apparatus according to any one

of the first to fifth aspects of the invention, wherein the opening degree detection means
(32, 34) is configured to detect, in the opening degree detection operation, the opening
degree by repeating a first operation of increasing the opening command value by a preset
value and a second operation of determining whether the expansion valve (13) is open
based on a change in state of the low-pressure refrigerant between the expansion valve (13)
and the suction side of the compressor (11) in this order until it is detected in the second
operation that the expansion valve (13) is open.

A seventh aspect of the invention is the refrigeration apparatus according to any

one of the first to sixth aspects of the invention, wherein the valve control means (33) is
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configured to determ ne the opening conmand val ue
wWthin a range not less than a lower |imt comand
val ue previously set in the valve control means (33),
and the opening degree detection neans (32, 34) is
configured to correct the lower limt command val ue
usi ng the opening degree. 5 An eighth aspect of the
canfigenet! ito deieamink ehe epenigecahinmil eglpamathiisa aape mdt s thin a lower
‘the seventh aspect of the invention, wherein the
linj ewmmprdegalee peet@sty en inehe sva(@2cond) nddns ¢83) iagdrted opening
to set an assuned val ue of the opening degree,
degedecdetartion aseans (38,343 tis oonfigakadetoacortsat e lewtailingdcdi¥mand value
subtracting the assunmed val ue fromthe openi ng degree,
usingdhe apaningdezree. corrected lower linmit conmand val ue
by adding the correction value to the lower limt 10
conmAnckigieth uepgat @Y itle Rlventiat isi the tréfiguative appaibtudlaccording to the
means (33). A ninth aspect of the invention is the
seveith agecadf e iappaival wheric tiedipegingldghe deteviontheds (32, 34) is
ei ght h aspect of the invention, wherein the opening
codégured talget eo hssmmedsahe (f3Rs opediy degraepodligate ed atdrrection value a
correct again the lower limt comrand val ue, which has
vahwarbtainet by stbemicting thg ashenaipenbianfiomehe epenihd dégree, and calculate a
predeterm ned criterion relating to the anmount of 15
correfted dewernlimit| commdndovigbe by eddingaths icorrestiinvealdd &) theslower limit
satisfied in a lower-limt-controlled state in which,
cogngrand gyahie poevieslogee irathie oalvie rominglaheans §3%ce to be
controlled is controlled in tenperature, the opening
cormmaridntharspect ef thguimventmnt isethk cefrigetdtiont apparanesnaccording to the
val ue. A tenth aspect of the invention is the
seyaatly pigghth iaspechphilic anvestion, odhedéin thet apening degreehicteatipe efeans (32,
of the_invention, wherein the opening degree detection
3rda senfigmed 3a) careect @gtingtheelywep Oimio eoormat valyej whidhe has been
lower Iimt conmand val ue, which has been corrected
cogfgqtﬁcbu%lﬁg tl@p@wn@ %gqeegf a p@dgen@ing@ eritggby eclafifig to the amount of
IHﬁrst condition in which the refrigerant flow through
reffigeragt Hawdheswel dhe expansipn; valven(13) jx eatisfied in adower-limit-controlled
excessivel]y small amount state is satisfied as the
stalsy pevehiey luring prwrmaleperationiie whigh a maretp e eanstolled is controlled in
el event ﬂ@aspe_ct of the invention is the refrigeration
temperapce, (he ORERIBE GPRMEINE valye is eamalforthelogier ligit gpramprd value.
of :{£§ i,nventiqn, wherein the gpeni ng degree detection
mearfs (gbaspsehof the inventionys therefrigesasionapparaisiascardiag to the ninth
| 0 [imt.co nd val ue, whi ch has been corrected
asﬂfgﬂ“v%h? HeeRtEh P‘Jf%r% Hiepening dsgrepdpiegtionmeans, (32434 is configured

to ST dag%%n%et fo(\)v%r ilpmi\{mcio(r:xlr;ngn evarh?g, r\LfI%%kl; a}{;ts been corrected using the
opening degree, to a larger value, if a first condition in which the refrigerant flow through
the expansion valve (13) is in a predetermined excessively small amount state is satisfied
as the criterion in the lower-limit-controlled state.

An eleventh aspect of the invention is the refrigeration apparatus according to the
ninth or tenth aspect of the invention, wherein the opening degree detection means (32, 34)

is configured to correct again the lower limit command value, which has been corrected

using the opening degree, to a smaller value, if a second condition in which the refri gerant
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5 flow through the expansion valve (13) is in a
predeterm ned excessively |large anount state is
satisfied as the criterion insthe
lower-limt-controlled state. A twelfth aspect of the
invention is the refrigerati on apparatus according to
any one of the first to eleventh aspects of the
flowientglothe ewparstinvalve(18pRHh APretRrRthedekeskively lafge amount state
means (32, 34) is configured to performthe opening
isdetipfied ag dieagitérivn iapler Biveo imat catdlléd ftateof t he
refrigeration apparatus (10) only if a predeterm ned
condiA tvoedfth aspeet bs tHeetveridnhis rthe esttiBeratiowe appadhtut Recording to any
invention is the refrigerati on apparatus according to
oriendf thaifindt o akepeanth agfectshef theusehiien) wheheh Eidlopeitig degree detection
openi ng degree detection neans (32, 34) is configured
means(B2,f ) i3 toefigmpehiongerideqrtbe opatine Hegrte gestiini &eraion at startup
startup of the refrigeration 10 apparatus (10) only if
ofahpredfdgdration appdraasn(d)} ordy ifl asSpredetérafih@bcondiidntid eatisfied.
openi ng degree detection neans (32, 34) conprises a
menoAythjrteehth(B3pgct fof thesinventivg iasharefdgedratidn sppamdhsusecbiiing to the
di fference between the lower limt conmand val ue
niptheaspecisofyths eihvemionh evhesdity ehec opdniny degrearndstetB&) nesads (32, 34) is
the corrected lower limt conmand value and is
candighiiied to perferm theropewihg tlhgree Heraetionl dpetdtion amsmndp whtheaefrigeration
using the correction value stored in the nmenory part
appaBjusi fl0hanlyl 5 peprédaterimoed: bendixeningatid€igd eand] diecopémime degree
operation at startup of the refrigerati on apparatus
detertipn meaBPERAT4)ORBprises 4 nembry mart @Spfrtstoningtaka correction value the
invention, the opening degree detection neans (32, 34)
differchen hetwaen dpeiwey lieireosmietdevdlio preparsit saninothe valve control
detecting an opening degree that is an 20 opening
meggtnidhngdahe eofrented osver hingheonginand videe eng énsindiguzed| toeorrect the
(13) froma closed state to an open state. The opening
IOW@@‘?‘@E cammand velveapimedhe emracoperlfiostorad iafthemembry part (35) if not
punp- down operation_in which the conpressor (11) is
pegformiag thy epeningdesteradaiecsion\paeration aBytartuy ofthd reffigeration apparatus
&ﬁeni ng degree detection neans (32, 34) determ nes
(IQ®het her the expansion valve (13) is open based on a
hange in state of | ow pressure refrigerant between
) %ansi on valve (13) and the suction side of
the conpressor (11). while gradually increasing, wth
t he oS astsaspeqt 1of)the dnventionthe openiae degise gtestormmneans (32, 34)

val ue outéJut oths . . . , :
performs an opening degree detection operation of detecting an opening degree that is an

opening command value for use in changing the expansion valve (13) from a closed state
to an open state. The opening degree detection_operation- is performed after the pump-
down operation in which the compressor (11) is driven with the expansion valve (13)
closed. The opening degree detection means (32, 34) determines whether the expansion
valve (13) is open based on a change in state of low-pressure refrigerant between the
expansion valve (13} and the suction side of the compressor (11), while gradually
increasing, with the compressor (11) deactivated, the opening command value output to the

expansion valve (13) from a state in which almost no refrigerant exists between the
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expansi on valve (13) froma state in which al nost no
refrigerant exists between the 6 expansion valve (13)
and the suction side of the cgnpressor (11). Then,
when the expansion valve (13) changes fromclosed to
open state, the state (for exanple, pressure or
tenperature) of the | ow pressure refrigerant changes.
expansief ouke (1B% aapethe n@edeyistR ofl @iee6brmprsd®2ans$). ( 3then, when the
34) detects the opening degree based on the change in
expuadien odlvé (18) Shdrpes foasdoded to @béd gateaMht stakd(fbh&xalpls tpressure or
aspect of the invention, the opening degree varying
temperagireX phinlsd tow-padsvrs felidderdrs dRbgGt eCheAse) BN Bpéling degree
this opening degree, an opening characteristic of the
detecpansieans (3, \3d) d&RB)ts theloPertifig defel baseANGEtHREENAREN id BBte of the
actual opening and the control target opening, can be
losgmessuehefibdepane, hythe ditra3hédt R tie@ventan Hedpend kgree varying
(13) using the openi ng degree, the opening
arndngr axphesions valoesofl 3) eddedqaansiAgtoxthy/ & thisSdpenid} degree, an opening
reflected in the control on the expansion valve (13).
cheractehistis efthadxpapiatvadie (B sichvad Hidferencd befen the actual opening
punp- down operation, the high-side pressure of the
andethe i getral taoget mpehing] samdeustwd Theréfore, &yl corRbili@NER. expansion
Therefore, in performng the opening degree detection
vabyed(l 3} wsing the lpeting degieelehpopssny ehatdctdrizdic of the expansion valve (13)
~refrigeration cycle is constant. 15 In the third
1s gefleetet! imfhetchatrolonathe expansianwalvei(id)- up operation is
perfornmed prior to the punp-down operation. In the
war mMonige spcanderspedt @f the trentpen) im thedmgnpdodatopetation, the high-side
means (32, 34) adjusts the high-side pressure of the
Presefre| gtgerﬂm irefnigenatibe apictehisn adjubted edithiangefixedTraigef orfherefore, in
in performng the opening degree detection operation,
perfpening g thes joening edepieee defectiot eopeedtiongahat high-sidec peesinge  of  the
constant. 20 In the fourth aspect of the invention, an
reisigeating cyderisenoustontt ue .det er ni ned when the pressure of
the | owpressure refrigerant exceeds a predeterm ned
| ow-L5i the thirdeaspaeteo! the invehiion aveitrgEng-vp dpembiveds perfirtned prior to
openi ng degree, Wen the expansion valve (13) changes
the pyRp YaeRPrPBiospe i sheawermmpapperesatinne thuf opening degree detection
| ow- pressure refrigerant increases and the o
m‘taéﬁﬁgr athaddusis{be bigh-side pressicasof thp sefigeretion evcds withi a fixed range.
| ow-pressure refrigerant changes 25 faster than the
ThF’@ﬁ‘H@r‘&tH?Ff@“{‘Wér%f’Penﬂ% fegses %qﬁ@qnﬁna)@s@@pn,dhe high-side pressure of

the rgg'?g%}a{ti%g ’cyglg % é/o?llstuaxelt. of

In the fourth aspect of the invention, an opening command value determined when
the pressure of the low-pressure refrigerant exceeds a predetermined low-side pressure
threshold value is detected as the opening degree. When the expansion valve (13)
changes from closed to open state, the pressure of low-pressure refrigerant increases and
the temperature thereof decreases. The pressure of the low-pressure refrigerant changes
faster than the temperature thereof. In the fourth aspect of the invention, the value of

pressure changing faster than temperature is used to detect the opening degree.

In the fifth aspect of the invention, when the opening degree detection means (32,
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pressure changing faster than tenperature is used to
detect the opening degree. In the fifth aspect of the
i nvention, when the opening degree detection neans
(32, 7 34) gradually increases the opening command
val ue and then the opening command val ue reaches its
upper limt, the opening degree detection neans (32,
384 radiall ¢ el@edsbethd Ripefing icHininandS/aludend Pl the ogeghg eommand value
When t he openi ng command val ue reaches the upper
reh ¢k its uppé lindipahte B?erﬂ@ﬂ@@e&cﬁt@:ﬁibh@ﬁbaﬁﬁaﬂs 34 B@steciddhe upper limit
detects the upper limt as the opening degree 5
ad g Apehiag degfee! hiVishahe oﬁénihgl eom@vsngrnefieufeaches the upper limit, the
refrigerant. In the sixth aspect of the invention, iIn
opdithgodnéd getd@pmemesiat @t BONdepar akd Qppertliifit s8pBaiopgning degree
degree detection neans (32, 34) perforns a first
regadleasd bOthe 3tk ¢f thE€MNPredfies Alffigianti n this order. 1In
the first operation, the opening command value is
I ncr agrRcGitl adpdet 65 the invelkivg, inlthe bpenise deyree detedtdni @peration, the
whet her the expansion valve (13) is open is determ ned
opflingadegttealetdction ieahe(3af 34)heerfonws prissipemstioa fand gaeeoid. operation
The openi ng degree detection nmeans (32, 34) repeats
intthe dridd¢rst inperfati ererativa, tHecopeamgruamopaidatalwnisiincredsed by a preset
order until it is detected in the second operation
vdllat [hhiee eecpad spemtivd| wieetlick3he espanpen.valve (1A issepeant ketermined
aspect of the invention, the lower limt conmand
based oe thevbtaehofi the tldve-présswve rrefrigerant. of Thehepeaprendepyee detection means
command val ue, is corrected using the opening degree.
(3253 4aemeath the firw opbration pahihe gechagroperatias indthscoideewntil it is detected
previously, an opening characteristic of the expansion
imvh¢ seeofd G)eratsncthatatbe exphinfibe velve €1 Has vpamn t he act ual
openi ng and the control target opening, can be seen.
Ther &f thesgvdmh apectadthaigventon, thedower litit commaad dalng) which is the
using the opening degree, the opening characteristic,
logfer tlnait enfptesopaming icommang) vilee, isefdreasteddusing tthe dnsmimg degree.
limt command value. 20 In the eighth aspect of the
Apgopding tothis epaning dagrécons Jescrieed previgudy.i an apsningchpragteristic of the
the Jlower |imt command value is cal cul ated by
expaptiomeeivad 1 dh suels asrpddiffarenee betwease tbp apiualyopesrg eed the control
fromthe opening degree. Then, a corrected lower limt
tapgshRRFING staliebg Beenc aiTberefaradbp pomerting ghe Hewelo hmdcgqramand value
value to the current lower limt command value. In the .
usnenthe geeieg degreendhg eperpg gharackastiowd rthe | srpensigimighig (13) is

}ial ue. corrected using
reflected in the lower limit command value.

In the eighth aspect of the invention, a correction value for use in correcting the
lower limit command value is calculated by subtracting an assumed value of the opening
degree from the opening degree. Then, a corrected lower limit command value is
calculated by adding the correction value to the current lower limit command value.

