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1 DESCRI PTI ON REFRI GERATI ON APPARATUS 5 TECHNI CAL

FI ELD This inventionrelates to refrigeration
apparatuses including a refrigerant circuit provided
wi th an expansion val ve variable in opening.
BACKGROUND ART 10Refri | aratuses are
conventional ly known tﬂ§$§¢%§ﬁgg a refrigerant
circuit provided with an expansion valve variable in
openi ng. Patent Docunment 1 discloses an air

condi tioner as aﬁéﬁf ~gerat r of this kind.
The air conditio Fﬁﬁ%?ﬁﬁ@éﬁﬂAgﬂggﬁﬂggf controller.
During heating operation, a control section of the
superheat controller calculates the difference between

Tﬁgﬁﬁﬁéﬁgﬁf@%r the temperat ure at the exit ¢hereof hgiata
car COt AR e AR e el el hE s R 2t 88femt cireuit
WD%EQE3§%§L§$ﬁ§§k23%kevgﬁﬂﬁeﬂﬁﬁkégﬁ-degree of super heat

as a ve co section of the
superheat controller controls the opening of the
not or - oper at ed expansi on valve to bring the deviation

e Pat ent Docunent 1: Published Japanese
BAE&%@ Appjf‘iﬁgati on No. HO7-225058 DI SCLOSURE OF THE

| WEQ@:%%%E EMLEQ Bl §9rv\é§901§1\{1g-rﬁ'rzo inNde 2 refrigerant

Such bl'e-‘openi ng expansi on val ves for use in
crbEIELIRENAD SOBBLIC® e SR Pay Dot 1
disdid¥es GX RENDh@RoN&! 24 &Srefrigeration apparatus of this kind. The air conditioner
includes a superheat controller. During heating operation, a control section of the
superheat controller calculates the difference between the temperature at the entrance of an
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 control section of
the superheat controller controls the opening of the motor-operated expansion valve to

bring the deviation E to zero.

Patent Document !: Published Japanese Patent Application No. HG7-225058

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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i nput the same opening co nd val ue, variations occur
in the actual opening. For is reason, in such a
conventional refrigeration apparatus using a

vari abl e- openi ng expansion 2 valve t he actua

TR b SERRR ARG AT i S B o

whisB i DL Rt e SpaRo VAlfe BRicBREHE n opening
th bl th t te.f

oo e T SORRLTIIE (A o R o
has.gaﬁn naﬂeli EM/of i e foregO|ng poi nts and, '

qﬂﬁ%ﬂﬂ? e o H)SQFEQ CtHEFER is that the refrlgeratlon

I at us

ea;?{esee%t)%grf ?3:’?'}%53% réle%%dlreglg B/aeSAF Pﬁt‘hg E(gﬁg(ﬁgé 83& apd  therefore,
o %m@?er%b@v : ﬁ%%@%%%?&%%ﬁl?%@e%@ﬁ@%? gl Brovicea

o BT SR BBERA ot vog e
exg$§al gonpressor (11) and an expansi on val ve (13)
pvar|a e in opening, the refrigerant circuit (20)

$?8ﬁﬁﬁAﬁ?kﬁF€§y§Big igeration cycle, and a val ve

con |gured to control the opening

Of Whe teaéﬁ%?gf 1M IlYlSIl {etgél?g a ki E[gﬁé;?gﬁrp%%tus (10) including

appara us er |nc S open

a ré}ﬁ &6t &Q:uf{e(% ﬂo%?dcd?\é ﬂéé%&u F}lq? ah8 aBeé{pgﬁ%n valve (13)

er a punp oper a |on “ he co
vari(al%h]%n 'gﬁ(larﬁgé ge@?e\gféée%ag%[ g:g'tcll%)g Eﬁ’i o\bgllrﬁi\ﬂfe i g%%eg%epeﬁl%q cXcle, and

a vAIRE R ﬂﬁngl 35 Q fihSedd &Bﬁgf ﬁﬂlg \?gexgmg;a@' Fﬁéaéxlﬂygngl valve (13).

use In C e expansi on va roma

Thé&ﬁ{g%réti%n%ﬂp%ﬁﬁ ((Fés)%ﬁhex%clgaésedﬂ&hﬂﬂ %gf@@%&%ﬁoﬁ Bfeans (32, 34)

expansi on val ve I'S open based change I n

confif@t& 187pekownp Bﬁés B r}:ﬁlrrfpeéJWIg @paatior On RATIVE e E&%pressor (11) is
expanS|on valve (1 and the suction side of the

driveR MWL BROEx adsidn vmlel @3 PcRER! dnYopenflpedprd dbB&ion operation of
openi ng comrand val ue out put 'to the expansion val ve

detdcind aMidpbnihf qeg&enﬁﬁ% Qf dpbhhgd@athdndadaek f(ﬁfn!ﬂ;etlﬁ%hangmg the

valve control means (33) is configured to control

expEneRANedl 0 (M3 1¥ém (al ShsddSitig thhe eRanitg, Bsagre&emdﬁﬁgemﬂler the
in the opening degree detection operation. 25A second

exp@BRACYaloé (1heid BY@NbhRE o at EiRnpefif | gre alfl oW -pRpRkA ke Bigerant
according to the first

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



10

15

20

25

aspect of the invention, wherein the opening degree
detection means (32, 34) is3configured to adjust, in
t he punp-down operation, the high-side pressure of the
refrigeration cycle wthin a fixed range. A
_third aspect of the invention is the refrigeration
withya fixed 1#82&ccording to the first or second aspect of
the invention, wherein the refrigerati on apparatus is
conbityjit awestorias myentionsithe refieqrponapparagisarcording to the first
operation, a warm ng-up operation in which the openin
or sscopdgpspect it e pEtiRRa Thceny the 3gitigsrytion 1 appargats is configired to
i gh-side pressure of the refrigeration cycle w.thin a .
perfpig.UIoF ShHi RUIN-EOWh BPEBHATy 8 SEHMIngIUD) Spesatig ip gtPich ihg opening
t he, expansi on yal ve (13) open.. . A fourth aspect
degisf dEiFEIThTIEARS G P0) ﬂ%@gw &t nge-rsg@@i %ngﬁp%f%? qeffigeration cycle
..according to any one of the first to third aspects of
withip @ %EWefﬁvseow,%ﬁmé? EPRPTERAT Spiarif ﬁig"@é@*?@ef%aée* gpsicgnvalve (13)
means 10 (32, 34) is configured to detect as the

®P%bpeni ng degree an opening command val ue det erni ned
b R &R TSP B L SR 0 4P oo BB e bpego any one

, . A flLfth t of the i ti ' t
of EHIF i asmeciy ph s TheRov iRy o OPHERS BiHeh Satbde means

T
L R T L T
v S RSP IR, S 1 the lowsige

=P8 ot S50 GTEP  Ba R LA AP RBERRL e s
L, U SR, BT RGO A5 A s

..d i i OF i
prec%&%mrfég ugﬁ% lﬁgltf Iﬁl?&??)%%gg rdg : Eﬁgﬂe?tﬂ?n 1 Bhs 9,331}%%?3%95&?1@ upper

y repea on o ncreasi n

limig gsg@gt%?grﬁﬁ e %@én%?.tlpeypr\%%%tfeﬁéﬁﬁle E@J—é?esﬁﬁg I r@gﬁﬁpg the low-

etermni ng er t Xpansi on-val v

sidefp%@%uﬂe%hr@ﬁ%‘ih@é}?@érwoﬁ change in state of the

OW pressure refrigerant between the expansion val ve

(134500, st e, B B SPLAASI, 1100 sy oo
of tRPRREIAETRAspA of ME IRVRADS WHer¥Rl € opdnthg SR FBtection 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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A seventh aspect of the invgntion Is the refrigeration
apparatus according to any one of the first to sixth
aspects of the invention, wherein the valve contro
means (33) is 4 configured to determ ne the opening

cnf SIS U L0 SRR 0L 56 80 el 45 o v
ns

N NG e —
| imt d I usi th i . .5ANn
sl Ty CGUIEDE 9148454 DBl BRI B o v

. a aratusdaccording to the seventh aspect of the
USIng RFEHPER “CGHi&r ei n t he openi ng degree detection neans

opdit R ped o e aarentin 36 g RERRRPR R TS 2ol to me
| btaj ned b tracting th Lue f _
sovef B’ flspie eati b rinte B84 Feat By Fotibrt 0 i

cont 4SBT U0 P A 580 A e
v A5 B8 TR 6, ep P8GR B e
comhE: BRUETH: LA AR G L A S BUBE 010 TSI
conGERA LR, 85 P Bl gt | ¢ Comend

R T

oS B A P ey
34) ?;ﬂgsg% ed%o %ﬁteﬁtogézﬁﬁi the 16QBL 'iiﬂli* %?%M?lﬁg efﬁg%é?&ﬁ%% l%as been

ning conman value Is equa \ !
%ningtdiegree, fd ﬁ@&&erﬁﬁﬂ&ﬁ&(ijt&fioﬂ Reainduenhi thﬁiount of

corrEQUTRARL MRl d

Is the tefriger n apparatus according to the nin

refrigecrﬁﬁtcﬂo\ﬂ’fth.%ﬁgh Y b @Bn VARR! @BYist BEsRRER! N wWeA[ER-controlled
etection neans (32, 34) is configured 20 to correct

stateA8 A HicH, RI8rih© Welbrthalperatio AR A4 cha dp8ee WHecddnfaBedR&Bntrolled in
corrected using the opening degree, to a |larger val ue,

tempekataref ih@%&erﬁﬁ@ Bbhi@Ad VAuAY dhallibehd 18kt BRIt mmMdrWalue.
t hrough the expansion valve (13) is in a predeterm ned

eX G &V &plct DTRhd indBRUNM is HeAtefidesat D tabpirb@d adordiRg to the ninth
criterionin the lower-limt-controlled state.

aspefiofehe urehtbra sdefdin e dplfink MRt delctich ks (32, 34) is configured
refrigeration apparatus according to the 25 ninth or

to chieedt hapampeet lodfer tifgit i caM@idndovalusinelich ak tRecOROAICB@d using the
degree detection nmeans (32, 34) is configured to

operifYf d&gte, agaidrgérhehlaQwed fitst Bbridiganianiicl el frigdarg flokatrough
been corrected
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 refrigerant
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usi ng the opening degree, tqo a smaller value, if a
second condition in which tRe refrigerant 5 flow
t hrough the expansion valve (13) is in a predeterm ned
excessively large amount state is satisfied as the

T TN T A ——
i sGRBGEA e EfeRr en B 1o’ “%v%ﬁ%r@%dts%‘af%ﬁ cin the openi ng

Dot PP ThaTs ot %am?%‘ﬁ%fl R i%f'%ﬁa‘%%ﬁf 2 fﬂﬁﬁﬁ sggording to any
oneﬁfaﬁ%#%t ﬁ;{ ﬁltgge%ékgﬁ%{e{:tg ! |1%§%Ht{) 5 gcta%xsn the o eml'gg Xlegree Fetection
mef 07 o i 'f%ﬁ%ﬁ%h&?%?t %@%X&p%%ﬁ%”@w#&%}w APt s
oftﬁ%a?ﬁri‘gee(%t%vnea?zér%ﬁg Rl e BRI BT ?é%l%%@ﬁe fy "