In the ninth aspect of the invention, the lower limit command value corrected using
the opening degree is corrected again if a predetermined criterion relating to the amount of
refrigerant flow through the expansion valve (13) is satisfied in a lower-limit-controlled

state in which, during a normal operation, the opening command value is equal to the
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25 the opening degree is corrected again if a
predeterm ned criterion relating to the anount of
refrigerant flow through the gxpansion valve (13) is
satisfied in a lower-limt-controlled state in which,
during a normal operation, the opening conmmand val ue
is equal tothe 8 lower |limt conmand val ue. In other
lower Uit Edhimbnd WERB) t heo@dBP widkdsp firste fromotieaditiounh @ refrigerant that
actually flows through the expansion valve (13) in the
ach@VRr flow e throu@ht thel &gensibtwive dEelmtatibwea-liusitiddeolled state,
of whether the lower limt conmmand val ue corrected
detamivhtionels MARNONGheBEr @8 [Gvedlimd poadhdnd! talv@lct@ected using the
Then, if needed to be corrected, the lower limt 5
opeaingRiedreédh U appropaiteeated Jyah Nt nédlet e bk @birbeted e lower limit
of the invention, the lower limt conmand val ue
conffidrRictaft iv sbiécted dp@iropeni ng degree is corrected again
to a larger value, If a first condition in which the
r ef r [rpihe agtith hdpewt dfikolngbntidie tieXpasshian cemimsad (vhBk dofrected using
in a predeterm ned excessively small anmpunt state is
the apéiihg @dgred i berréctotesigdin o h-1agst vallié €€ asfist eondition in which the
ot her words, if the anmount 10 of refrigerant that
refrigetiak fywl theouphtthe exighsioh&abxabpisan ayabdegertnl®dd éxtetsdineely small
lower-limt- controlled state is determ ned to be
amseumt btate it batisfiad imfherloper-kani-coanbdlidal stitar gkt otherosords Off the amount
refrigerant flow, the lower Iimt command value is
ofcefigeire dhatoacaud|Br filews iabugh thaexpaneion| wabwr (13)nint the lower-limit-
command val ue corrected using the opening degree. In
cantrellel staent hickspaet tofbetshallenthantancapprdpnatd overo] kargett amount of
conmand val ue corrected 15 using the opening degree
refrigecnt flos, doke fyairinio camswesd| elusy &l ererectefl ta & &rgerdvalue than the
condition in which the refrigerant flow through the
lowzplamgicommendwalug Tajreéted igingtheropdeing dagmed
excessively |l arge amount state is satisfied in the
| oweln therelevesthnaspedt|of dhe irvertion, theotowsr limib pefamand vehie corrected
amount of refrigerant that actually flows through the
usingpiha sipening alegree(ig Iprrpgied vain |towesmallenivelugoiit# egdomd condition in
state is determned to be |arger than the appropriate )
whightthe | refrigerant daw dhoueh bt e@rpsigerahe {1%0ws ihe predetermined
lower limt conmmand value is corrected to a smaller
exgessivelyt lasge emeuntotige if isafisfied darthmdowertlinaiteentreliqdegfate. In other
usi ng the opening degree. In the twelfth aspect of the .
W@rﬁspégthe@\moqnf oprefyiganant dhatiagwally Sewis thigneh Sesappamioneyalve (13) in
startup of the refri (t;erati on apparatus (10), the

th%&@ﬁ;rﬂ@nid@gpt@@le@egt@tgtipd}fp f’é'ﬁ’é‘?@t tophe ilayger than ‘the “appropriate control

target amount of refrigerant flow, the lower limit command value is corrected to a smaller
value than the lower limit command value corrected using the opening degree.

In the twelfth aspect of the invention, if a predetermined condition is satisfied at
startup of the refrigeration apparatus (10), the opening degree detection operation is
performed. If the predetermined condition is not satisfied at startup of the refrigeration
apparatus (10), the opening degree detection operation is skipped.

In the thirteenth aspect of the invention, the difference between the lower limit

command value previously set in the valve control means (33) and the corrected lower
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performed. |f the predeterm ned condition is not
satisfied at startup of the refrigeration 25
apparatus (10), the opening degree detection operation
is skipped. In the thirteenth aspect of the invention,
the difference between the lower limt commuand val ue
previously set in the valve control neans (33) and the
limgroopunad vaueis Qoreliasi ¢ caomwhandaltel ine ihe memogdpas (35).  If the
correction value into the menory part (35). If the
opspingi degrde glebmtidet epetdtion BGpeotpedormesl aptstapmpf of nieel refrigeration
startup of the refrigeration apparatus (10), the
apgpewers (1i0hi the dowemtichity edrumand velmerie coerdetad iusmgt the correction value
correction value stored in the nenory part (35). 5
steed BOhS nGmobARatt KBANTI ON According to the present
i nvention, since an opening degree, which is an
EBRGTHQF T NENONe f or use in changing the
expansi on valve (13) fromclosed to open state, is
det eécedtdmgdottheprsgs nsiention,alince ahldening degreer whiohds an opening
usi ng the detected opening degree, an opening
caghagrslctabys for use of chiahging Ypaerpiaosion ablve ([3)JFom slosed to open state, is
refl ected in the control on the 10 expansion val ve
detery. andrthe ekpansisorwabie ([ Beiscwontroldéd esing thdi detedteal opening degree, an
expansi on valves (13) is carried out in consideration
ORSRINg| ¢Hagacanistie dfe angien wabea(13@xpaeBéated vmlthesontrol on the
(13). Therefore, differences between individua
expansimsYaYe (18)veln ¢the)wands, thefcpriselan individvel expansion velves (13) is
refrigerant flow through individual expansion valves
caprieg) oulnie cenpjderation phitfasenses dletwrsnnipdeadial expansidmnalves (13).
val ve (13) can be optim zed. 15 According to the
Thegedonge datherenges r bptwegre éndividpalt expansioe rialvss, (13) are reflected in the
erformng the_ openi ng degree detection operation,
Qat pf gHrigeraat Bewsthrpuah dadivisaal exnangien aelven (E3)c vdieraby the flow
coq;tant. I f the high-side pressure of the
copiel ysyigraeh srpanyien yalye (B3)sar bagpimized prior to the
openi gﬁ%égtegree detection qperation, the high-side ]
pres® 188 P e tsheendpand Hirdgaspedts of dbe dayengian, in performing the

oper ati on |.d change according to the operatin . _
PRl Qe IeCHiEn oRer D 96 HghSdeatiaEreopt o rofagbration cyele is

the .co nser, .and the refrigerant pressure acting on,
COPSR%N- eﬂ“gg?]@igﬁﬁl@é}f%ﬂéuie1°§)tﬁ%xeg%g%tﬂngcyef?aﬁ@fe nat:%fbv%?fh@rwr to the

to the operating conditiagns,. Therefore, he degree of
opkiing, dEeR ddeaiaf frerion, TS bigh S e prostise wing JoR opening degree

hange of .t he expansi on . . o
defetfie operation wotlh clﬂange according to the operating conditions, such as the

temperature of air fed to the condenser, and the refrigerant pressure acting on the
expansion valve (13) also would change according to the operating conditions. Therefore,
the degree of change in state of low-pressure refrigerant upon change of the expansion
valve (13) to the open state would vary depending upon the operating conditions, which
would make it difficult to accurately detect the opening degree. In contrast, in the second
and third aspects of the invention, since the high-side pressure of the refrigeration cycle is
constant in performing the opening degree detection operation, the refrigerant pressure

acting on the expansion valve (13) is constant independent of the operating conditions.
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valve (13) to the open state would vary dependi ng upon
the operating conditions, which would make it
difficult to accurately detecto the opening degree. In
contrast, in the second 25 and third aspects of the
i nvention, since the high-side pressure of the
refrigeration cycle is constant in performng the
Thgrefore) gheldggree o ehagel ianstatp exf dowepresstifeerefriderary apantchange of the
pressure acting on the expansion valve (13) is
expansiba mhlve e rthke npenodtate e nopdspatdang upanthetaperasing tonditions but
Therefore, the degree of change in state of
comstenp vdsduprevides an greneant datpuionof drgepeaingtdegreeexpansi on
valve (13) to the open state is not dependent upon the
oper at ithgy faupthdaspeand thetinventost thatvalushofgireuoey cldagingnfaster than
accurate detection of the opening degree. In the
tefmperatire asyeed tto détetthibe openary degree. t Hheneddraghobpgrimsdepgree detection
changing faster than 5 tenperature is used to detect
opdrgiangen ibegoniplptelewitiiharelatvey shdretimpeni ng degr ee
detection operation can be conpleted within a
r el atAoceldings torthe tsevanth Aspet dofnthet mviehigors esigoet theasperihg degree
of the invention, since the opening degree detection
deteciios ni3Rs (34 R4 canreetsttbe ower limieronianid vahemsingithe apereing degree,
usi ng the openi ng degree, an opening characteristic
ampfoptiing ahprntsristc wilthe ekpd)sidns valee | (@3} éd réflectedein dwelower limit
l[imt 10 conmand value. If the opening of the
carpamd i ey al fethel 8perohg aofc thev enpansival valvef ¢lidgeofatai ennventional
apparatus (10) w thout correction of the lower limt
refganatiog apphiaarsi($0)swhithique dorrection o steertpiver, limis camwiagd value is shifted,
position with respect to an input opening conmrand
foy examaple; e a wiger powitign pridbrespachy apdoput. opghing edremand value, the
degree of superheat of refrigerant sucked in the )
followingerreblem may openrd e When shaidesssacef supethpat afxpligstaphsucked in the
valve (13).is throttled to an extent that 15 the
cypreptsag(1d d ndastraged, geeryié tharapapsien vayef13) isihrottledito an extent that
actual opening of the expansion_ valve (13) does not _
the ORENNE 5O talpedsahes the lopgelimibdbs agual |qpepigg of the expansion
refrigerant flow through. the

Vf’g;%éﬁg }ig‘?eﬁ @?féngelfaﬁl (a%]:?jipff‘é%do?ﬁggroﬂ Eef3OPERBS ¢ Whis case, the amount of
re?‘pl‘g‘%’g Eﬁ‘g‘t’ %ﬁ%%@%ﬁ%‘eﬁu i ‘feer ?1%2} t{eé%’%vﬁ% g%&fﬁt thap ke @ppropriate
st o g7 HEPRRT DO PR TTRIGE: T RIFBOREM e e P aGeE sucked in
o O % SR AR B G A0 s,

coqmnd }/aHhe and the lower.limt conmand val ue i.s a
se\yg},}@spec 8)

¢ invention, the opening characteristic of the expansion valve (13) is
reflected in the lower limit command value and the lower limit command value is a value

for which differences between individual expansion valves (13) are taken into
consideration. Therefore, when the degree of superheat of refrigerant sucked in the
compressor (11) decreases, the expansion valve (13) can be throttled down to the expected
control target opening or an opening near to this. This prevents that the amount of
refrigerant flow through the expansion valve (13) becomes larger than the appropriate

amount of refrigerant flow. Hence, it can be prevented that the refrigerant sucked in the
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for which differences between individual expansion
valves (13) are taken into consideration. Therefore,
when the degree of superheat of refrigerant sucked in
the conpressor (11) decreases, the expansion valve
(13) can be throttled down to the expected 25 contro
target opening or an opening near to this. This
cqigressot 6110 Hals ihfoen aeDdmte betause erdxpenisio vAlvo 3h kg be throttled
t he expansi on valve (13) becones |arger than the
toxhpeaRkciediopeniagount of refrigerant flow Hence, it can
be prevented that the refrigerant sucked in the 11
conpressling thkhe hiatd Sspeditod ke eEnthafist, Freauseridimt of refrigerant
expansi on val ve (13) cannot be throttled to the
thax perailad flows nhiaggh Aec expdinkign hvalveh@ 3nimthe Rswedimittorthedled state,
invention, first, fromthe anount of refrigerant that
daeterimiAdtion fsl @ude bhrdiegier tthe 1@xgamsitodonvaknt v{lhd)cormecte ausing the
lower-limt-controlled state, 5 determ nation is nade
opdninghédghed istan@appptiate valid.  dhrnpifderdddue teajonecic@dthe lower limit
usi ng the opening degree is an appropriate val ue.
coriind vilud éecterbcted dRinC oMhertsd, the hewtroiit cotrifidnd value corrected
command value is corrected again. Therefore, the | ower
udingritie @penimgrideiealdis beabrrectd th a wsiragppropristpemaluegwhereby the flow
degree can be corrected to a nore appropriate val ue,
contret @bingtthe ekpamsioncvahte (I3) us ithieg |dvee-lieni pesrafobled sedte ean be further
(13) in the lower-limt-controlled state can be
ofptumizbr 10 optim zed. According to the tenth aspect
of the invention, if the anount of refrigerant that
act uaidcyrdidgotesthenemhgaspedt of elip amzhtiom, ifl kheeargd @)t ofirefifigerant that
lower-limt-controlled state is determned to be
actwalyl 8ows Hbmwughehapppapidinavave by ol thalgedr-landgontraied state is
refrigerant flow, the Ilower limt conmand value is
detemrieet wdetsmadler thag ehe appropiatcheomtiohtarged weount ofi refrigerant flow, the
command 15 val ue corrected using the opening degree.
lowee digfib pemmiand vhlue [ipwerredi¢chia a dageravadues tiandbe dwverdiomis ¢ommand
usi ng the opening degree is snaller than the
valpp eoprtest esingathgegpenmecdegrase  Thppsfarsi ifdhelpwes lintie command value
appropriate value. According to the el eventh aspect of
cqrpstadnyang ithe opering hdegsgeo imsmalierr Bp | e ranpronrisse value, it can be
actually flows through the expansion valve (13) in the
aprRematedip theapnrqpsieies@lut ate is 20 determined to be

| arger than the approgriate control,tan?et anmount of
r ef r AgepIaHRS 10| thGeleyenth aspect of the invention, if the amount of refrigerant that

actually flows through the expansion valve (13) in the lower-limit-controlled state is
determined to be larger than the appropriate control target amount of refrigerant flow, the
lower limit command value is corrected to a smaller value than the lower limit command
value corrected using the opening degree. Therefore, if the lower limit command value
corrected using the opening degree is larger than the appropriate value, it can be
approximated to the appropriate value.

According to the twelfth aspect of the invention, whether or not to carry out the
opening degree detection operation is determined based on whether or not the

predetermined condition is satisfied at startup of the refrigeration apparatus (10).
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lower Iimt command value is corrected to a smaller

value than the lower Iimt command value corrected

usi ng the opening degree. Tharefore, if the | ower

limt command val ue corrected using the opening

degree is larger than the appropriate value, it can be

approximated to the appropriate value. 25 According to
Thdreforepitl dahtbegs pentedahattthe openieniégoee dartatioheperationdd cdrded out at

carry out the opening degree detection operation is
evdet smrupm efl theareédpesationtepphetusil Onadd, ttinrefops, édakey lungadne to start

condition is satisfied at startup of the refrigeration
thappanatopsratid®) . 12 Therefore, it can be prevented

that the openi ng degree detection operation is carried

out accordirgy §o shicathirtepnthf aspba ofethe iigemabn oeveapifahatopening degree

(10) and, therefore, it takes long tine to start the
detetionlopaptomis mn perfaroexddit sgrtt of the refhigetadembppaastpe Cit0), the lower

of the invention, even if the opening degree 5

lidétconimand vajueraitoroattddsusingt thp eortentioe dalat swvad inthe ofentdme part (35).

refrigeration apparatus (10), the lower I|imt command
Theatfoee, esercid theesteanhgueipreg detretiaoopeeatiandm notdameedsouwrag startup of the
in the nenory part (35). Therefore, even if the
refqgenition  smraves E)eahi epenoygeclkmraceristis ofothecewpangidn owve (13) is
at startup of the refrigeration apparatus (10), an
reflpeted nythe haw erclimit icemintand fvatuecwbsnplan thedtow abmeo] (uEBie the expansion
reflected in the lower limt conmand val ue, whereby
valve(18) can kroepttmokzedisi ng t he expansi on 10 val ve (13)
can be optim zed. BRI EF DESCRI PTI ON OF DRAWNGS [ FI G
1] FIG 1 is a schematic bl ock diagramof a
refrigeration apparatus according to an enbodi nent of

BREFF PESCRAPTION S PBAWINGS FI G 2] FIG 2 is a
| ongi tudi nal cross-sectional view of an expansion
[Rig| UleFliGh tine sghenatic klaplodiageam obe refrigesstien @pparatus according to an
invention. [FIG3] FIG3 is a graph showing the flow
e@bﬁh@é@@‘fﬁh‘wr@%@%ﬂlﬁ&%m on val ves for the above
odi nent. of the present invention. FI G4] FIG_4.is
[Fth %ﬂb‘f 16 s i lgpeitushipgl crosgisectionangay agfé@n vplvg in the above
vaI ve control 20 section in the above enbodi nent of
erpppdipgerisd the PrRvRRHINVERLion.
[FIG 3] FIG. 3 is a graph showing the flow characteristics of expansion valves for the
above embodiment of the present invention.
[FIG. 4] FIG. 4 is a table showing lower limit command values set in a valve control
section in the above embodiment of the present invention.
{[FIG 5] FIG. 5 is a flow chart showing the flow of an opening degree detection operation
and a first correction operation in the refrigeration apparatus according to the above
embodiment of the present invention.
[FIG. 6] FIG. 6 is a flow chart showing the flow of a second correction operation in the
refrigeration apparatus according to the above embodiment of the present invention.