?:fg EB—% %qu)e%?ﬁ? %Bﬁ{zeg@ﬁg% E%;r% uga’n]op agparatus according to the
i 8RS GABAL UL B o O AR 09, 30 5
con@nfg?rfeg& %}‘gorgleiih\‘j’vtgg%{llwgg%%e% gﬁr‘cfog%tpler%ﬂor\{ gtl gartugl 0% the refrigeration
aorRifs QB P o H@eéeP%nY&dvso RN R RANE 435 aagb%n iedegree

corre OMET conman e an I’'s COﬂ ure

detécﬁoﬁ g{efu?scg%fl (%?sel orgfﬁﬁgﬁé r X %gpg % %g?xrrélz?lon Vf'ilue the
dlff%éH e{ E&(»’E]raﬁ‘ ché ib%ve? &R NG de\?algeegfe%du?f%o%? 65 3hd Qveteontrol

star e refrigeration appar

rncI ng T g\t!ﬁ'e c%rrected Towel lng?Fchﬁﬂlgﬁd PAREGhd ﬁfcohﬂgxzrgg ’to g%rect the

tion, € openi ng degree tecti on neans

longeﬁﬁﬁﬁ PRI RRE LS qllgﬂgécﬁfecﬁ&ﬁ%hié gcﬁgégﬂﬁ%@ﬂl&ﬂoﬁpart (35) if not

etecting an openln gree t
performing the opening degree detection operation at startup of the refrigeration apparatus

(10).
- OPERATIONS -

In the first aspect of the invention, the opening degree detection means (32, 34)
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 operationr 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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20 openi ng command val ue for use in changing the
expansi on valve (13) fromafcl osed state to an open
state. The openi ng degree detection operation is
performed after the punp-down operation in which the
conpr essor gll) is driven with the expansion val ve
exppnsyn valyedd3) T thpsheting eldeyrodehe crompresser fidansThgp, when the
34) determ nes whet her the expansion valve (13) is
eXPaRia Yaseld Sbehangenbiprgelasad & enea sifte, [tamstpfe 455 gr@mple, pressure or
refrigerant between the 25 expansion valve (13) and
tempegratuge)cef gie veraressure Haltigsipt égwe&( 1Therefpg, |the “opening degree
gradual ly increasing, with the conpressor (11) i
detFHar (eang 61, 3thdelgds Mo gresnaseacs basad oahp ghangs infate of the
expansi on, valve (13) froma state in which al nost no .
lowrraessprgaichigerand sihdthe Srshasnect abthegnwsplanche APFHRY degregyarying
and the suction side of the conmpressor. (11). Then, .
AMCRE PRI YWl Shis\dstested( 1 dccurmededhis prhing dseiges a opening
open state, the state (for exanpl pressure or .
chafﬂ@ﬁﬁé@%?{fﬁ@fstwﬁé/alvmas gl s ffl’é”ﬁliepgeewwwmgﬁ@%@l opening
Therefore, the opening degree tectiopn neans (32, 34) .
ando‘gf’ &opol Wégeéﬁ’é’ﬁ?lﬁé’ Eiaé’gg%ée%sg@e Oh ymgﬁ@lémgﬁhe eXpansion
er.ant

LSy W o BB BBl b el abe 12
o RO SRRl B S bl R L0 Focor o, 1o

O PRIBL SRS Py SIS o AL S0B8 BELUBE B
b8 TR D S0 R SPBRY Bt v, i
peS BRI B S RERIT. bt b b o oo

n.the second aspect of the invention, in the
fe&%gﬁ%?gg(3egﬁgp§ ion, the high-side pressure of the
refyi ' Yy ! | ust wi t hin 1 xed range., .
ThePUREs BReltfs kS ROORY Sihathi b el BrdslpRgy prior

the @gﬁpﬂfoﬁnc&pg%{ n %]f%% ﬁzﬁpﬁ{éi%ﬁ%fép%rﬁfont E:l‘fe é!fénﬁéﬁég%é QBtection

cycte i's ant . _ aspé _
e R Ao e B PRGB! SRR e e

i i n - .
o 18 R B R SR R e AN Rk fhure of
me&ﬁ%&atmn_tcﬁvu%éécédséﬁ? range. Therefore, in perfornng

g

t he  openi egree detection operation, the high-side

Pr emSHE B Apt bef iitﬂﬁén@i‘oh,% Gl doPnrk BRS-AN detdifkd when

(=
the fourth aspect g¥ e invention,” an opening conman

the YRkile GURE TASHhMIE el @XSLEHE aOPrelBBmhiAA REPSRI Sressure

refrigerant exceeds a predeterm ned | ow side pressure

thre$HMIE VAR disVadii8ed Bs dRE e{ﬁy%ﬁﬂ%a@e%&e ORREN TR ARBARRM valve (13)
When t he expansi on valve (13) ¢hanges fromclosed to

char2R@Proff 8lbSod foheR sBRS URE pRissilr®Wr BSR4k Ere 18T ARF Atteases and
increases and the tenperature thereof decreases. The

the REPEHAIE tRfredRcic@¥EPT §88 W&shefdritge [@ﬂ?re@giﬁké‘ Qﬁﬁ%el%gt changes
faster than the tenperature thereof In the fourt

fastRSRAE theOferdpBRnirE YEHES ON In HReE fotAhUSpeEt 1T 88 SHtion, the value of
changing faster than tenperature iS used to detect the

presSiRE ChAHgirbed e 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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In the fifth aspect of the invention, when the opening
degree detection means (32, 77 34) gradual ly increases
t he openi ng command val ue and then the openi ng comand
val ue reaches its upper limt, the opening degree
detection neans (32, 34) detects the upper limt as
34) rstualbie picrgsasdhe epeninghedmmprs WehaKthe HrsgRenipg| cogmand value
reaches the upper limt, the opening degree detection . .
reaghsaiis upiB? linsy thegencatneglegtss daispaon mpast(3 &> 4 Hetests & wrper limit
degree 5regardl ess of the state of the | ow rSFsure .
as thefopenjag degree.  When the ppraing sqramard, ¥elpe sfachfseihe upper limit, the
invention, in the openin de%ree det ecti.on operation,
opening dsgessi driectien raeang dBectdiFtarinine yepsr lipuy asp&‘ff eiigadegree
first operation and a second. operation in this order.
fegﬁﬂicﬁih‘éftgﬁ" pigle ob desy laprgRssureeiigsERtng conmand val ue is
i ncreased by a greset val ue.. I.n the second oper.ation, .

whelihdie sinik 2mepbeisihe invealion ip i) opeaingslegrecdetrstion ppsiatien. the

10 based on the state_of the | ow pressure ref iggrq?t. .
opeTing dspAidRigC Ry ERISaL ctIPSTIOTRHH SISt 9peration Ak, Sipad operation
. the first operation and the second o ralti an.in th'g
in thiecpaRery i Teilirst GHOFBOBCMEPPFRE REMEBEAG TAIUG Jo s so5H! BY a preset

that the expansion valve (13) is aqpen. . In the )
valugay dpyithe see PPEptign, é?vl}em; ﬁlig @ﬂ)’aniilﬁlé vplgﬁé}i’;)' is oppn is determined

GRS e 1 ek e DBbHE, B s 2R s
oS R o RO BT S8y HERERL TR
o 2l Ao B SR SR ST 1o, 2oL
TSRy S B DRI PR e e
o A RS RS BRI Y IR e
Ak RSP B o 5, R R g e o
B SRR T A 8L, RIS 6 convol
o GETBR AR5, LT Pl AL IR EORERCL i v
ol B RSP el 8. UG e Q1K a0 TAREC1) s

reﬂ?%&% ﬁﬁhg%v&g%ﬁ% égr%@?lp({,gggg_er mned criterion relating

e anount o Igerant flow through the

eXpﬁ{]ﬁ*eioeﬁgMﬂla ok %flhé SivedtdnShi@ebtthrPvalue for use in correcting the

| ower - t-controll'ed state in which, during a nornma

loweP B dPimardd a1 9P BNaNG AQTBREIGh MRLHE ah Ss SRl vah dth8e 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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8 lower limt conmand value. In other words, first,
fromthe anmount of refriger&nt that actually flows
t hrough t he expansion valve (13) in the
lower-limt-controlled state, determ nation is made of
whet her the lower |imt command val ue corrected using

lowgthkmgpeemimanddeaiuee In othar wgrgs.ofyst, dtoa ha geountHdyefrigerant that
needed to be corrected, the lower limt 5 comand

actually uowss throngle dhe expepsion. valve (13) [in hpclowentimitenpielicd state,
of the invention, the |lower |imt command val ue

detesmination ¢l mesernf whethespibailayed igiteeomsand, vplaetcomresigaiusing the
to a larger value, if a first condition in which the

operiag, degrer anen ApRsOPHidte valgh t Heenewadsdon beegoyiecied atheilewer limit
in a predeterm ned excessively small anount state is

comgrmide/plueds ¢arectsd ageier - | i mi t-control l ed state. In
other words, if the anmount 10 of refrigerant that
act Wwathe {enth asectof theigrenting, thy haresilignt sompand Ytaé‘}e ¢qrectsd using
lower-limtcontrolled state is determned to

the epeingdearpaif eaiTealseragp @t & laEeHtEbIe, g Fet C&%\Hﬁ@ igfwhich the
refrigerant flow, the lower lim.t_ co nd val ye

reﬁtgémﬂégpedhlto@gla theafrxg)éml%mlée {I3ans tmapr m%ﬁt@?fﬂliﬂ?ﬁﬁﬂwesswely small
command val ue_corrected, usi t he openin

amquRkstaleay evshedinbe fowsr- ltmf&cw%véﬁfi St g‘fhea
command val ue corrected 1 %llng the open

of religcent deptagdeyipves Greayg F evRibgasion fvalé(es@gb
condi tion i.n which tge re erant fl ow throu

con@stlb%@n%?ts s {iglerRingd £9 o¢ sma cr Ea‘i* ay @P@Pﬁ?ﬁs&%’i e%%% appunt of

ge _ano nt sta:le 1S sati

2
refriegigs TP ite loutet LTl SRmRg alueiS GoiTERedst adareer valyg tan the

unt of frigerant that ctuaII flows through the
IOW%&D H§?18ﬂ1a9§"?718gf"1 ctedpsined FBWélrmg 148 cont rol I ed

cont B SehE T 5%%?@%%? m&ggﬁmﬂe@?%a? PR Sorected
LS. corre ted

|
using e BrPHER P RE PO RET A S e el e B B ondition in

ol BRI 0T o ST 1 i

exc%’s?_’%lsi I ed at Ilrtas%ittc-%I B gatlsh [ ioqx? Zinhjuf) rﬁrﬁ)‘i’i?ﬁas'ialfé In other

hl ng degree etec@ i on' op era

worlls 1f ik %Fn ‘un{ I)f IIeH‘F epﬁ'n?ﬂ}eatt gge 1 eﬁo&? ﬁgb\%éhotﬂe fgg&gfon Valve (13) in

fsl jfﬂ:pe amount

wer-hmlt—

satl s Start rrgera aratu
the Q%Qgr-llng;p-%oﬁpoqﬁd nsgat? 89 rd%%nﬂ?ﬂe ﬁt%) hl?eglsag)%e‘? rtﬂgu* ?lﬂij Eﬁproprl ate control

targEtna\fthtn't 8f]r geqaﬁj[ ffof\»?rﬂ? ﬁ)%fep ) n&{f%rég\‘xﬁi AUELs dobfZhied to a smaller

rEnd VAl revi ous y se val ve contro

Valug‘?%sthé %%)er?l?fﬁt LEmER ¢ 86 %éc&%ing 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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9 limt command value is stored as a correction val ue

into the nenory part (35). Pf the opening degree

detection operation is not perfornmed at startup of the

refrigeration apparatus (10), the lower limt command
~value is corrected using the correction val ue stor
limit gommmndpizbieyis sired p38)comsctnrpiyesingg the penQUERAT GRp)- 1 the