[FIG. 7] FIG. 7 is a schematic block diagram of a refrigeration apparatus according to a

modification of the above embodiment of the present invention.
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[FIG5] FIG 5 is a flow chart showi ng the flow of an
openi ng degree detection operation and a first
correction operation in the nefrigeration apparatus
according to the above enbodi nent of the present
invention. [FIG 6] FIG 6 is a flow chart show ng the
flow of a second correction operation in the 25
LISgfOF BEFERENTCENDAMBRAS.Saccordi ng to the above
enbodi nent of the present invention. [FIG 7] FIG 7
i s al@chenefrigeratibeappaditagr am of a refrigeration
apparatus according to a nodification of the above
enmbodi mentcomiprdsks present invention. 13 LIST OF
REFERENCE NUMERALS 10 refrigeration apparatus 11
conpiZssorexfenatkttfcRellangeat exchanger 5 13 expansi on
val ve 14 internal heat exchanger 20 refrigerant
circudt 2kxpadstnalvef an 22 internal fan 10 30
controller 31 conpressor control section 32 fan
cont 14! se&atkimahhda0peshangerdegr ee det ection neans) 33
val ve control section (valve control neans) 34 control
openkihg caefrigetanoeircuitct i on (openi ng degree detection
nmeans) 15 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON An
enbodl nentextindl fen present i nvention will be descri bed
below in detail with reference to the drawi ngs. This
enbod? nentintemabhfanef ri ger ati on apparatus (10) according
to the present

30 controller

31 compressor control section

32 fan control section (opening degree detection means)

33 valve control section (valve control means)

34 control opening correction section (opening degree detection means)

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention will be described below in detail with
reference to the drawings.

This embodiment is a refrigeration apparatus (10) according to the present
invention. The refrigeration apparatus (10) of this embodiment is constituted as a
container refrigeration apparatus (10) for cooling the interior of a container. The
refrigeration apparatus (10) is configured so that the preset temperature in the interior of
the cold storage can be selected within a relatively wide temperature range (for example,
from -30°C to 46°C).

As shown in FIG. 1, the refrigeration apparatus (10) includes a refrigerant circuit
(20) charged with refrigerant. The refrigerant circuit (20) includes a compressor (11), an

external heat exchanger (12), an expansion valve (13) and an internal heat exchanger (14)
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20 invention. The refrigeration apparatus (10) of this
enbodi nent is constituted as a container
refrigeration apparatus (10) jfsor cooling the interior
of a container. The refrigeration apparatus (10) is
configured so that the preset tenperature in the
interior of the cold storage can be selected within a
alt ebatdcwd hevdinle Thepefrgbtine ciramge2(y @Ee@eamml &, vapbf @dmpression
-30C to 46C). 25 As shown in FIG 1, e refrigeration
refpgpdtihtScleB3) ciichltibg &f rafrisefant gefatbugh.rcuit  (20)
charged with refrigerant. The refrigerant circuit (20)
i ncl gHescangresspr q38)PMs (chhjtiturd, fextenample, wat high-pressure dome
exchanger (12), an expansion valve (13) and an
canmjredstal Theatischagb e theldbmpkdssof(1l]) saspnaedtedito the gas side of the
therein. The refrigerant circuit (20) operates in a
extapalrheaoeiehessr 012). r The bgtivatsidernfeletaniryssot () liatdnngeted to the
the refrigerant therethrough. The conpressor (11) is
gBGidetdf the idcbmdl beatexakamger (145 a hi gh- pressure done
conpressor. The discharge side of the conpressor (11)
I s cOhaesxt@dalt hedt hexchaszesi(2) o cbhwitutbd eb¢t ar craks-fimahd-tube heat
exchanger (12). The suction side of the conpressor
exchdnget. s Dvpaved tnear foctht beterrghicatieslehanbert (1€) indreextadnal fan (21) for
heat exchanger (14). The external heat exchanger (12)
feeding existrial wit ¢sltheyexsertal bes-ekchengad(12ub el Heaadternal heat exchanger (12)
exchanger. Di sposed near to the external heat
proxidba hep rexCHatige ibetveseneextarnal adir frahthe2&frigecant. fEexlliggd side of the
external air to the external heat exchanger (12). The
externarheal exvhangee k) angameéted jo the eppansicieslyedt).e XRisposge between
bet ween external air and the refrigerant. The liquid
thei eiterndl hdab exebangemn f12) hadt thexoipanger valh2) (1i3g is onreseived (15) for
to the expansion valve (13). D sposed between the
tempperitakccheaiatiog dhearefiigerqnt2) and the expansion val ve
(13) is a receiver (15) for tenporarily accunul ati ng
t he A&¢ rintpenadnheat Bxehanger (il isheenstityiedhdiyger crpggfinqagd-tube heat
constituted by a cross-fin-and-tube heat 15
exshatgghgdPispaed pesied theantemel hers exehasgera(l4hésen internal fan (22) for
exchanger (14) is an internal fan é22) for feedin
fepding inemalgir tq @etm@mahh@eﬁ warhanaer (18)c h“étrf:gleteneaib)eat fmbanger (14)
i nt ernal heat exchanger (14) provides heat exchang
Prouidgi bert ik elzangal besty sendiptsrmah airy & thg apfiigeranth el hg qué side of the
side of the internal heat exchanger (14) |s connect ed
infegnal ﬁ@at@*&lggqgﬁrcﬁ{ ),@pggnc(cg_eg)to the expansion valve (13).

The expansion valve (13) is constituted by an motor-operated expansion valve
variable in opening. The opening of the expansion valve (13) is adjusted according to
control pulses (an opening command value) of a pulse signal output by the later-described
valve control section (33). Details of the expansion valve (13) will be described later.

The refrigeration apparatus (10) includes a controller (30). The controller (30)
includes a compressor control section (31), a fan control section (32), a valve control
section (33) and a control opening correction section (34). Details of the controller (30)
will be described later.

The refrigeration apparatus (10) of this embodiment is provided also with a
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The expansion valve (13) is constituted by an
not or - oper at ed expansi on valve 20 variable in
openi ng. The opening of the expansion valve (13) is
adj usted according to control pulses (an opening
conmand val ue) of a pul se signal output by the
| at er - descri bed valve control section (33). Details
pRfalithef Q¥RARS | WpeMBALMB), (1 INe Wistharpe siRSEF iheesbmh@tbr (11) of the
The refrigeration apparatus (10) 1ncludes a controller
reffgekant ThiRuf Of20¥,04 | -£i3&9¥presisﬁ}‘é| HASST @33 QRNPSSET for detecting the
control section (31), a fan control section (32), a
pﬂé@dulfd%oi(iﬂi@hfp@éssur%%ﬁ%eidn@ BistiPgedft6mahé eftapRks@IELY. N@n the other
correction section (34). Details of the controller
hdn3Dat thavbuckioR 8idd @F eel doRthrésab(l1), Ehew seferpresstirtdefddr (24) is disposed
apparatus (10) of this enbodinent is provided al so
foM detecting Bhe Pledduaé iof Yowlprésein® O frigeRii GefnigCalcked irdd thé@ompressor
di scharge side of the conpressor (11) OF t he
(Inef rTigaheitiredivaiii bf (heRlgh-ddOp@bsuse sEAsH (28 Patideths B8 8Ide pressure
(23) is disposed for detecting the pressure of
sdhb@2 Py £6 Qeteered of gduge pasturei scharged from the
conpressor (11). On the other hand, at the suction
si de Anfthé beirmeepidessake (nldnal leat exvhangle (P4esesuing as an evaporator,
sensor (24) is disposed 5 for detecting the pressure
aiDéntta0ve RapSRItNre selbf (19 ivdibpdded fg deuekag tHentmpéttire of refrigerant
conpressor (11). The neasured val ues of the high-side
flpwing Sotoeths amsmial héhd exetivaigém@4). ovos itlteotheclsaidl at theamstaside of the
(24) are detected in gauge pressure. At the entrance
insarnke hehit éxdeharget €rd)adn bdatengecdtae gensof 120) is dispbsegl fas datecting the
evaporator, an entrance tenperature sensor (25) is
tedipspore df refrigerahefiowimg dub ef tlenmperad heat ofchargfer ( yBr affurthermore,
10 flowng into the internal heat exchanger (14). On
int the vatihigy ol dimdl interhalt Invmt ex¢ltangerdd 4nfa suntion nempemturt sensor (27) is
exchanger (14), an exit tenperature sensor (26) is
digpaspd mdnéasnriniethedemperatuneof die fpwing towardsfthe afternglelean exchanger
flowi ng out of the internal heat exchanger (14).
(1B)ur t Hermensured viahies hbtheseciensdry (232 T)hee inptistorthé¢ congeatler (30).
exchanger (14), a suction tenperature sensor (27) is
- &T&EG?EH(B F&ﬁé’dﬁﬂ%"ﬂlﬁé’ﬁen‘perat ure of air flowng
towards the internal heat exchanger 15 514) . The i
meas bhegxpansipasvabte (I3e o8 the rrfdgeragiogrenit) (28} & 3 dpeet-acgng motor-
the controller (30). - STRUCTURE OF EXPANSI ON VALVE .
operrsech e BMSIN velyey e Herg) thef exreasipef valvyte(hhh will r bgijdescribed with
20) is_a direct-acting notor-
reference to FIG. 2.

In the expansion valve (13), a pulse motor (75) is constituted by: a solenoid (72) as
a stator placed on the outer periphery of a cylindrical motor casing (71); and a rotor (73)
placed in the casing (71) and having a magnet (74) mounted thereon. The expansion
valve (13) is configured to move up and down a needle (76), at the distal end of which a
valve element (76a) is formed, according to the rotation of the rotor (73).

The rotor (73) includes a cylindrical bush (77) and the magnet (74) mounted on the
outer periphery of the bush (77). The bush (77) has a hole (77a) formed along its rotation

axis to open downward. The hole (77a) is internally screw-threaded to form an internal



10

15

20

25

oper at ed expansi on val ve. Here, the expansion valve
(13) will be described with reference to FIG 2. 20
In the expansion valve (13), @& pulse notor (75) is
constituted by: a solenoid (72) as a stator placed on
the outer periphery of a cylindrical notor casing
(71); and a rotor (73) placed in the casing (71) and

sci@w.i N@ the MRENELT7af, 7 needlat(@e) ishexedost. thd h? enpanshorotor (73) and
valve (13) is configured to nove up and down a needl e

dispded taéxtéddedodinsizadl. end of which a val ve el enent
(76a) is fornmed, according to the rotation of the
I ot OIThE fdgtor 2asidd1€71) Ak Mioun¥ed) ati the Ibades Ategydliyngd 4 @8lumnar valve
bush (77) and the nmagnet (74) nounted on the outer

baBr (7Rherly thé valke bade i78)/ o hdlbe (1845 MSH) 7af¢ férasedeorth@lgenally across
(77a) fornmed along 1ts rotation axis to open

eath wWiligrad. flob ehdidleR thdt’&eni I5tetallyedndaddwhvead eWThd K glad @ddy (78) is
to forman internal 16 screw. In the hole (77a), the

joireddb dirft Aoy seSonld sREs €19, Blecdndusibated orithitBe hole®(78al IBb) to form
and disposed to extend downward. The notor casing

fifsVdnd sesombpipt didea{85 BE), Bbé@iveiynt he Abley(7819) @wnaedtedivathe second
valve body (78). In the valve body (78), two hol es

jofnt 880) 17 Bisgrnaltyeprooides evithra wxdaaseal (8Y) At sesing the efdediclement (76a).
ot her as flow channels that open laterally and
downvathe. valechbodg! (V8), bddle ((88)is ako jffainieddo tertehd mptvamifiiom the hole
second joints (79, 80) communicated with the hol es

(788 Bprovided )wittotheoratwe dear 8t ).arblissased ad thzi top dfithesal¢8body (78) is a
86), respectively. The hole (78b) connected to the

cdiadoesd merabert (8§28 QWonirsuriicdtet mathl shepmoeernad espave ©f the \haley €78c) and
seat (81) for seating the valve elenent (76a). In the

exteriding Wpwiard( 78)e oatehpempleBo) thescylindical omemelebr t(82)eis tfored into a
upward fromthe hole 10 (78b) provided with the valve

scseya end g19w-ebzaged vath the hpled 77gpn die tokor (V3L v hbsydipot 78ation of the
is a cylindrical menber é82) conmuni cated with the

rotart(é3)a shte xterc@3 bmovbeupene dgwaeylativito @gtvehdibagy (78) fixed to the
upward. The outer periphery of the cylindrical nenber

mp@pyasing (/d)ned into a screw and screw engaged with
the hole (77a) in the rotor (73). Thus, upon rotation
of t Hetheigferer ¢fby cylindsicalonenber8s), ﬂwm@dl@;ﬁ?@)rﬂa dtmﬁﬁd to extend
relative to the_valve body (78) fixed to the

dovensyasg i the) hole ma) é’VlFlhtt% tapoendofixednie e |rptes (73aa| Thé ﬁiﬁ%(ﬂe (76) is

(82), the needle 2 s di sposed to extend
inserted ‘also 1n the hole (780) of the valve body (78) communicated with the internal space

of the cylindrical member (82). The valve element (76a) at the lower end of the needle
(76) is opposed, at a location where the holes (78a, 78b) in the valve body (78) cross each
other (i.e., a connecting part (87)), to the valve seat (81) provided in the valve body (78).
Thus, upon upward and downward movement of the rotor (73) as described above, the
needle (76) accordingly moves up and down in the cylindrical member (82) and in the hole
(78¢c) of the valve body (78). With this movement, the valve element (76a) at the lower
end of the needle (76) moves up and down relative to the valve seat (81) (i.e., moves in the
longitudinal direction of the second pipe line), thereby opening and closing the expansion

valve (13).
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downward in the hole (77a) with its top end fixed to
the rotor (73). The needle (76) is inserted also in
the hole (78c) of the valve hgdy (78) comuni cated
with the internal space of the cylindrical nenber
(82). The valve elenent (76a) at the |ower end of the
needle 20 (76) is opposed, at a |location where the
hol eix?ﬁ&&m v8bds (1B)t{oe ueali ahdoekyigbrafipn prﬁ@ﬁtu@a((lb) are products
other (i.e., a connecting part (87)), to the valve
hgedd a (Ekim@haMinttee of Bofithd puddey €EVPEY EV7 Bax (fdhesampl YV _max =
upward and downward novenent of the rotor (73) as
20085.cr AbeHowb ax EEIG Be thede gadducts/Bgveaditforedi Miahy clim@y@sridties, which
and down in the cylindrical nmenber (82) and in the
sHoel the réldB860shif bdtieerv e vRindbeelyf otfijol p\liseN(BV gnd the amount of flow
nmovenent, the valve elenent (76a) at the | ower 25 end
thedughhthen egsiinsiof 7@RIlveqYES wipyiag dirlaweachebdier weithin theerange from
val ve seat (81) (i.e., noves in the |ongitudinal
Chara@etidtien igé A hreChaeaadstiki ae IJ. naharddaeisab\LimpAnind@ates the flow
and closing the expansion valve (13). 17 Expansion
chagdcteeiti€ bB)anfexpansten valvé B )rwhdse ghyvatitons drpansinisn among these
(10) are products having a maxi mum nunber of control
pipdbaes ClvictaistieE\LinaB {ndioates xhedlosy, clavamaristic of 200&pansion valve
As shown in FIG 3, these products have different flow
(IGhawhasd Ebivsiatec s, avettge moigahedehgrodwdtat | Cresdutgrisiethine C indicates
t he nunber of control pulses (EV) and the anount of
thelflow Ehardutarisgb of he erpemainaivalve(dB ) eh¢seIF)aw vae ¥ thg nfinonem among
each other within the range from Characteristic Line
thése pro@hets.aciarthedei prodiiote ti2 aShmed chrgei ¢t individuak vaxiations between
indicates the flow characteristic of an expansion
diffatene exgadyionhabes fil openisg degree (Eé_Inhax), whitlamothg mundse of control
products. Characteristic Line B indicates the flow
pabesr(EdY) dori 846 in aianging éhgpexmsinginn walved 13) fiGin ashepm statowo a closed
rate i s average anong these products. Characteristic
statenie fom EY_ddimd4) polseheor exmmpdt & \adilan(ets 60 BY_Llim(C) pulses
expansi on val ve (1312 whose flow rate is the mininum
(fenexagple, FAS &-lim(6d &7ck59). Fbhe stansdord of thel lowsrater Heeagls sxpaagion valve
range of individual variations between different L
(18X jsaletarmined a5 Wesamaonng pEAP W ghateqfrie dulyEvpan positionwarera ¢epdition in
t he nunber of control pulses ( for use in changi ngn_
which the pagsst svmpestyes n1the inkgior o the epldsstarage tip rglatively high (for
closed state, is fromEV LIim A pulses (for exanple,
exagple. BA{@) = 50) to EV LIin(C) pul ses 15 (for exanpl e,
EV LIim(C = 150). The standard of the flow rate of
- @RERAL M nsi on val ve

A cooling operation for cooling the interior of the cold storage in the container is
described as an operation of the refrigeration apparatus (10) of this embodiment. The
cooling operation is a normal operation for adjusting the temperature of the interior of the
cold storage that is a space to be controlled. The cooling operation is started when the
compressor (11) is activated. In this case, the refrigerant circuit (20) operates in a
refrigeration cycle in which the external heat exchanger (12) acts as a condenser and the
internal heat exchanger (14) acts as an evaporator.