According to the present. inventjon, since an qpening. i
opegagr GegreaiFERIqTs ORpraBYRR i Mt cRRPERED I TR of e reffigeration

changi ng the expansi on valve (13) fromcl gsed t
apparefse(10], shejdvveat it LosmpHd walpm s FOFECHRd| Yang %se)

controll ed using the detected opening degree, a
ﬁm@%éh@ﬁ@“%%%Yﬁ%iE?@stic of the expansion valve (13) is

refl ected in the control on the 10 expansion valve
EFRQQ@S(HﬁTﬁﬁﬂﬁyE%BF§§} the control on individual

expansi gn valves (13) is.carried out .in consbgfration .

of ArsFEmgie i BEtsRE B eRtiRlh JINGEi AR CBXPARETHRC VUGl an opening

(13). Therefore,  differences between .indi vi dual .
commaidnainsrioy 156 changing HeexpRis YA ﬁlﬁ??fﬂgl g%ﬁ‘&ﬁ? oggn state, is

o A B U Bl RRRLER B e, o
ol S0 5 PR S TS 0l I SRR oo
oGRS 58 e SR RSP U a0 g 19
o ol P S e S T ER G451, 188 19
G020 B R HRMA LA LI AP TOIRR n e
o P BB PSR 0 DS e o
oM SeRER AN BT HRRE Phghhes, (1) 21 o0 vl

Thek%&?rcriﬁ ttohf?le ds%%n%earﬂ:{ tlﬁﬁagﬁ%gﬁﬂs rbfsthé‘tiﬁv% ion, in Rer.forrning the

| ow- pressdare refrigerant upon-change of the expanhsi on

e
Red Y i . .

i 10148 SREHL AL i R g

ope?fglgfl gr&ndetéétfbﬁeol?é?ﬁidﬁ', Ghe $i HLsiBE SN RfrinkeN@ie opening degree

eration cycle Is constant in performng the

detQBER| P A68" $ouldelBhtd AR RBEE AL B8, ofehBinkeldddd®m@Nkuch as the
pressure acting on the expansion valve (I3) is
tem! ﬁf@ﬁﬁ N diPdeRandgRt cRldcARe aRPHA! ke g&and ;pirésané- actih® on the
erefore, the degree of change in state o

exph&%ﬁa@@é@l@fal@@tﬁohﬁ?&ﬁﬁée HRBALiCHRANEE oﬂératﬁx?ccﬁﬁﬁﬁﬁﬁéj OTherefore,
val ve (13 o the open state is not dependent upon the

the ABEALf rbﬁar?%%nﬁi $chiB Y 1BWLpreQust RAkgeri i pbn RheNEAES tiRNexpansion
accurate detection of the opening degree. In

valdel@ 3§ @idehRERERE wolild PeyiRY&THidDAport e opeladag Qbnditions, which

pressure changi ng faster than
would make it difficult to accurately detect the opening degree. In contrast, in the second

0 open
corgection value
n

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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Stenperature is used to detect the opening degree.
Therefore, the opening degrgk detecti on operation can
be conpleted within a relatively short tine.
According to the seventh aspect of the invention,

THePreq SR PoUBPET T EIocOn AR P R BB change of the
cxoR A B i e oPS) S gt BGEBHOTE PO 0 G cpgiions bu

10 command val ue. |f the openi of the expansion
Conétﬁpﬁlgm?fovd‘?esénéﬁﬂg@ﬁEF@H@‘?H ‘?fgﬁ? PR&% 48 Cappar at us

(A0} ML ESHE o SPLD,hl GIE f HE SORRS e i
S EENA S R O I T
o RS B AR RSB U2 S0,

L et B B AT R o S TG SRETL PR e e
s FEARTEE000 S5 Dy S0l BR Py R AR e
o GEEHSHAR R RIS AR ARG e e i

e “‘anou
fri I d : .
confid DR 1 B 0 B B0 ph O BRSSP coons
e i 53 L P P L B U R e i
o SREYRD OGS 0L 6l BB Ttah S5’ e,

I L t d i | e .
ol HE et BETRaEn VG Treobafe SR sieh Gl Uity pygct n he
co rgss&a{'(l‘f?is' c{é&%aiegpé\}eqﬁf Akl ansila?lexyaﬁeo{lg)eigvﬁlﬁﬁﬁ%éﬁgs an extent that

egree Oof superheat of refrigerant suc

the %E%ﬁgg %?ﬁl;naﬁ& 17}1&:9 SQE{CEQSS'&I% 1o BelL NP ARSIAR] ¥Adntsy bABk expansion

ottle own to the expected 25 contto

' | f ob&hidd)l Sn tHifilcSse, th £
IS SPRRLO8 B8 SRR, ARt Okl By (bl o

refilig2Bar® ¥RANBRLH eV Skphatsddn %F&n(qgl Ibas8ds AP thd¥ethe appropriate
appropriate anount of refrigerant flow Hence, it can

am&fit RF SMEBLER AHRtand NBele®frt ] B8 pABhoBsREHat He réfigerhdt sucked in

conpressor (11) falls into a wet state because the

the QSRPASEANIVRIMB {3k wanast hey hbf et tdigdndted. t Nenlike this, in the
expect ed openi ng. According to the ninth aspect