Specifically, the refrigerant discharged from the compressor (11) releases, in the
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(13) is determ ned as the anount of flow thereof in
fully-open position under a condition in which the
preset tenperature in the intgrior of the cold storage
is relatively high (for exanple, 30C). - OPERATI ON
20 A cooling operation for cooling the interior of the
cold storage in the container is described as an

cRBRRhéR exBhankbe (126] R 96 akicpihl 2RPRY 88diRndel O)ThRfrefdlefant having
enbodi nent. The cooling operation is a norma

cGHIBRRH I iANhé RkteRth] WAt HEhhmRr (BIPRI RN iaf prbfifre b% the expansion
interior of the cold storage that is a space to be

vaARO (1D drRthed 'owbORth NHe GRBFAT heNt &:@hSiRF (8. WigRhd BRernal heat
conpressor (11) is activated. In this case, 'the

eXcBhnded ¢ L ANtheCHetgsrint (4Rds RRETRLE tntbidaPaif 2o evaporate. On the other
refrigeration cycle in which the external hea

hadC R NAeMal 42 bodled By 8 iRcBRNEBERNRENARE (1 Meis fEd &S MRlcold storage.
heat exchanger (14)" acts as an evaporator.

ThP eghifdradl having &apbRtdd Behanhtefiab GBAT&RRardgeP M 4)NE sucked into the
conpressor (1 rel eases, in the 18 external heat

c@ﬂﬁ@@ﬁg@l})ﬁﬁ@%mﬁg@tgdmr@ﬁternal air to condense. The
refrigerant having condensed in the external heat

- ERBIFIGURATIOR) OF €O TROBUERN pressure by the expansion
valve (13) and then flows into the internal heat

exchaggRicr{bkd)predidusiy) ehd drdronal (305 acludel GhangREssorldontrol section
the refrigerant takes heat frominternal air to

(3aY,ap datodntréN sédfien OBREI a Yah@nebntitol &ettidre (3B arl & control opening
cooled by the internal heat exchanger (14) is fed into

cdrivetiGiobdttish 34 0e The Vh®e keiittd] Gestimt (3BRYINGruesaPall v eshtrol means.
in the internal heat exchanger (14) is sucked into the

Thormtrebsgehirglchyreatish sotip €815 echstif@ésinbpening degree detection means.
CONFI GURATI ON OF CONTROLLER As descri bed previously,
t he Speatificdllyeithe 36hpressdruskdtron seatvnr H$06 @afigted to control the
section 10 (31), a fan control section (32), a valve

opemating aonditioh iof the( @)pressdr @ 1% orfioraxamplnilegonpeéss@CEdntidl section
section (34). The valve control section (33)

(3¢ p nertticlsithesormratlgveapeaityt oHthe meansessorT{ld) cobtinglthe measured value
openi ng correction section (34) constitutes an opening

(LEgy pbthedew sidei roessnreaassor S0 ¢o A posleteymintet desimdprabes or
control section (31) is configured to control the
oper db¢ frg contrdl secoon GR) iswnfigued és santrol 1) apefaing conditions of the
exanpl e, the conpressor control section

external fan (21) and the internal fan (22). The fan control section (32) controls the high-

side pressure in the refrigeration cycle by controlling the operating condition of the
external fan (21). Specifically, when the measured value (HPT) of the high-side pressure
sensor (23) exceeds a first high-side pressure reference value during operation of the
compressor (11), the fan control section (32) activates the external fan (21). On the other
hand, when the measured value (HPT) of the high-side pressure sensor (23) falls below a
second high-side pressure reference value, the fan control section (32) deactivates the
external fan (21). The fan control section (32) deactivates the external fan (21) also when
the compressor (11) is deactivated. These high-side pressure reference values are set at

higher values in the later-described warming-up and pump-down operations than in the
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15 (31) controls the operating capacity of the
conpressor (11) to bring the neasured value (LPT) of
the | ow side pressure sensor jg24) to a predetermn ned
desired value. The fan control section (32) is
configured to control the operating conditions of the
external fan(21) and the internal fan (22). The fan
n&eal 6drats@ct i on (32) controls the high- side pressure
in the refrigeration cycle by controlling the
oper ght ngaleo rRdhirdloBectibnt {38) 20 @xffignfedl tof @oftZdl) the opening of the
Specifically, when the neasured value (HPT) of the
expafdion IvabveP( By Sdiirthg 8RN E&UlIng2 3pergtisie € dFhed vhlve Sdontrol section (33)
hi gh-si de pressure reference val ue during operation of
pérftems GOsIPerRantortibl by ctdmoﬂmg erﬁ&éﬁhﬁ&eqha @Rpdndidh valve (13) to
activates the external fan ( e other hand,
biMethe [dagreaRA SUifeekkay @H)Sof(ﬂdﬁ'@erﬁft at bR dXiitdIT-the URernal heat exchanger
pressure sensor (23) falls below a second high-side
(18 es8 predeteahiieé desdredadegtre dftQpérddat ¢fontek @hpleestd)on Hoddver, when
deactivates the 25 external fan (21). The fan contro
theeddidotsd ¢Ade (BPAYtofvak elsigh-BRleepessurakerdsan (2P 1)eaclle8Oor exceeds a
when the conpressor (11) is deactivated. These
pleigemsinetbthiddd ghiside Hedseure neferenat uglae doe es@hplat 2100i ighgr the valve
values in the [ater-descri bed warm ng-up and punp-down
capel addtion$33)haarows thbepdfing o6 thwedxpaptomvaloa (13)ey ¥ pradetermined
control section (33) is configured to control the
deppeniinpreferenbe to ek awirionat cahtvae, (d Igdude rthedughhdde pressure of the
cooling operation. The valve control section (33)
refiegeratiomeyalesuper heat control by controlling the
openi ng of the expansion valve (13) to 5 bring the
degr &oref syeofferligain (thH)supérheaf comgenlanbe atalteheorixolt sedtion (33)
the internal heat exchanger (14) to a predeterm ned
deesiinesdhelegmber affcostplepiieatEV) ¢ approavhlthe dégye of superheat (SH) of
However, when the detected value (HPT) of the
reffiiigghang iatidie px it ©f theanteand beat ¢2d)angerdd hew the desired ddgrea of superheat,
predeterm ned third high-side pressure reference val ue
ardf orpwx ampplss, sigeb copespd of itke detbvmined pumbel ofswwotrpbpulses (EV) to
(33) narrows the opening of the expansion valve (13)
b pulse praserot ) pf Fecxprsigyaes (i3 phers tendegreaot perhat (SH) of
superheat control, to reduce the high-side pressure of
refipgerant @f thegerbof Siv iajeenal hembmhsm%i‘i)clalabyve ithf: dmred degree of
super heat control, the valve control section
Swahéatmh@é@mewenﬁalnsﬁéﬁaorb@% BIsreasts the pg@ber(céwntr@l pulses (EV). On

approach the degree of superheat (SH) of
the other hand, when the degree of superheat (SH) of refrlgerant at the exit of the internal

heat exchanger (14) is below the desired degree of superheat, the valve control section (33)
decreases the number of control pulses (EV).

In the valve control section (33), as shown in FIG. 4, lower limit command values
(EVL), which are lower limits of the number of control pulses, are previously set according
to measured values (RS) of the suction temperature sensor (27) that are operating
conditions. The lower limit command values (EVL) are set, one within each temperature
range of measured values (RS) of the suction temperature sensor (27). Furthermore, the

lower limit command values (EVL) are set to be greater as the measured value (RS) of the
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refrigerant at the exit of the internal heat exchanger
(14) to the desired degree of superheat, 15 and

out puts a pul se signal conposgd of the detern ned
nunber of control pulses (EV) to the pulse notor (75)
of the expansion valve (13). Wen the degree of
superheat (SH) of refrigerant at the exit of the

sucibe ichAderNBR scRXGFTAMORErchded) THe *BOY Qokthf sé&fr’ @9) determines the
degree of superheat, the valve control section (33)

nhfberes¥S &sntioN HuieSPEY) GfitiiR hé @angRUireRSthé E¥kver it EHBmand value
ot her hand, when the degree of superheat (SH) of

(BeLy to9Re #Hdfve AentiBBe®rikinfim VAl (BW ahatgl 20 heat
exchanger (14) is below the desired degree of

supe e alontrblnGperidlgVéhrie@ b @&ctﬁ%whpﬁ doBBpured @6 PRABAR an opening
t he nunber of control pulses ( . I'n the valve

d€2ed dedbctiDB Gpbfiof 3Blete@gStheWhovetimétioned opérﬁﬂgfﬂeéﬂt:ég'(EV_Llim), a
e

command val ues (EVL), which are lower limts of

fil ¥BRECtRh §ieftiodl offteetng 8leCloel Vinfit! SdMmeRd vake QEVI)dusing the
to neasured values (RS) of the suction tenperature

deeqsdbpdndg) ddghatt (FM @.lippehd i B&on® c6@8diohiopBatior BE correcting again
| ower }lJi mt comand values (EVL) are set, one within

tiRaeWet HCEGRhMAR] VAIRBIEVDS) drhasied e tNa kg cotBSor0bpdritton. The
suction tenperature sensor (27). Furthernore, the

comil bpdriifg EorERHDRBELtOA!(BSpetiorh] R dpesdly defreb@e@trad 6peration at
as the neasured value (RS) of the 20 suction

staenpef the wefRigeatisn apfataths (1)) &ristBen pdidfigmsahy @irgt @bire@lon operation
section (33) determnes the nunber of control pulses

jusEftemitich bpertifie degure eddtecdiont dyerdtivaer Futthérinegnmbencbntrol opening
value (EVL) to the above-nentioned maxi num val ue (EV

coreecjion Teeti@oii34)operfpeni thg swoné corectige operatiof Iringsthe cooling
configured to performan opening 5 degree detection

opppaicmt | dn thé filst eotrecipnt beerathoy e wemédtonedalopdBEivngd)) for use in
degree (EV_LIinm, a first correction operation of

caactieg thenlgweh Eimlittewmnmbndridlue govibnid calduleeed, EVth theisdcond correction
the detected opening degree (EV_LIim, and a second

opwatiome mpoonlygbe dowemnlinit omandt vahge BFELnbutt deo Kewegrection value
limt command value (EVL) corrected in the first

(B\oradBard emregppdr at i on. The control opening correction
section (34) perforns the opening degree detection
oper dihe orongrpl ppenjngraougctsin s¢rsioncBe) gevtedes om negmpenyapars (35) for
(10), and then perforns the first correction operation

stpjeg thgfooaectianevadypreth igdile g The mpmary PRGH3 Dpe carstivwfed as a memory
Furthernore, the control opening correction sectjion

capally of storipe e eareecten vlye (ﬁh@cx}- i diveaneneryipgr (38 issgnstituted by

t he cooling
a static random access memory (SRAM) that can hold stored data even after the
refrigeration apparatus (10) is powered off.
- OPERATIONS OF CONTROLLER -
Out of the operations of the controller (30), the opening degree detection operation
and the ﬁrst and second correction operations will be described below. The opening
degree detection operation and the first correction operation are performed in series and,

therefore, will be described together with reference to FIG. 5. Furthermore, in the

refrigeration apparatus (10), a warming-up operation and a pump-down operation are
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operation. In the first correction operation, a
correction value (EV adj) for use in correcting the
lower limt conmand value (EM1) is calculated. In the
second correction 15 operation, not only the | ower
limt command value (EVL) but also the correction
value (EV_adj) are corrected. The control opening
peformed] prist toetht openifBdygree detecties sperationg it srarip 68He refrigeration
for storing the correction value (EV_adj). The nenory
aprardtuy 86). | Thereftgt,i thet wamesg-ap newio pymp-cdapabbgeratfons are described
storing the correction value (EV adj). The nenory part
pfiGa) thesdesoriystidnt afttieclopppindMegreztdatecton apaatomraccess
menory (SRAM that can hold stored data even after the
r ef r iFgst, avheantheprefigerat®n( dgpprans OO ethriefifup, -in Step 1 (ST1), the
OPERATI ONS OF CONTROLLER Qut of the operations of the
canrilen(308 cafsddihe refrizecieniapgardeg (@) tdqieefotrh @anvarming-up operation.
operation and the first and second correction
Iropep dt(Bahy the tdmjressde saitrd eektioal (Bl acliveted frerdongpres@dr (11) and the
degree detection operation and the first correction
fampennarb] esctian d3peadtomtesdhe intemal &m @), Fhdreehoreg thewvdlive control
be described together with reference to FIG 5.
sdetion KEY) mmepeits 4 pulsbsignaleWhosgenatticonf appad pulsss (HYY) is apreset value
war m ng-up operation and a punp-down operation are 21
(foeekanpled 80p rpudsest do tthe eapasiong valegr(@d) detadptst ole opening of the
operation, at startup of the refrigeration apparatus
exXpeojion Fabee(fld). e, Moteevenaimihegeanteolled (3np faigwiimer, for example, 50-
operations are described prior to the description of
seched open ingartsslpineltateoedy with thpestivationof tie cempreatel 1).
the refrigeration apparatus (10) is started up, in
St ep In addintoy,, the Hen cantrodneation| (83) 3hE vowmirasup hperation controls the
refrigeration apparatus (10) to performa warm
agiiyatiert pushdeactivatemeqs the egpmp) fan @é) basedrassibe rde@gwgr ue (HPT) of
section (31) activates the conpressor (11) and the
thednglcoide moesswiectensy (€3p) Sweeifigallse vhenethe deteeted| valugp(HPT) of the
(22 Furthernore, the valve control section (3 )
hl@ tsmgeﬁum%&ors@éh grcegiios prodgiepained firstohgh-s1d emm:@@ée reference
E\/z preset value (for exanple, 800 pul ses) t
valpe fe&@ml%nl &OQW@) (hfanceniel sestion (32) @B%Yﬁt%gthﬁ)ﬁxﬁeﬁéﬂ fan (21).
10 ex anS| on valve (13). Miyreover, in the controlle