seveth talieect BY BRtih®tioh) t'hétolpelﬁih? EhhiaGteARRUBE thefexpansion valve (13) is
refrigerant that actual flows through the expansion

refl¥@bd B thé dwérichid om@aad vhiuBiahd elentof@l lieth &inahend Balue is a value
determ nation is made of whether the lower limt

for CQATRANdIYeabits Codtivest efdiveduall &pRanspeniilgesdg@Beeare Stalibn into
appropriate value. Then, if needed to be corrected,

conkideraliower Thdréfote, GaBRBMNE Vadréte of Sup&hefcifetbiagaim. sucked in the
Therefore, the lower |imt command val ue corrected

coniFes3gr (1MedapeREs) th ReforCAIvE 30 @nirl BE thecktled dawnms ehe expected
appropri ate val ue, ereby the flow control using the

con@¥P 8RSt OdperleVer bl Dpenifg trivar k@OWeis- | Thist prewamty dat ele amount of
state can be further 10optim zed.

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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According to the tenth aspect of the invention, if the
anmount of refrigerant that Bctually flows through the
expansion valve (13) in the lower-limt-controlled
state is determned to be snmaller than the appropriate
control target amount of refrigerant flow, the |ower
conjpresiser (& bnfakin ihty alwes sfate hegpysedheekpansian valve 63 ) wanps be throttled
than the lower limt command 15 val ue corrected using
to thapxpepehoprgitgegr ee. Therefore, if the lower limt
command val ue corrected using the opening degree is .
snafirearding smtheménth ppireshef the mvertiare firsty frem shayanount of refrigerant
approxi mated to the appropriate val ue, o
thatpaseunilyi iy Greusd &F subinsivnaspet {130 fin tthe lowgrdireit-epntrglied state,
t he anobunt of refrigerant that actually flows through,
determinagigpansiags efavbetherithy lower hent eoiamand yplue ceonteetsr| usipg the
state is 20 determined to be |arger than the o
opepipBrdspier ag an apntepdte valuget Thavp ifniceded fodhg sogescads the lgywer limit
the lower Iimt command value is corrected to a
comypaiid| wue igcowegtehpgaihe Thsripra, the loweb Hdinkpmyamgevalue corrected
.corrected using the opening degree. Therefore, if the
usingoie OPFIRG SegrBTRtner CUTSFEIds i BRIeAPPIRPIIRE Yakee: Sperbghe flow
degree is larger than the appropriate value, it can_be
coniphreng Mg ePardon Kalvadbilobrt & dewrme-conimolled itee ifgn b further
the twelfth aspect of the invention, whether or not to
optigdgedy out the opening degree detection operation is
determ ned based on whether or not the, predeterm ned
 conBreadieits tha et pache LeAPYEHOBs g arrnt geraipgAnt thet

s BBB R0 s By SRSt in R B RS g i
cerginoyeain B SEHUF oRt B8 ePpropie Son g s B GE Y flow he
oo R BRGRRE 90 5B 0 BTl SRR P RES command
e S NN e S TR
ol BB HRGURE 43P HBBP P AP 0L cn ve
fWP%P%§?§§€9%95 S?ﬁg&ggékgp operation is not carried out

up o e refrrgeration apparatus (10), an

ope iCC g@@ﬁ% ﬂ}ce%egg‘%eﬂﬁ &sp & Jelie SXBRNY ', % @X%g&gﬁ%ﬁgﬁam that

refle ower 1mt comand va

acn%ﬁ?o%%\/?%ﬂggggﬂ e Eﬁ?ﬂaﬂ&oh hﬁalve@(%ﬁsiino@lellgwh’iﬁlit(éo%)xoﬁ@f‘ 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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BRI EF DESCRI PTION OF DRAWNGS [FIG 1] FIG 1 is a
schematic bl ock di agram of B refrigeration apparatus
according to an enbodi rent of the present invention.
I5[FIG 2] FIG2 is a longitudinal cross-sectional
vi ew of ap expansion valve in the gbove enbodj nent of
Theptfareptt €a@ e breigaiad ﬂmp@lmsﬂewagetﬁcw QPEgAigpHs carried out at
showi ng the flow characteristjcs. of expansiogn yal ves
eve oA YRRo LGV BRBER AEERE? L0 énhy %@@ﬁtﬁ:’i kit {cgg, time to start

5FIG 4 FIG 4 is a table showing lower limt conmand
the YommpbepQalion. n a4 val ve control 20section in the above

Z”?Rgaiﬁr iﬁtgrfgftlg%gﬁsnﬁéﬁﬁﬁggﬁ 3%%%? inﬁ%’ﬂ' F:%(faﬂb? '@g'rcgeginigsdegree
et ROk FReTaany oo TS CA B P S ORCEH R i DRSS bl lower
i SO R e e s R oo G e LG part o)
o GiehaP e SRk ahBr eeeb b N i LA BREA e ot
refigRLaon ARgratisy GO B 0B LaleRiiis Ohbs FaPgRovalve (13) i
reﬂ%ﬁe{#ﬁ% fvPe? i}%flit L8 B0PVGuS TR TRAL 790 LB PISSERL expansion

valve (13) can be optimized.

BRIEF DESCRIPTION OF DRAWINGS

[FIG. 1] FIG. 1 is a schematic block diagram of a refrigeration apparatus according to an
embodiment of the present invention.

[FIG 2] FIG. 2 is a longitudinal cross-sectional view of an expansion valve in the above
embodiment of the present invention.