Oficty othar hrncy whenyfbe defebfed aselechHEP ). the Biabride pressure jsgnsor (23)
failg, gx%lfogrgg gllfﬂ Ptlf%?ﬁ?ieg lélg’clo}lld Vl;nlgthbmgig Sregsclfnls \rle%rlegge \(fj;lug Pfgr example, 1600
kPa), the fan control section (32) deactivates the external fan (21). In the warming-up
operation, the high-side pressure of the refrigeration cycle is adjusted within a fixed range
from the first high-side pressure reference value to the second high-side pressure reference
value. In this embodiment, the fan control section (32), which performs the above high-
side pressure control prior to the opening degree detection operation, constitutes an
opening degree detection means together with the control opening correction section (34).
In Step 2 (ST2), the controller (30) makes a first timer determination of
determining whether the first timer still counts. If the first timer has already counted up,

the controller (30) determines that the warming-up operation has terminated, resets the first
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In addition, the fan control section (33) in the
war m ng-up operation controls the activation and
deactivation of the external an (21) based on the
detected value (HPT) of the high-side pressure sensor
(23). Specifically, when the detected val ue (HPT) of
the 15 high-side pressure sensor (23) exceeds a
tipeesiel Bentaeds but Stkp Bi(GIM3RI dBn Heagbiitend oif elieefige timer still counts,
val ue (for exanple, 1800 kPa), the fan control section
the 3B trallek (3B trgfeatsiBReeX {ST)aintif Mo firdttjmer cBlintt Dp. ot her
hand, when the detected val ue (HPT) of the high-side
pr es $nlrSeeps @ NEan),( hd) contrallbss (303 | s the adfigeraionespparatus (10) to
second hi gh-side pressure reference value (for
p&@fanpd pump-@oan dpBationt hi $tap 3Q8MBY, ahe sed camrd] 38jtion (33) sets the
deactivates the external fan (21). In the warm ng-up
exfAngipe kalve O1B) tb Aefulty-glvsed statepindssiecendfimeh) €or example a 120-second
refrigeration cycle is adjusted within a fixed range
tile 3 ttaged.i r'Bife hirgh-dswe eperaties Us etarted droende pa@huef time when the
the second hi gh-side pressure reference value. In
expahsioe vhiodi( Nk cldsbd i epenitionl ofShe compressz)(11 Wi cohtinued from
perfornms the above high- side pressure control prior
teovdrivéngpe vpagticke griacthe pueptdown operatidid, ol campmssdrufl pis drlven
an opening degree detection neans together with the
withnhe etpaagienivalye 03 ¥ eosddp whemby inonrefrBreyant Fowisnntt ¢hp iRternal heat
(ST2), the controller (30) nmakes a first tinmer
exbhbrggeni( vt indnthe frefrigetant i thiengtended thhatr extchangler (b4) is ismelred into the
still counts. If the first tinmer has al ready counted
campressbhe1tont Futheemore3Gp thet pumpries/nt lopératibe like the warming-up
war m ng- up operation has term nated, resets the first
opxgation) ther faaradntrhlesection (3 Bsadjusts Btecpgly-sidSTByssw@nof the refrigeration
other hand, if the first timer still counts, the
cysbmivithinl the fig@Diange fromt the Sreshigh-¢i8T pyeseime referches valueto the second
timer counts up. In Step 3 (ST3), the controller (30)
highgilepresswrereferengevalué. onUacppqtdalfLS;e;( 3BT oStepd (B A has garried out.
punp- down operation. In Step 3 (ST3), the valve
cont folSteredt ($F)( 38 ceetraller H30) Snakepznseaond viimee detpgpination of
to a fully-closed state and a second tiner, for
deteranping W whethe- theceseeand ithegr, stilk counds.t el thvh@cgwu@%mhas already
operation is started fromthe _ point of tine when t
cpisdng, dhe %mtmélez {30) deferminescipat Mere&w%mowpafam%@ 0) must be
conpressor (11) is cont| nued from the warm ng-
1r¥?|8'é1|a'3¥| BepPefln Prassedsu tp-Sawd P atndo HTCQJF?élyc é‘i‘?ﬁ? é&% dﬁfrlgeratlon
driven w.th_the expansion val ve 3) cl.ose
Rm@rt@b Oho PRfths gdrnhand: ibhke F5e0RA tiMer | Sﬁllefroﬁé?s Héfa@or{twﬂef (30)
exchan ér) and the refrigerant in the internal
C%%Ft"“é ashé P)-(14) is sucked into the

In Step 5 (ST5), determination is made of whether the pump-down operation
should be terminated. If the measured value (LPT) of the low-side pressure sensor (24) is
equal to or lower than a predetermined first low-side pressure reference value (for example,
-55 kPa), the controller (30) determines that the pump-down operation should be
terminated, resets the second timer and then carries out Step 7 (ST7). On the other hand,
if the measured value (LPT) of the low-side pressure sensor (24) is neither equal to nor

lower than the predetermined first low-side pressure reference value, the controller (30)
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conpressor (11). Furthernore, in the punp-down
operation, |like the warm ng-up operation, the fan
control section (32) adjusts2ghe hi gh-side pressure of
the refrigeration cycle within the fixed range from
the first high-side pressure reference value to the
second high-side pressure reference value. Upon end
re0fmsStce Step 4 SBIN) abdl apakés (tBd 4pcdmd timer ide@roinatiol5 Taysum up, the
Step 4 (ST4), the controller (30) nmakes a second ti ner
reftifeeativnpphatus ¢10) cfethr embudigenttie trneguldrhyestsgrednahdni the measured
still counts. If the second tinmer has already counted
valys, (119 ofahé fow-bide pr&S)redensr 2 4jaseithtateattes nor falls below the first
refrigeration apparatus (10) nust be irregularly
lost-sipprdssups efeatts valueSefpe the(sBd@)d tamet dounwsgpl ar | y
stops the refrigeration apparatus (10). On the other
hand Wit Stepe7(SETo et dpemarg ddgirdd detentiohypetation odrihe obrtenl opening
(30) 20 carries out Step 5 (ST5). In Step 5 (ST5),
catetionTbersivn ¢3v)i of thedentafllenkid) seartst hin Brepd-(@3Vip the control opening
operation should be termnated. If the neasured val ue
carteBfIYn sdctibhd34)odeastidtepihe sompeessen@ld) ag@4)soi deactegies! the external
to or lower than a predeterm ned first |owside
fapr @35 uf ét ieferopamtonal Whe (dperation avfpthe, interb8l faRaj22)t isecontinued.
controller (30) determ nes that the punp-down
Fufrermoiepin Step (7 (3158 thS cortroti apehiag correstiinssection §¥0 anwgputs a pulse
timer and then carries out Step 7 (ST7). On the other
sipaah ohosé funber afeastiolauhlseal(B¥) (LPMedeermined ingtialsiale (for example,
pressure sensor (24) is neither equal to nor | ower
54 prales) e ther exgensionrivalee (13)rte tadjustathsi apenipg exf S expansion valve (13).
reference value, the controller (30) 23 returns to . .
Tistse heheediT4Y6)eofctherakpansion evalyigddAslighie maeves apni ke ingHal value is
To sumup, the refrigeration apparatus %10_ of this )
sebpbthdi lnwar limit (BV ddim(dy) of Sregspenedrnge of éndiuidyglr wgiations in the
val ue (LPT) of the | ow side pressure sensor (24)
ommer@grqee(é&’h d4im) betveen| differentgwpansior; Yalugs (1P Wpegeend of Step 7
ressure reference val ue before the second tiner
(ST3uribs cptrolspropeeds gp Steprd $575), i rhielpa ihisg tirsgy & example, a 20-
detecti on operation of the control opening correction
segend {UBAY, [S34tedf the control ler (30) starts. In Step 7

(ST sk (00D B 00RO oSSR i i e
U108 P TP, PBIST U e TGy, Lihe thicd timer sl
cquis: @g[q%gﬁgg@iegingﬁp%?rg%&ggﬁm 8"43 s%q%%‘ééﬁiy RS0 0 Step 10 (STLO)
and Step 11 (ST11). On the other hand, if the third timer has already counted up, the

control opening correction section (34) carries out Step 13 (ST13).

In Step 10 (ST10), the control opening correction section (34) calculates a low-side
pressure threshold value (Pjdg) for use in determining whether the expansion valve (13) is
open. The low-side pressure threshold value (Pjdg) is calculated using the following
Equation 1. Upon end of Step 10 (ST10), Step 11 (ST11) is carried out.

Equation 1: Pjdg = Ref(RS) x F

In Equation 1, Pjdg denotes a low-side pressure threshold value, RS denotes a measured
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10 signal whose nunber of control pulses (EV) is a
predetermned initial value (for exanple, 50 pul ses)
to the expansion valve (13) t@ adjust the opening of
t he expansion valve (13). Thus, the needle (76) of
t he expansion valve (13) slightly noves up. The
initial value is set at the lower limt (EV_LIin(A))
vatfic dfrike assiomeanpaatge sehsar 217)\eind Fedenutes b asfeyntacion (fohexample, F =
openi ng degree (EV_LIim between different expansion
0.9nl \Res deitSies tHepfuncidurd forfobBtisipng thed Sat(ialed) presshee cbrefrigdrant in use
proceeds to Step 8 (ST8), in which a third tinmer, for
frepiagplempemtiz®in gReqmesstiene Usingshs ataove ddjuation Sttbpp@ssure in which
(ST9), the control opening correction section (34)
theakifesy factdri is dakdnnizto thobedaturaied giressureodt tHe tnegamived nglue (RS) of the
whether the third tinmer still counts. If the third
suctiometengterdtlire seson{2y) it dteainedhas the kopeidk peessoe tieestiodd value.
section (34) sequentially carries out Step 10 (ST10)
20 aid Sfped (ST1( 5 ELddternfinatidneoperdtion (senodd opfratibe) tstperfprmed by
timer has already counted up, the control opening
deternmisiof i whetbarcthie oexpafsiyn calvei @3) dsitopSt,efhatl 5, (Wietlyr. reffgerant is
Step 10 (ST10), the control opening correction section '
pds8id} tmahgh ket epeasibowalye (83). plttsunestted eshel @ RIAlafghe low-side
(Pjdg) for use in determ ning whet her the expansi on
pressuvee s¢nka@) (24 is apeve tiEhkw-side preseurprtbssinld vahreeljdg)dl the control
value (Pjdg) is calculated using the following 25
openingt ¢arection gpctivne(id) aleteBpnayss 1hat( BT pansrepalye (1 3rislppen, and
is carried out. Equation 1. Pjdg = Ref(RS) x F In
caEgesatutdtiepl |2 KB} dePottbs other bends iifithe pnessengd evatugr(&Sf o of the low-
val ue, RS denotes a neasured 24 value of the suction )
siflepysenue sansors@Asisrequalty oahdlor the hew-sisle presawrstthreshald yplue (Pidg),
(for exanple, F = 0.5). Ref denotes the function for .
the ispaiireli apgning s oy aetinnatcelion 343 defeamines that thegapansion Yalyg gl 3) is not
fromthe tenperature in gage pressure. Using the above
opguiid rgrms totdhep PfEEYure in which the safety factor
is taken into the saturated pressure at the neasured
val uén 81eB) 1206 TRy the sorirql perigserastiancsesiaons i) dstertsi the current
obt ai ned as the | owside pressure thr shoISi val ue. In
nuspless af) cortnol 1pulsey df)efon ﬁ’ﬁt eIngpR raf Yookl 3) st difg opening degree
Qperation) is performed b et erm ni ng whether the
(Fe‘iri&éw- oﬂ)l‘@élFWEte@ PESNING d%%“eﬁ (EY Hem) i ,tegwé‘fﬂﬂ&swreg in the memory

P AR o555 150 8 DS RRERLOR B The penin
degree detection operation terminates with Step 12 (ST12), and the first correction
operation then starts with Step 16 (ST16).

In Step 13 (ST13), determination is made of whether the current number of control
pulses (EV) for the expansion valve (13) is below a predetermined upper limit (Hlim) (for
example, Hlim = 150 pulses). The upper limit (Hlim) is the upper limit of the assumed
range of individual variations. in opening degree (EV_Llim) between different expansion
valves.

If in Step 13 (ST13) the current number of control pulses (EV) is equal to or above

the upper limit (Hlim), the control opening correction section (34) carries out Step 14
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pressure sensor (24) is above the | ow side pressure

threshol d value (Pjdg), the control 10 opening

correction section (34) deterasines that the expansion

valve (13) is open, and carries out Step 12 (ST12).

On the other hand, if the nmeasured value (LPT) of the

| ow side pressure sensor (24) is equal to or bel ow

(ST@) landvamdgatey dRsepetinghdegsdeodeleotimhumpetdiodg) In Stepel4 (ST14), the
control opening correction section (34) determnes

cérial opérengxpradsioarsevtidnv@4) idkcts sharedlue opdre, upped limit (Hlim) as the
returns to Step 9 (ST9). 15 In Step 12 (ST12), the

opspittg degrepalEVh{lienr r bk i dutecselc bpating prede@BC tIdimhés temporarily
current nunber of control pulses (EV) for the

steredainsihe matabiyepdril 8)5)as i e opmiighdegleg detectiqrEvpdrhiior), . when the
The detected opening degree (EV_ LIin) is tenporarily

cwtent @dmber dheommirpulses (BV )Y readfe} thdpedetennined ufpapid2 (Hlim), the
(ST12), Step 16 (ST16) is carried out. The opening

extegsioe vdbedds) Bndagarindd orbd epen eiehd$ the mbassreapvdl@e (LPT) of the
(ST12), and the first correction 20 operation then

lost-gide preskurh sShsap (246 % $qhA)to drrbeBive phel Rw-Sdle pBJssure threshold value
determ nation is made of whether the current nunber of

(Rogit rol pulses (EV) for the expansion valve (13) is

bel ow a predeterm ned upper limt (Him (for

exam@rethe dthemhand,50irpStes 3 ST THethe ppeent number ¢fHdndol pslses (EV)
the upper Iimt of the assunmed range of individual

isvbelbwt thenpredeteopiand nippee dine hE\ednkrolopbeingeemnrection section (34)
different expansion 25 valves. If. in Step 13 (ST13)
detbrenives thetnthe repiresionoval eo(iB) ¢ nguies epen, Bxgceeds tocfitep 15 ¢ST15) and
or above the upper Iimt (Him, the control opening
theorewotsi torBtere8t(SER). ( Iu)Stepait § (FE1 DutheSwagollapepdng ¢@RLApn section
and term nates the opening degree detection operation.

(A4 paferpsiah qpETNg)incredse operoiion g’llrstdp@rﬂtwg) @ﬁﬁutmttlnguw the expansion
section (34) detects the value of the uuf [im

vilme (13) agulseignabgnmposed dleyymeberof controljpulses é‘i\d'épb@tn@d by adding
openln ree (EV.LITm is tenporarily stored in the

a pseset ya pgn(ng; e‘ogor elxamphe A J:@p'dwa de the pwsent dwmber of control
operation, the 5 current nunber of control puls

pylssy)(Evg Aerthe etiwélswé@bieém taadinghibe operipg of they %ﬁanﬂ%\éalve (13).
expansi on val ve (1 is determned to be qpen_even
AftgetheoRsning dneregsy @pe@m th¢ npggher <Pfdwn§fpld@1§ﬁ8e@§@%f a Pulse signal

ensor (24 |t bel t he |
o?tﬁptzg ﬁleg(qpe)ygyigf}gcer%gs% opel%ngl[l 1s the gﬂremg %er 0 contrgfpuslses (EV)

As described previously, the first correction operation starts with Step 16 (ST16).
In Step 16 (ST16), the control opening correction section (34) calculates a correction value
(EV _adj) for use in correcting the lower limit command value (EVL). The correction
value (EV_adj) is calculated using the following Equation 2.