[FIG. 3] FIG 3 is a graph showing the flow characteristics of expahsion 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 1s a schematic block diagram of a refrigeration apparatus according to a

modification of the above embodiment of the present invention.
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LI ST OF REFERENCE NUMERALS 10refri gerati on apparatus
11lconpressor 12external heal3 exchanger 513expansi on
val ve 1l4internal heat exchanger 20refrigerant circuit
2lexternal fan 22internal fan 1030controller

ressor _control section 32fan control section

31
LIS?&%O FERBNGENUNERALES on neans) 33val ve control

section (valve_ control neans)
1 refrigeration apparatus

11 COMpressor
12 external heat exchanger
13 expansion valve
14 internal heat exchanger
20 refrigerant circuit
21 external fan
22 internal fan
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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34control opening correction section (opening degree
det ecti on nmeans) 15 BEST MOBE FOR CARRYI NG OUT THE
I NVENTI ON An enbodi ment of the present
invention will be described belowin detail with
reference to the draw ngs. .This esbodinent is a )
all F%‘?qﬁf’@ér £ic8h Maf ]E‘%F’éar(tlﬁ)'cugc@& APGER IS0 11t BeVERI0E S@FtPression
20 i nvention. The.refri eratiog apparatus (10) of this
refrigerRbian segle by sireaitg hetduedantdnegtoNeher refrigeration
apparatus (10) for cooling the_interior of a. .
cont B rf@rn.p@ﬁ%r ke }sgé%sp?%wh affbafpdc, (ap)e high-pressure dome
configured so that the preset te rature in the .
COmBRESERT ol B (L HERE OB CABETEEHN (bR 1S MBEEiEt e R sige of the
relatively w de_tenperature ran for exanpl.e, from
exteragl BeqtFXalanger G3he. LRGWALGHSIFS £f the COPRESIE bd%P%eB‘ﬁd fo the
pargtus (1 i ncl.udes refrigerant circuit (20)
g“gﬁﬁpéaﬁIﬂFéﬁP%%¥P¥%%P%¥{ﬁQThe refrigerant circuit (20)
I ncludes a caonpressor (1 an exter heat exchanger
(1571 SRl aa Shciraede Lo e led By d miaeSfasa-be hea
xchanger (14 4 all connected,therejfn.. The
exefEPE o s e b §f (8 U ERb Ok 114 dpf Sxtemal fn (21) for
onpr.essi on refrigeration cle ciycul ati he
feedigi PrGRRLT o e Peine hrghex ibseet (o rhi gy @afea Bghapger (12
constituted, for exanple,.as a,hjgh-pressure,done.. .
profifiiial Sifitngs BryRet bt 8RB O RBE RN r el B sige of the
extérial %gtrl}ne?(%ﬁa%%elt 82} E;ecoggg’ctesd tdo%hg gxptaQS%OH valve (13). Disposed between
the external heat exchanger (12) and the expansion valve (13) is a receiver (15) for
temporarily accumulating the refrigerant.

The intemal heat exchanger (14) is constituted by a cross-fin-and-tube heat
exchanger. Disposed near to the internal heat exchanger (14) is an internal fan (22) for
feeding internal air to the intemal heat exchanger {14). The intermnal heat exchanger (14}
provides heat exchange between internal air and the refrigerant. The liquid side of the
internal heat exchanger (14) is connected 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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5 external heat exchanger (12). The suction side of
the conpressor (11) is connktted to the gas side of
the internal heat exchanger (14). The externa
heat exchanger (12) is constituted by a
cross-fin-and-tube heat exchanger. P osed near to
plurliy ek sespms ﬁmﬁ@%bh@tn@érdu(cmgmssdeaﬁ &&@Wswarﬁl) of the
(21) for feeding external air to the external hea
refreseedmbusirenit (49) 2 Hgb-sider resrire Reser EDHartjgrosed 39r sietectmg the
prOV|des heat exchange between external air and t
preysaterqfdugaptessurh ecfrigeantdlischarged froph BeeRmpr s (Hé)at " the other
exchanger (12) is connected to the expansion valye
han(iala:s}he Tetpbyeyolibe grapresses (Hhlt %LOWawfld%réﬁsué%&?ﬁaQ{g@?) is disposed
and the expansi on val ve isS.a receiver
for fiéﬁeﬁf@rﬁ’ér%{ﬁﬁspv’ «afc@meaﬂelr%gefﬂa@a@telfwagé@%ﬁ@ Intpy : Compressor
i nt ernal heat exchanger (14) is constl §@ )
(Il}zr dds meagurgehyalpernd thehigh-sids pé@@éhfﬁﬁ@%ﬁor '%% doesige pressure
to the internal heat exchanger (14) is an internal fan
sengop $34) g detesded 1 W@apgﬁié?ﬁﬁ{e air to the internal heat
exchang

o o BESEEY ST ARG AT SEPMIEH S HABRl AtV afeevaporator
an eg;f@eﬁ%gggg}m; g0 @ah dhpasaddor LSRRG gty of refiigerant
owigs bito S inieia Ry RSB 6y b Omote ARF o & fhe et side of the
mtear@a? e dcirdes i 'gﬁ?i?es?{tsfﬁ??rsﬁ? %%Eéﬁ&éi ' Yihetipdpr Grccting the
terspABFS o %facﬂfaw SuEss B ihEe %¥g6f§45.| Ruripprmore,
in e SiRT PG U D it 6%8*"({35 ‘3?%? BBt ssppoq 2 i
distfodH fop ln%‘egg@fq%gt O'E' SHerde o ACANISS B GATRESRANA neat cxchanger
14k o B Lty E%t&')sgmﬁe%é)ﬂ %?l?lﬁ‘%@%h%'tcr"o??@éﬂ%l
-Sé%*%%%ﬁof?%as‘iﬁ%&tvﬁ 2hoai ment 15 L?gs{géhogl so