Equation 2: EV_ad) = EV_LlIim - EV_ave
In Equation 2, EV_adj denotes a correction value and EV_ave denotes an assumed value of
the opening degree (EV Llim) of the expansion valve (13) used in the refrigeration
apparatus (10) (for example, EV _ave = 100). The assumed value used in this

embodiment is the average between the upper and lower limits of the assumed range of
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(Pjdg). On the other hand, if in Step 13 (ST13) the

current nunber of control pulses (EV) 10 is below the
predeterm ned upper limt, tha control opening

correction section (34) determ nes that the expansion

valve (13) is not yet open, proceeds to Step 15 (ST15)

and then returns to Step 8 (ST8). In Step 15 (ST1H),
irtdimédwcad narietiomspianepegingodegeddt (KW Idan) betwveed ferpar éxpansion valves.
an opening increase operation (first operation) of
Ifthe pudragen@ VL avehie leg@ahsi the opeaing elefrt8)EW_blilnd.ahs icgmedtion value
conposed of a nunber of control pul ses (EV) obtained
(BY _aalfhds mgiegbtive wiws etTheabotrect{odEXlud (EV adiamajdugated\Erbi—Equation 2
20 pul ses) to the current number of control pulses
iy Eojedf or thdenengangdrorf3val V€ th&d) ist 8 adjeutsén tvakie (EV adj) saved
openi ng of the expansion valve (13). After the
pry@uslygnithe neasey pper(af), amew barattinheulvef(Edoadi) d¢ written over the
pul ses (EV) of a pulse signal output in the opening
existrgeedee apkbsaxtd antheandrheryqartr(@6).  Mdpdmeendodf Stemt 6 ¢8T16), Step 17
pul ses (EV). As described previously, the first

(¥1007) esctarrosd @per ati on starts with Step 16 (ST16). 20

In Step 16 (ST16), the control opening correction :
sect ilo$tgp3l) (¥Rl uthatcestral epeningotorentiaabastion () adjeyts the lower
for use in correcting the lower Iimt command val ue
liginvtommaive value (B¥L) using vh¢ oerrédivnadfie (B edf)culThe edrrected lower
using the follow ng Equation 2. Equation 2: EV adj =

ligt (EIMLA) of the nawbert pf Equaml pulseis avaleelpbtdiend bysadding the correction
correction value and EV _ave denotes an assuned val ue
vaie (B%_adpetodhe Hivey ligaiyy (BEL) ®vin_therdalvsfcontrel seepiem§3n In Step 17
val ve (13) used in the refrigerati on apparatus. (10)u

(§¥1G), thrdaperelimi\(EXIe is cooeyted Torearbsentraiingatonditipped Upen end of
this enbodinent is the average between the upper and _
Stepvier (STiLi), tthe st chBeetpaonstrtionrrgds.of When the firsyicamagtion operation
variations in opening degree (EV_LIinm.between
eléﬂSf@éﬂ@WPffé%ﬁdhgi ipactipatedeand the extemal fap &2 Bdealseyotivated, whereby a
is larger than the opening degree (EV. LIim, the

cealing @peratipn.velttels yovmalRperationgis §EgEti ve val ue. The
correction value (EV_adj) cal cul ated from Equation 2

i s sttrbdhe fecoRd cRERTIP Qrerationdmil by descrigdwith rgference to FIG. 6.

orrection valye (EV.adj) saved 5 previously in_the

Tﬁr@H%Wt 5@? F°°(°§g)°,° CliRRPRYRH UL tthe fURENGRE cORNPlef §he ¥alve control
vvr.it{ 51.over the existing value and saved in the
s%alb}; L¥ePREds) . Upon end of Step 16 (ST16), Step 17

In this refrigeration apparatus (10), in adjusting the degree of superheat (SH) of
refrigerant at the exit of the internal heat exchanger (14), the valve control section (33)
sometimes outputs a pulse signal whose number of control pulses (EV) is the lower limit
command value (EVL) to forcedly throttle the opening of the expansion valve (13). The
second correction operation is performed, for example, just after the valve control section
(33) outputs a pulse signal whose number of control pulses (EV) is the lower limit
command value (EVL).

In the second correction operation, first in Step 21 (ST21), the control opening

correction section (34) determines whether the current number of control pulses (EV) for
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(ST17) is carried out. In Step 17 (ST17), the contro
openi ng correction section (34) corrects the | ower
limt command val ue (EVL) usiyrg the correction val ue
(EV_adj). The corrected lower 10 limt (EVL') of the
nunber of control pulses is a value obtained by adding
the correction value (EV adj) to the lower limt (EVL)

theedxphikidh @alval (18) doriynall tos et lor (1) .coltindpidepalibd (EVL). If the
(ST17), the lower limt (EVL) is corrected for each

exandiah ivalge qORNistihGnlowdpdimistsht@lled Statpinl WhichTihd Jourrehenumber of
first correction operation ends. Wen the first

cérdol palbésqEV) 61 tht eRpuns®ndalvet(hE) is e &5 tellowdrllimit®ommand value
activated and the external fan (21) is also activated,

(BEWiey, ety cantrol Dpeing icogead@r &tiie (3aMvasiesi cut StOLPAET22). On the
operation, is started. Next, the second correction

othpieiaat] i@ thendurtenbpurdB&OTicbeblwulses (EV e fitetexipandtdivale (13) is not
Thr oughout the second correction operation, the

equaper the dwdt ¢iniit cdm@bnd heluy @EVE), dendonabl opaily @irecB3) section (34)
Is stopped. In this refrigeration apparatus (10), in

teddljnd ek ithegsetdiel chegreen oferstiqye afvadh S(eprd3 (123 R6topping and resetting a
refrigerant at the exit of the internal heat exchanger

fouith) timédh dorvertaneple cntl 20secvad ttimet, (£3i8)is s @pefatios When the second
out puts a pul se signal whose nunber of control pul ses

cqriedion spérhton terminakdsirite supedmEnebniral ofetheBMlse ¢amtrol section (33) is
forcedly throttle the opening of the expansion val ve

reftb8¥d. The second correction operation is perfornmed,
for exanple, just after the valve control section
( 33) InStepd2s(SA2p)) Itsecaitgh apenmpsmractinh eectioh (34)ndateinines whether
pul ses (EV) is the lower limt 25 command val ue

theEvh titner hdsebese abmatlycssartede {.¢. owhether the ifourth fimesis inroperation.  If
Step 21 (ST21), the control opening correction

thedfouitly tinfeB43 ndeyesr stantasls theheartteol operang worrestionnsestien (34) starts the
control pulses (EV) for 27 the expansion valve (13)

fqusth diguegfin Stept24e(SITgdeand then carenentridery2d (Rl 45EVLPn the other hand, if
the expansion valve (13) is in a

the ofrth | timert hasobeanoplready sttarted, ithe wpote arsaingueeregstion section (34)
nunber of control pul ses gEV) for the expansion val ve

bypeses Stepeu BT 24 andirarnias sk Step o (SEhmand val ue  (EWL),
the control en correction section (34) carries
out &1 Sggpo2b %ﬁéﬁ) € QRN Rl TeR PR Seqtiont(Rd) reads a measured

urrent nunper of control pul ses S for the
vzggebé{qg'[bﬁf JvBg \}téw-(sy_@) pyegsusgtsensor (24), a measured value of the entrance

temperature sensor (25) and a measured value of the exit temperature sensor (26) and
calculates the degree of superheat (SH) of refrigerant at the exit of the internal heat
exchanger (14). The control opening correction section (34) calculates as the degree of
superheat (SH) the difference between the measured values of the entrance temperature
sensor (25) and the exit temperature sensor (26). Upon end of Step 25 (ST25), Step 26
(ST26) is carried out.

In Step 26 (§T26), the control opening correction section (34) determines whether
the lower limit command value (EVL) should be corrected to a "wider" value. The

control opening correction section (34) determines that the lower limit command value
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equal to the lower limt command value (EVL), the
control opening correction section (34) termnates
the second correction operatixn, after in Step 23
(ST23) stopping and resetting a fourth tinmer, for
exanpl e, a 120-second tiner, if it is in operation.
When the second correction operation term nates, the
(BupeshbeRt be onidondd ©f a thiderwalueeandlostjuaitialie chirfed ud3ep 37 (ST27)
10 restarted. In Step 22 (ST22), the control opening
amoftee QR i(DM2S)p tft dt Aenst 3dy) ol dolidwiag twh ebhéitiond i¥esatisfiwd: iCondition
timer has been already started, i.e., whether the
1flothat hd mmeasured vatueo (el Bt bbithe Idw-sideepressurd Bedso®24) $s below a
not yet started, the control opening correction
piedgtéintined 3djondt Rt-sidé Ressieurdfdrefidenmestue n(fdt etanikle, -60 kPa), and
(ST24) and then carries out Step 25 (ST25). On the
Cotidigtén hantlat thé dddreé bfsupetheist(SH) € reftigaraiericuddtedmdStep 25 (ST25)
started, the control opening correction section (34)
ishippess predSeaningd fiS Tefjenat degras o1 a@perheht (Fdregxaiple, 10°C). On the
(ST25). In Step 25 (ST25), the control opening _
other hiamd} if botis€ctditions( 34 Jand é Msreaotreasfieddhe valtrod operdiiy correction
of the | ow side pressure sensor (24), a neasured val ue
seofion (B4 erhnmEaceut Bepp2? JSULY). sefsmditi¢idS)l-landdal-2 are criteria for
nmeasured val ue of the exit tenperature sensor (26) and
d@émdaing Wiadtles, inhthe degerkmofcosplérdhstate, hSHefroferant flow through the
refrigerant at the exit of the internal heat
expagchamyare (1B )is infhpredaemiodd eypessivejy small embumtrstaedtel, dne amount
(34) calculates as the degree of superheat (SH) the
ofdirfffigerentc Bowethnowgh thee exyppasion edhlvaa (LiBsisofmalhaseenmpared with an
tenperature sensor (25) and the exit tenperature
appeorgiate gra@ynt ofpdrigeramt fofw. St ep 25 (ST25), Step 26
(ST26) is carried out. 25 In Step 26 (ST26), the
cont Mo SteppEh(¥F78.dhe sontrdropsaisgicorre¢tn) segtior (IA) mogrects the lower
Wwhether the lower limt comrand value (EVL) should be
limgrqoounandl vdue (EVLyepmgvbe dellowing Equetien 81  Sprbsrmgre, in Step 28
correction section (34) determ nes that the | ower ]
(§T281. tthe: eppiech @peing eorpertiop pegtiongd Bdlsasrasts the ceweqtion abiey(EV_ad))
wi der val ue and sequentially carries out Step 27 . i
uyingrthe)followme diqugtion 4 sThgporregtedygorrastign vakye (EV_ﬁclha is overwritten
followng two conditions is satisfied: Condition 1-1
andpgyed SESIGFEREE5he (LPT) of the |owside pressure
sensgr (24) is below a _predeterm ned second | ow side

pr es SGPET EVIncEVEITUE (for exanple, -60 kPa): and
Equation 4: EV_adj'=EV _adj + El

In Equation 3, EVL' denotes a corrected lower limit command value, EVL denotes a lower
limit command value before correction, and E1 denotes a first correction opening (for
example, E1 = 4 pulses). In Equation 4, EV_adj' denotes a corrected correction value,
and EV_adj denotes a correction value before correction stored in the memory part (35).
The first correction opening (E1) is previously set in the control opening correction section
(34). Used as the first correction opening (E1) is a smaller value than the preset value
(AEV).

Upon end of Step 28 (ST28), the second correction operation terminates. After
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5 Condition 1-2 that the degree of superheat (SH) of
refrigerant calculated in Step 25 (ST25) is above a
predeterm ned first referencegdegree of superheat (for
exanple, 10C). On the other hand, if both Conditions

1-1 and 1-2 are not satisfied, the control opening
correction section (34) carries out Step 29 (ST29).

theosmdi &ff diessetodd abdectiod @egativhi thy valve aontrdie b&tioh N(3AY restarts the
whether, in the lower-limt-controlled state, the
SLf[ﬁ]ﬂlEatg&ﬁl&ﬂI afd owpiits te tghexphssidDvax a3$ agulseasigial (hdye number of
is in a predeterm ned excessively small anount state,

cantrel pulkéels altuitectedflowef Hingeoabantl vaimet (BVALIDle ddn&t the opening of
expansion valve (13) is small as conpared with an

thaprpagidnatava(i3yiné befwidef r Vaemaht opéring of theSth@ansldn valve (13) is
(ST27), the control opening correction section (34)

adjostecs dicsarhdumt bOweiigerduitfioty thesuphnie sxglatidor kg (1Biimgeases. Thus,
the followi ng Equation 3. Furthernore, in Step 28 15

the J628gide tpheyswroninr the mfidgeratibnC oydle eistoand et i dvarde34) superheat of
corrects the correction value (EV_adj) using the

refiigerantianthe Egitaf therindmal hent enchaagdrd ik adecreasdsi on val ue
(EV_adj') is overwitten and saved in the nmenory part

(35) In Sopp@0i(B1H29), the\dohtrel dp¢hing chtrectioguatticon(34) makesalfdurth timer
= EV_adj + EI 20 In Equation 3, EVL' denotes a

dgemietioadof derermihing twhethemrtredfonathudmerMartedintStep 24 (ST24) still
lower |imt command val ue before correction, and E

cahatsot éipoa ehil o Stepo2d EXE200 Btep @t (S () fipcarriedt am‘pl df thel fourth timer
4 pulses). In Equation 4, EV adj' denotes a corrected
hasaireedy comtedhbpethe cantolRpeaitjg cermties sectioor(B4x praspeds to Step 30
val ue before correction stored in the nenory part

(§138).. Ot dtherdtand,af thecfouoh tiope siith goyrts, the eonsrad wpenisg gorrection
set in the control opening correction section 25 (34).
seckert(343 teriménatesithe sesond ewtdction opasationy (El) is a snaller

val ue than the preset value (AEV). Upon end of Step

28 ( Br31p,30t(Hd38)k dumepntrol praningerrstiom s¢ctinn (34)rdeterménes whether
After 29 the end of the second correction operatl on,

the Hawera ligdt eempmand velmet (FOL)(dwopldr be camreded e a smpr@meavalue If
control and outputs to the expansion valve (13)

Conditien X thep e drgtrsof supaslesat 63H) efgafrigsranp caledated dn st@'@ 25 (ST25) is
correct ed lower limt_command value (EVL') to adjust . .
beloys a pirdstengingd second reference degree of superheat (for example, 0°C) is satisfied,

the control opening correction section (34) determines that the lower limit command value
(EVL) should be corrected to a narrower value because refrigerant sucked into the
compressor (11) falls into a wet state, and sequentially carries out Step 31 (ST31) and Step
32 {ST32). On the other hand, if Condition 2 is not satisfied, the control opening
correction section (34) immediately terminates the second correction operation.
Condition 2 is a criterion for determining whether, in the lower-limit-controlled state, the
refrigerant flow through the expansion valve (13) is in a predetermined excessively large
amount state, i.e., the amount of refrigerant flow through the expansion valve (13) 1s large
as compared with the appropriate amount of refrigerant flow.

In Step 31 (ST31), the control opening correction section (34) corrects the lower
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t he expansion valve (13) to be w der. Wen the opening

of the expansion valve (13) is 5 adjusted, the anount

of refrigerant flow through tise expansion valve (13)

i ncreases. Thus, the |owside pressure in the

refrigeration cycle rises and the degree of superheat

of refrigerant at the exit of the internal heat

limxicdboamgend ¢dldg (BYL) esmgsthe Ifoli@viag Bia( &1 39) Futthemore, in Step 32
control opening correction section (34) makes a fourth

(3732 rthe dedter] mpeding oorredtiod eseetion (34 h gorvdeet the rcotrbetidnoealuch(EV_adj)
timer started in Step 24 (ST24) still 10 counts. Upon

ugingl thef foBbemg?BquaGo2 ) , Tt eprrd@ied Sdidér)ioh yaher(EiVe ddpuss .overwritten
If the fourth tinmer has already counted up, the
absavedin thp erengy part (3301 i on section (34) proceeds to

Step 30 (ST30). On the other hand, if the fourth

t i meEgettidd 5:ENDt=sEVLRd&E2cont rol openi ng correction

section (34) term nates the second correction

oper &quetion 6:rEGtadp =JV (& 3B2, t he control opening

correction section (34) determ nes whether 15 the

Il Baquatioh iSpEVLE denotesch ccatented (18ver) limh coindiand valuer BYLaténotes a lower
a "narrower” value. If Condition 2 that the degree of
liswitpenireaitd Yk befbrer edfrractien, camtl E2atenoitest skcond Soerecti®® opening (for
(ST25) is Dbelow a predeternm ned second reference

extapiaEDF 3 ppleediealn Efeationx@npy eadj'lghoies aserresfedexprrection value,
the control opening correction section (34) determ nes
anchBV_adjalehotsern domettion: vaina hefovaataresctipiEwtoyeds inole dngraory part (35).
corrected to a narrower value because refrigerant _
The steord i qormsctione opening (pdeis uevipusly setain thej gpngroh opening correction
state, and sequentially carries out Step 31 (ST3 1)

seghign §14p Used gsghg 3¥condreormhetiant onsning(Kd) 1si 4 stalirdivelugrthan the first
Is not satisfied, the control opening correction

ceyesstipo Apgaug (Hldyredi atel y terni nates the second

correction operation. Condition 2 is a criterion for

det elHon; end aihdtema? (STAZ) mee sesqrd correation apgration tegninates.  After
state, the refrigerant flow through the expansion

theagndeof thy) sgeend woFegiaadapeattiam die arlveswmniral yeqtipnge3p gestarts the
ampunt state, i.e., the anount of refrigerant fl ow
SYNSFISATEPDERb arsk pUiRYSs 67 theag¥pansiamyalye (133 ppulse signa) whwpe gumber of

wWith the appropriate amount of refrigerant flow, | ,
cagtroh Paltey s Tan orrqctrd lewRg bt ceagmﬁlgvag& E) tsrpdiust thesppening of

A5 Rbry R A5 Lo PEEMET orVBh b6 PRUPRG e pwsrvalve (13) i
a%és)ﬁc{,? g ?%%qué?fqg grgg'ge?aélé? ﬁit&g’ygg "t %%tfigﬁ}%josne%livg n(13) decreases.
Thus, the degree of superheat of refrigerant at the exit of the internal heat exchanger (14)
increases, which avoids a wet condition in which the compressor (11) is likely to be
damaged. When a predetermined period of time (for example, one minute) has passed
since the end of the second correction operation, the control opening correction section
(34) starts the second correction operation again.

- EFFECTS OF EMBODIMENT -

According to this embodiment, since an opening degree, which is an opening

command value for use in changing the expansion valve (13) from closed to open state, is
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using the follow ng Equation 6. The corrected
correction value (EV adj') is overwitten and saved
in the nenory part (35). 5 Eguation 5: EVL' = EVL - E2

Equation 6: EV adj' = EV_adj - E2 In Equation 5, EVL
denotes a corrected lower limt comuand val ue, EVL
denotes a lower |imt conmand val ue before

detentedenid tha expmdica2vatiendBe s contretied dsing theeddteaed opamngdegree, an
(for exanple, E2 = 2 pulses). In Equation 6, EV adj’

opkaingt elaracteristicectt @@ expansion i vaivey 81 Yeis tkflectnd ik\thad¢ontrol on the
denotes a correction value before correction stored in

expassiore nalvy (HBr t I 8fhpr woldsetleamatrdl o indedduad rxpasiminngplves (13) is
(E2) is previously set in the control opening

caned eat imronsdatiian of 3Ufferehiss dbawetrh éndiwidual dexpansion valves (13).
‘correction opening (E2) is a smaller value than the

Therefote, differeacdsi betwepe rindigiduall expdusion eaidesof13$t &p Bdlected in the
(ST32), the second correction operation term nates.

arAbirg rof réfigetemt dlos tfroudbeindaddunll ezpansent vabveso(d ), awhanby the flow
the val ve control section (33) restarts the superheat

candiot nohg eavll eapapidnsval e (tl Becamdpapsinoredval ve (13) a
pul se signal whose nunber of control pulses is the
cor r éctedidgowerthisi ambodiowengnih petforniag\the ) openingrjdegtee detection
t he opening of the expansion valve (13) to be _

opematioonére. higheiiet pressorseof thg refrigerationxqyalesis monstanty e If #@) high-side
is -adjusted, the anmount of refrigerant flow through _

prebraresdpéin sefpigeratipw eyqld ereinetrashiustss privg tqithesopening degree detection
degree of superheat of re.fritgerant' at the exit of the,

opemtionn she hightsidex preasvge duting \the jopenina glegreevdatestionvariesmiion would
a wet condition in which the conpressor (11) is likely

chaggdhaccondingge dhe pheratizg perdidensy susheas pher temgrersture jafeair Ted to the
(for exanple, one mnute) has passed since the end of

cqnqensse e dithe gefriastans iprespaeacting on e epansion valyenilay also would
correction section (34) starts the second correction,

chapss agcoslingitpaiha oporsting epreoms. OF henvfson thigerepeE ehramgp dn state of
to this enbodi nent, since an openi ng degree, which is

logpressurs FRerieERiRAn chanageofithe expapsion valva{dshty thpopen state would
expansi on valve (13) . fromc|losed to o state, s 31

VR deRandiemen the ORSI I E:S BA1tPRE. hich gﬁogf£mélé%tt difificuly to accurately

usi t he detected openi ng degree, . : i
detect I?;‘t(lge opening ctiegree. In%ontras?, int 1Is embo%?ment, since the high-side pressure

of the refrigeration cycle is constant in performing the opening degree detection operation,
the refrigerant pressure acting on the expansion valve (13) is constant independent of the
operating conditions. Therefore, the degree of change in state of low-pressure refrigerant
upon change of the expansion valve (13) to the open state is not dependent upon the
operating conditions but constant, which provides an accurate detection of the opening
degree.

Furthermore, in this embodiment, the value of pressure changing faster than
temperature is used to detect the opening degree. Therefore, the opening degree detection
operation can be completed within a relatively short time.

According to this embodiment, when the opening command value reaches the
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openi ng characteristic of the expansion valve (13) is
reflected in the control on the expansion valve (13).
In other words, the control &2 individual expansion
valves (13) is carried out in consideration of
di fferences between individual expansion valves (13).
5 Therefore, differences between individual expansion
upizk Viest, (Hel)ppar Bmikeik |deteried as thet dpenirgndagree regardless of the state of the
refrigerant flow through individual expansion val ves
lowt Biessuwhesfiegrrath e Thigthe apeningaleguesidogs retarcendthe sisumed range of
valve (13) can be optim zed. According to this
irdlivicrchl rveriatjonss rin ppehiog rdegrpe tHetw amedifiagnt] exprassiod etabiessi olherefore,
operation, the high-side pressure of the refrigeration
whyrcthe expansimnsitabet(13) ¢hanpes thithghopen dtate, t0erpif $wsahapgoin state of low-
the refrigeration cycle were not adjusted prior to the
popen: nefrigegneés diffeeatti foom opeeeted.oit, canhbe Iprgentsidibat the value of
pressure during the opening degree detection operation
opwigiieguiedrngemeciorgedieyond the isamedenngel of ganyimistin opening degree.
such as the tenperature of air fed to the condenser,
and tveomdify fagthisembelizssisimcadhe pentesd oparing xpaRetiapnsection (34)
valve (13) also would change according to the
copretsatthe gowendiimitonsmuithér edloe eysingehelegpaninpfdegrrgngn opening
in state of 15 [ow pressure refrigerant upon change of
chanesteristia s itonexmnsien (vaBy ({3) ishreflegiechinsthgtlewaolimét comingnd value.
dependi ng upon the operati condi tions, which woul d
Iedogainer r@ﬁ'fg‘eramlntapp@raaxs@m(l@g &hying @ew@@tramgﬁe%]pr@mt fgmperatures in
degree. In contrast, in this enbodi nent, since the
thgi lgwrlgt abthsrenid giosageo genarally dier stardand apueh/efl Bow of the expansion
constant in perform ng the opening degree detection
vgpe () ipdcternpined p@cﬁe{ruag@mémonpn e&@&k theguesch ipoeratiye in the interior
expansi on valve (13) is_ constant |ndependent of the
ober seldngtorandist ek elyThighetlor example, dogrke Buse wﬁﬁ-‘@ethe preset
in state of | ow pressure refrigerant pon ch nge %
tempsra@%s A oo the g9ld tsanr@sﬁew@ﬁbﬁt a oy temreripge (for example, -
endent upon the operatlnggcondltlons but const ant

(Dctbeppounacs the cxationvaladi SsioRTeiod e 8%8?1 Pﬁ‘b‘ to'the lower
degr

F h t hi nb th
I‘Jﬁ’l“e%gﬁ"e“ﬁ‘ir‘? FraPhgomtial BHsesH V). 26oF cfeieaict dl {a¢ Gpgaing of the
e%%@?l@ﬁ%‘%ﬁk@ hit nem%fl Ftiganay Eﬁﬁiﬁfﬁ’f@% E@)vﬁm“ﬁ Sgrrection of

e B SpBTARg Yol T s AT § HEenBon B0 with respest t

an input opening command value, the following problem may occur. When the degree of
superheat of refrigerant sucked in the compressor (11} is below the desired degree of
superheat, even if the expansion valve (13) is throttled to an extent that the opening
command value reaches thé lower limit, the actual opening of the expansion valve (13)
does not reach an expected control target opening. In this case, the amount of refrigerant
flow through the expansion valve (13) becomes larger than the appropriate amount of
refrigerant flow and, therefore, the phenomenon that the refrigerant sucked in the
compressor (11) falls into a wet state may not be eliminated. Unlike this, in this

embodiment, the opening characteristic of the expansion valve (13) is reflected in the
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upper limt, the upper limt is detected as the
openi ng degree regardl ess of the state of the
| ow pressure refrigerant. Thuas, the opening degree
does not exceed the assumed range of individua
variations in opening degree between different
expansi on val ves. Therefore, when the expansion valve
lofB linth am@esnt ovaldreammb dre Rtvwar dimie \cemmandt vedus immagealienfor which
state of low 5 pressure refrigerant is different from
diéferpacdse thetween cadiviiduapr expendied vahves (13¢ arel tagemfinto consideration,
openi ng degree becones | arge beyond the assuned range
Thérefoey, i velidnothe degrezpeh supgritbag of eefrighmoabsuiked inothe hiompressor (11)
enbodi nent, since the control opening correction
deembés) the| Sgpngion velvt 13)heanl wandirottledridowa aontian expeatedecontrol target
usi ng the openi ng degree, an opening characteristic
ohirigher &x ppering nearatovibis| 13hid preverfts dledt abe amotiteof mfegerant flow
[imt command value. 10 In container refrigeration
thaqphthd expassi¢d 031ve Gh3) bgcamasilarger thmg theabpropesetamount of refrigerant
tenperatures in the interior of the cold storage,
flgeneHetdey it dahdegtrevedtxidhaintbe n¢frigérani omked int the compressor (11) falls
expansion valve (13) is determ ned under a condition
initon avsetcstate Heecpusestht dxpaséravaive (13) tdnmot be ghiottted tof the expected
the cold storage is relatively high (for exanpl e,
od@e. Thus, when the preset tenperature in the
interior of the cold storage is set at a | ow
t enpén ghisr emlddimenty firptl diom khe 3OuNt ©ofi e bigerinh ghaf aqtpally flows
expansion valve (13) is controlled to a value near to
thréughlthevexpansipmivelvef 1 e thrulewer-limit-eoptroHed stptg) deserntimfion is made
For this reason, if the opening of the expansion .
of; ahgthey 1) lawerdimiﬁmﬂérmlmﬁaaluc eforiegfed arsingnthgpprengieydegree 1s an
(10) without correction of the lower |imt_comrand i
appagnriste zalypi f Than, if needest donbieccoriested, thedlewepdistit pemmand value is
with respect to an input opening conmand val ue, the .
cqresciedvacan. pribpledorentiy lowenimit\gpapnandevalnsgrastectsd wsgng the opening
superheat of refrigerant sucked in the corrPressor (11) .
deggeenRanche qTECCtRSP MOt RpRERPTIe valup eV iy, the\ilgy cpntr¢lgusing the
expansi on valve (13) is throttled to an extent that
eXRRBSIg BV R 3) spihsdonerdipiisonialledatate prn b e qRtingized.
the actual opening of the expansion valve (13 oes
not Meadpembod t’édh‘?:élﬁf)\'“btl°tf§ff§&§fm’65’éﬁ4iaﬁ6‘.ahyrfﬁ’("?’ﬁ through the
e@c a%s%‘eh% %fgﬁe 8]% 312E}Figyéﬁ]‘;%h?@g%&%%tgﬁv%%éﬁ&% ttoq)% smaller than an
appropriate anmount of 25 refrigerant flow and,. .
AP PTol (e P EROHL A3 e igstan e dhe. (osf At gomppagd velue is

BRI N A MO N TN —
det t?eelr.ﬂeg@g%[ﬂ?arr ,aﬁ‘&lger fo%vteilr T’Imgtf cc}nrl]igar?&( P E:(())r?ec}/eadj &/s?ng( t]ﬁ% )opiel%ng degree
is smaller than the appropriate value, it can be approximated to the appropriate value.

On the other hand, in this embodiment, if the amount of refrigerant that actually
flows through the expansion valve (13) in the lower-limit-controlled state is determined to
be larger than the appropriate control target amount of refrigerant flow, the lower limit

command value is corrected to a smaller value than the lower limit command value

corrected using the opening degree. Therefore, if the lower limit command value
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33 lower limt conmand value and the lower limt
command value is a value for which differences
bet ween i ndi vi dual expansi on 3al ves (13) are taken
into consideration. Therefore, when the degree of
super heat of refrigerant sucked in the conpressor (11)
decreases, the expansion valve (13) can be throttl ed
catmastedt osihgethe xqpeningddeged ripllatgar diedn Sheopppiopgater valne, it can be
opening near to this. This prevents that the anmount of
appedximgedanthefdppwpriaterabgh t he expansi on val ve (13)
becones | arger than the appropriate anount of
- MUIDIFEARION (OF BMBORIMENTI-t can be prevented that the
refrigerant sucked in the conpressor (11) falls into
a wetA mibdifieatiecafithe abine entpmmsemwilldiewdes¢rilg). camthas miodification,
throttled to the expected opening. 10 In this
therdoattolmepening corssetion sestionh@4 ) mocomtfigofedr tof perfpematht opksing degree
actually flows through the expansion valve (13) in
detbmiohcoperation it tstactoptafahé eefrigeratien apransi Hhtdaody iff & predetermined
made of whether the lower limt conmand val ue
cadrtroaos eatislisd.ng t he opening degree is an appropriate
val ue. Then, if needed to be corrected, the |ower
| i mi Speafieaiydas/shoma inFIGcbrthe rafogeraien appatfates @0 fugther includes a
the lower limt command val ue corrected using the
sabgrtinh byttas(3de yitbevlieln thsaisemranseleeidvhasher orwptto carry out the opening
appropriate val ue, whereby the flow control usi t he
degtesa deteetiony aperatiqul 3Y starfup ief theviefrigeration - appatatus| (lgm The control
state can be further optimzed. In this enbodinent, if
opanEnga pestAstion fsepticty (3o ria ponfigured é@ thebmy the eReningrdsgre detection
the expansion_valve (13) in th
opasRiEnn- ati siarfupcehthegrefreagraitoat @pﬂr@n@e&l B} Hi the iserpopssates the selection
smal |l er than an appropriate control target anount of
butemy (3§ & fameke peglectionetq earer owti the oPeriRgulagres detsstion operation.  In
corrected to a larger value than the lower limt
otagmivaisa; %mb@veczrﬁii%ma%%q eéfiannis agerditing thaﬂ@grlex@t is received by
Therefore, if lower limt command val ue corrected

ﬂl?§ﬂﬁ§‘“¥#é‘“@ﬂ é%ﬁ)rf@r aeégqr@éng the opFRIRg eErEdgieqtioa operation.

Appr SPferaie Srion b G3a). e DeFTAING fle, ppeging degree detection
o T i h&%&@%ﬁﬁ ARl O Ui
cclrrgg\ﬁgéxi lv%l%r{Et%ohéajégslbqug An ete%@bfﬂr? gjltaerglsg cgﬁrol opening
cBrfie o ) ReerPe i p e R AP e LS 3\%&3'?15 e operation and

then per}orms &le opening degree detection operation and first correction operation. In

the opening degree detection operation, the opening degree (EV_Llim) is detected. In the
first correction operation, the lower limit command value (EVL) is corrected using the
opening degree (EV_Llim) detected in the opening degree detection operation, and the
correction value (EV_adj) calculated using the opening degree (EV_Llim) is stored.
When the first correction operation terminates, the valve control section (33) carries out the
superheat control.

On the other hand, if the selection button (36) for performing the opening degree
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corrected using the opening degree. Therefore, if the

lower Iimt command value 34 corrected using the

openi ng degree is |arger thamXhe appropriate val ue,

it can be approximated to the appropriate val ue. -
MODI FI CATI ON OF EMBODI MENT A nodification of the

above enbodi nent will be described. In this ) .
defetion) apgration doesnat mecetvsranrigput othe pdmepl ©pening comertion section (34) of
section (34) is configured to performthe opening
thte gerdrollerl Bk pedormasp enlyt ithen fiast eerzaction apferation after startup of the
refrigeration apparatus (10) only if a predeterm ned
refogetatidroapragatesat 103 | ndthe Spetcédriestipnh pperagors Hhewlower Ian command
7, the refrigeration apparatus (10) further includes a
velgg €EVLDis parractnd Ysde) ther coreviiire nalud éEVisadi) staredsisl the memory part
whet her or not to carry out the opening 10 degree .
(Ifet eBihien theofiust eqriegtiomppesation tgpnishies Hhe vaie copuradseaion (33) carries
ﬂgﬁaratus (10). The control opening correction section

opi3y supstheehdangiol.ed t o perform the openi ng degree

detection operation at startup of the refrigeration '
apparatthis medification; rvehethys roropdriatcasryt ot the| wpeningrdegree detection
button (36) to nmake a selection to carry out the _ )
op@eling dgegnmed basedcmi whetlpsor apt Ba seleptiondiution (dpkrgeeives an input
t he above predeterm ned condition is a condition that
applastyp of the refeigenatien apparatys @Rk Jdieesdereoit eam boprevzaled that the
for perform ng _the opening degree detection operation. . .
opyene dpgree detestion OPREHeRBAS CaBICdf Ot FPetyehy ManyPt¢Hethe refrigeration
openi ng degree detection_ operation receives an jnput,
améaf%am and, dhssefpreg itdekes deng thne ettt Bis nesmal qpsratioas

the correction value (EV adj) stored in the nory L
par t fusthgrmorgdp thig ﬁ@dtéﬁafl%w‘f% tithe gpening fegrss dptection operation is
section (34) perforns the warm ng-up ration, and

DRI apputuR ofdhe &#agez@thwaﬁ&ﬁ%ﬁﬁﬁlﬁﬁa%%ﬁi%@maﬂd value

) 0 S0 BREERLLEN, S LLLSLEOhr oL g menery art 35
Th 2GRS AP e RV ks et sl & L ey b srpof e
SRt 08 55 ko B SouP SES SR vave (13 i
T ERI O R MR I ——

Bhe firsa correction operation
T

estor.gd. @5(¥$enn { ( _
TR AT SR U VIFAR VA PRE™ &Mt rol section (33) carries out
<B$HER EMBODIMENTS>>

The above embodiment may have the following configurations.

In the above embodiment, the control opening correction section (34) may be
configured to correct the number of control pulses (EV) using the opening degree
(EV_Llim) in the overall control range from the lower limit to the maximum value of the
number of control pulses (EV) so that the actual opening of the expansion valve (30)
approximates the control target opening dependent upon the number of control pulses (EV).

In the above embodiment, the opening degree detection operation and first

correction operation may be performed in a factory where the refrigeration apparatus (10)
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superheat control. On the other hand, if the selection
button (36) for performng the opening degree 35
detection operation does not Ieceive an input, the
control opening correction section (34) of the
controller (30) perfornms only the first correction
operation after startup of the refrigeration
haytean atansfacthfdd, béford the réfrigetticmappacdtuoii Opseshapedn, t he
lower limt command value (EVL) is corrected using
t he Earthemtdrerin vz abevé Evbadijjens ttior @mhtrohopdméngnemmction section (34)
part 5 (35). Wen the first correction operation
nagriw catfigaredt tvestor net the ntorekctisre vhiue (EV3 8dj) dant rthe opening degree
out the superheat control. In this nodification
(BWdtlhey. or not to carry out the opening degree
detection operation is determ ned based on whether or
not MNMereselret ithen abamet embditient, eheirefriemtion napparatest (10) may be
startup of the refrigeration apparatus (10).
cafignedotoe ppératecan a bmpprcatiealt gatle hratwhidte thicO highesidegressure of the
degree detection operation is carried out at every
reftigaratign ©fcle iseer dfa higheratalwntham theaorticalspredsdye afthe refrigerant. In
therefore, it takes long tinme to start the norma
thipeasatdinernf thaextérealnmaeexdhangeni( 52)randithe mémal heaesxehanger (14) acts
t he openi ng degree detection operation is not carried
apugasapokr and the odifer ette as e evaperaden on appar at us (10),
the lower Iimt comand value (EVL) is corrected
usi ndurthermage.rie ¢he above ambedigeut, 8 fefrtgention appamive (10) may not be
menory part (35). 15 Therefore, even if the opening
a gonjriser tidtgartticmrapppratust bhus maysbenatottatypeeef refiigesation apparatus (for
startup of the refrigeration apparatus (10), an
eXADUNG, g aitrenditioaer).sti ¢ of the expansion valve (13) is
reflected in the lower limt conmand val ue (EVL),
wher dibg abpec embodigenisrase mesely prefvaed embediicats alaguse and are not
'éﬁ%£ can be optim zed. <<OTHER ENBODI MENTS>> 20 The
toehimE dhe AP, mapliGakions abuse of theinyrition.
configurations. In the above enbodi nent, the control
opening correction section (34) may be configured to
correct the nunmber of control pulses (EV) using the
%BQﬁI%AHéé’rPééCAPWW| m in the overall control range
fromthe | ower mt to.the X] mum alue of .the
nunbels 0 B, rmauihge%botfﬁ;a PR e RESCHE ifgption is useful for

eni ng of the ex i on val ve
reinigeration apparatuses 1rPc:ijl ng a refrigerant cxrr,)mt provided with an expansion valve

variable in opening.
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25 approxi mtes the control target openi ng dependent

upon the nunber of control pulses (EV). 1In the above

enmbodi ment, the openi ng degred detection operation and

first correction operation nmay be perforned in a

factory where the refrigeration apparatus (10) 36 has

been manuf actured, before the refrigeration apparatus

(10) is shipped. Fur t her moXe:AMS t he above enmbodi nent ,

the control opening correction section (34) may be

configured to store not the correction value (EV_ad))

bgﬁgépe gpeni ng degree. (EV_L1im. 5 Mreover, in the

Lafiaoieizenshion APRANIUS ncRidingr g Tefideesant sircuib bHD arerdded gith gepmpressor
onfigured to operate.in a supercrjtical cycle in _

(ﬁﬁia&'ﬁ FnEPRRYAL Yplye (Bfk¥ariable Y operang. the refggerat eircuit (20) being

cycle,is set at, a higher, value than the critica

05%4@%1% &R & Teffizerion sy¢lE.godanyalvy gontiohmeapynd) comfegused tmeontrol the

extern heat exchanger (12)_ .and the internal heat
OB%?%E? exppagyioq vakye (LY. the gé{Eizergtipp APRIFAIUY GRENRIITRE |

S CE AT CRERE o -
G -
e o PSS 58 R0 OB 3BT o i
o b SR RARL B B Al g st s
PO S SRR BE PR R s o
A SRR Sl B G R S RRBR 1) v
I NG T TN pep—
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wherein the valve control means (33) is configured to control the expansion valve

(13) using the opening degree detected in the opening degree detection operation.

2. The refrigeration apparatus of claim 1, wherein the opening degree detection means (32,
34) is configured to adjust, in the pump-down operation, the high-side pressure of the

refrigeration cycle within a fixed range.

3. The refrigeration apparatus of claim 1, wherein the refrigeration apparatus is configured
to perform, prior to the pump-down operation, a warming-up operation in which the
opening degree detection means (32, 34) adjusts the high-side pressure of the refrigeration
cycle within a fixed range while the compressor (11) is driven with the expansion valve

(13) open.
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5 operable in a refrigeration cycle, and a val ve
control neans (33) configured to control the opening
of the expansion valve (13), 3he refrigeration
apparatus conprising : opening degree detection nmeans
(32, 34) configured to perform after a punp- down
operation in which the conpressor (11) is driven with
41Tie refxipension appaahive of di3dm 1cwheeih the bpapehidgedidgeé®dn means (32,
detecti on operation of detecting an opening degree
3)hatonfiguaed f0daee? Ak ke esumiaNdegdrdd aeopedingiS@nmand value determined
changi ng the expansion valve (13) froma closed state
when alie QpSsurst@lt the Ryw-gekaren rofrip@rand aixbedds t 4 pradepansnan low-side
val ve (13) is open based on a change in state of
plessorepthesheld @aluef ri ger ant bet ween t he expansi on val ve
(13) and the suction side of the conpressor (11),
whil e gradual ly increasing the opening conmand val ue
out put to the expansion valve (13) with the conpressor
5.(THe refeipatiiomtapphrathh ofhedaigi 4, tihercidwiencthatopehingeesismand value
(33) is configured to control the expansion val ve
refdigy aysedeteriniedogget Himil dgr @entgt dagieeddatartivh encape32)$4) detects
degree detection operation. 2. The refrigeration
tha ppperdinis aothe opaning degrab eva ifi thehgesspenifiihe begpmssure refrigerant is
detection neans (32, 34) is configured to adjust, in
the ewv-pidepraewe tiopshohd value ot bedovi gh- si de pressure of the
20 refrigeration cycle within a fixed range. 3. The
refrigeration apparatus of claim1, wherein the
refrigeration apparatus is configured to perform
6.phiegeirigeratine apparpus ofwlaiop &y wherein, the opening depregdetection means (32,
operation in which the opening degree detection neans
34)3¢ corfipureldjoutstest,tih shdpppining degrer detention aperating, the opening degree
refrigeration 25 cycle within a fixed range while the
by rppatmgsofirst opgraiien df ingrsasing tike opeaingxgramrsashvalae b a preset value
(13) open. 38 4. The refrigeration apparatus of claim
anfl a sghendegneration of deteimigirgeyhesherdbe expangian nelyp§l )32 open based on a
34) is configured to detect as the opening degree an
chapeminritate ohthadew-passseredelrigersnhiachis\omday unhbit iy detediedinghe second
the | ow pressure refrigerant exceeds a predetermn ned
opegiionthps thepxpausierevalye &§htﬂ @PePal ue. 5 5. The
refrigeration apparatus of claim4, wherein when the
openi ng command val ue

7. The refrigeration apparatus of claim 1, wherein

the valve control means (33) is configured to determine the opening command
value within a range not less than a lower limit command value previously set in the valve
centrol means (33), and

the opening degree detection means (32, 34) is configured to correct the lower

limit command value using the opening degree.

8. The refrigeration apparatus of claim 7, wherein the opening degree detection means (32,
34) is configured to set an assumed value of the opening degree, calculate as a correction

value a value obtained by subtracting the assumed value from the opening degree, and
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reaches a predeterm ned upper limt, the opening
degree detection neans (32, 34) detects the upper
limt as the opening degree é&fen if the pressure of
the | owpressure refrigerant is the | ow side pressure
t hreshol d value or below. 10 6. The refrigeration
apparatus of claim1l, wherein the opening degree
called zte ti amrectednsweB Amit 8dhimiasd velukilguadding thededresction ivalue to the
t he openi ng degree detection operation, the opening
lodeglimét commandpabitei prgviousdy ses in tigembieicontrafméans (28si ng
t he openi ng command val ue by a preset value and a
second operation of determ ning whether the expansion
val ve (13) is open based on a 15 change in state of
9.t The refigeratios apparatue bf tlgeu dnwhérmintthe sporivedegres ddtedtionirgeans (32,
detected in the second operation that the expansion
34)aisveonfigBiedi ® opmect AgaidThie i@feri jmitatommandpabue ughioh has been
claim1, wherein the valve control nmeans (33) is
cmnm&dgmngdheopdﬂngdnmna1fhen@b&mmngdGEWmandmk@mgaaMuemnmﬁﬂOf
wWthin a range not less than a lower Iimt command
refagerant (floew thwonsgly theetxpamsiethealval(1® is contfred| inree kovesr{(@8])-controlled
and the openi ng degree detection nmeans (32, 34) is
stetonrf whinheduring & oemed bperhtion maehich lispage to dereanioled iggontrolled in
usi ng the opening degree. 25 8. The refrigeration
tegypprabuae, the opentig¢ammandyreduasis gqedl do Hisdawaylinid gemamand value.
detection neans (32, 34) is configured to set an
assunmed val ue of the opening degree, calculate as a
correction value a value obtained by subtracting the
16 Jba nefigoration appasag efeclaipehiwherein gheepenimgdegpe defection means (32,
calculate a corrected [ower |imt conmmand val ue by
3‘Bd1§| erpfigheedc by cededtoreaimithee lawert limit comeend j valye, which has been
command val ue previously set_ in the valve contr ol
cqreeated ysBm) thegopeming degred, de raalergsn vahsarih Jgsfow@tsnnmrv which the
wherei n the openi ng degree detection neans 4)
rqﬁég%ﬁﬂogmhéwahoth@ sxpassonaghier(1ghis 1P6\/@Fd?t1“m1{13‘1: @Fﬁ?ﬁ%@ly small
val u whi ch has been  corrected using the_openi ng
ara@-a&t éféte 15 patisfigd agythespitgrioadn the lowes- Bwtrf@wgﬂl?fgsteta t he
amount of refrigerant flow through the expansion
valve (13) is satisfied in a lower-limt-controlled

lgé‘gg e 1ger\é\g&gg&ﬂa§%‘§4 gtgclz%gqng aﬂ{ief%p @ig]ogtelﬁl%% degree dletectlon means (32,
34) is configured to correct again the lower limit command value, which has been
corrected using the opening degree, to a smaller value, if a second condition in which the
refrigerant flow through the expansion valve (13) is in a predetermined excessively large

amount state is satisfied as the criterion in the lower-limit-controlled state.
12. The refrigeration apparatus of claim 1, wherein the opening degree detection means (32,
34) is configured to perform the opening degree detection operation at startup of the

refrigeration apparatus (10) only if a predetermined condition is satisfied.

13. The refrigeration apparatus of claim 9, wherein



tenperature, the opening command value is equal to the
lower Iimt command value. 10 10. The refrigeration
apparatus of claim?9, wherei mdt he openi ng degree
detection neans (32, 34) is configured to correct
again the lower limt command val ue, which has been
corrected using the opening degree, to a |arger val ue,
i f athd ohingodegide detection whdand (320 84) sebnfigeedmnd pétfawm the opening
t hrough the expansion valve (13) is in a predeterm ned
dexeesisiecidry opemtion 45 sanopnéf sheatrefrigsraton | appbmtusagl@)henly if a
criterion in the lower-limt-controlled state. 11. The
predéteingeedtdnditicmpp aatafied, anff cl ai m 9, wherein the
openi ng degree detection neans (32, 34) is configured
t 0 coha epdniggdégred Hetettbmemebnsni3, d4)yrommpliseal aumemely phrt (35) for
has been corrected using the opening degree, to a
storimg laera vadreioni falae skec differemedbdtwesn the Wwearhlimftec@fimand value
refrigerant flow through the expansion valve (13) is
piemioaslprsetl@t érenvaled centedsmeans| (33} andyéhe eoroactdd biver dimis command
satisfied as the criterion in the
vdlosvend lis ponfignoat toobdreatt sheatoaver Init Tommenflr vajwr asingrihe correction
apparatus of claim 1, wherein the opening degree
valet emrédim theansn(od@ part3@P) iif novpéifgurieg tho openifig rdegtdgedetection
openi ng degree detection operation at startup of the
opegatiosfat sigenpOf the reftigarativuspat@ys dod.y if a
predeterm ned condition is satisfied. 13. The
refrigeration apparatus of claim9, wherein 40 the
openi ng degree detection neans (32, 34) is configured
to performthe opening degree detection operation at
startup of the refrigeration apparatus (10) only if a
predeterm ned condition is satisfied, and the opening
degree detection neans (32, 34) conprises a nenory
part (35) for 5 storing as a correction value the
di fference between the lower limt conmand val ue
previously set in the valve control neans (33) and the
corrected lower Iimt command value and is configured
to correct the lower Iimt command val ue using the
correction value stored in the nenory part (35) if
not perform ng the opening degree detection operation
at startup of the refrigeration apparatus (10).