W oo Bk Ul (1) OF yRSDBAI S SRR [193L oVt ol motr

di sc e conpre

opefa g%' anaﬁh %l(f&u' Hefe?Qhe & ﬁ(ﬁ'hsv'aﬂf% glr?:zsv?iﬂ' HeSBERABed with

sposed for detectT e pressure of
refeidbiPERSSUr e refrigerant dlscharged fromthe
conpressor (11). On the other hand, at the suction

si dg, tﬁfz 4 sr?ﬁ fv@%?@r a bt mofor! (P34 i LORRIES B resolenoid (72) as

sensor
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
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5 for detecting the pressure of | ow pressure
refrigerant being sucked int® the conpressor (11). The
nmeasur ed val ues of the high-side pressure sensor (23)
and the | ow side pressure sensor (24) are detected in
gauge pressur rance sid

screbit dn 0 LAy 7x Eitarigelc (161> Gerd Fnipoded SHU 0 dpbraPLHT) and
_an entrance tenperature sensor (25) is disposed for

dispgerddeterisgd dpwnwaidper at ure of refrigerant 10 flow ng

into the internal heat exchanger. (14), On t he other

hanihe goterH@siegi 15 1sg@onrieq Ak Erhéﬁoﬁzcﬂnt?%éiy BB (rahigapr valve
boc 7t b 14v BB RS HorE a1 /58 ik ToRBSLGIp B seross
cacy e e AP PGt Rt OREe AT 8t SBRENEHge L PAve by 78) s
o b0 IR ALA BEIR0oh 2 2 RIS e, ) o o
sk gty InEAGo o, BPECNTGT 1 HONECRBNEPBRES © (8 second
o s S N A . e Lo o).

5B B 8 R S R B0 i gom e bt
@R LR R Gl A st OB
cyiEgiehaneer el spreuSrea (51 TRG ARCTel sbise s yladap) and
e GBI ThoFe PARSPBIP) ae PR bl (B Bfmed o
sl A PR TR B o B 2 B on ot
o L A B SPML Al PP ] L HEPU) e o
mo%géﬁhﬁggyphthe outer periphery of the bush (77). The

as a hole (77a) fornmed along its rotation

o RS BT e (155 B o xen
downward in the hole (77a) with its top end fixed to the rotor (73). The needle (76) is
inserted also in the hole (78¢) 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
(78c) 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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screw. In the hole (77a), the needle (76) is fixed at

the top end to the rotor (73} and di sposed to extend

downwar d. The notor casing (71) is nounted at

the bottomintegrally to a columar val ve body (78).

In the val ve body (78), two holes (78a, 78b) are

f or BEpANSION msaﬁﬁy forchess §) ths SHESFTaIoReRPPREITYS (AY) are products

channel s that open laterally and dowward._ The val ve
havmgd@ nEzEyun SupEEhebeendof prises &nd Oie%\éﬂaaﬁ ﬁPhP%ane% EV_max =

80) communi cated with the holes form
2000).r shs shewvis ée ke Hi thesq Pragycts dgve éef?ereql ?I@@ieg;sucs which

The hol e (78b) connect ed to t he sec

shopnihe relationship tsbveradhgpumber Qfaﬂov‘éols,@ﬁ%es ((lé% aF%Shes%%?W@f flow
the valve elenent (76a). Int val ve body %g

thrgngh ethe 76ppnsign awaé\@ ﬁb})néfar%% Eses%rﬁ% FﬂR}édeW Bt gange from

Ch%é"@%wéilég A Hegasicsmie hana ol EhiaHs g & Hldicates the flow
gl @%%@zmgg BRI SR e BT A e
ot il e i B Ul H thrgeon e
13} e ?‘?%‘)fafetlﬁél"?r&gé)la“%”?%)th%ﬁ&’é Y a a%kﬁﬂst.l GG dndicates
thet(ﬂgi.gc %ra\étaeln\égc B d1¥ F‘\gp %].P XIBF (L’g \%rlﬂ)ge lwl I ger1r°, ?geismﬁ:g%gf among
2 th d
thefe %ﬂléctﬁq& (fgefs)pgwﬁ@cﬁ s osiﬁa&tgl‘?) ol ¥1§“?01ﬁ‘§fﬂlv9‘ﬁ?%% between
diflepaLap 7%?8% heehain e &a‘iﬂs?éﬁgiee@‘ﬁnidﬁ)i Felch 0, Pfipfer of contl
oo T R Al B S T S s
76)
stat%sls rolnhE%phgﬁmgﬁqQ/g%es roqg er, gy;%gla C(#T Qtﬂg 1& ?i\x ?ﬁ?ﬂ(C) pulses
(forceﬁ(a;nﬁf“et E%Lﬁggbbgqébg) 'lt}% s‘izﬁ%ar\ﬁaclf\fﬁe 6@ (’,%}g ogxré\?\%htgs‘?%l valve

e’vakve Rhus, upon upmar

(132%3{%% s IS heb ﬁgvg’}he?t%fqr‘?ﬁﬁﬁ ﬁ’ﬁg V%gaﬂ&? urﬁae!?% condition in

) accor y noves u

whlflé%:tbgggéggt;‘ F[ﬁ%gg%@x%vl(lal%)e iAot Be tthbe c&ﬁl %@9&) rél!itlJ rl%%gh (for

hi s novenent alve ele
the lower 25 end of the needle (76) noves up
mwﬁ%%?éowg relative to the valve seat (81) (i.e., noves
F fyongi tudinal direction of the second pipe
I ne thereby openi ng and cl osing the expansion valve

(13), cooﬂi operation FofRBBBASTheiMMBS of t:h%)cofcpﬂoﬁég in fhel MRtainer is
refrlgera% gn apparatus (10) are products having a

des%ﬂrﬁérﬁrpké\;‘;/@@ﬁorpf)f %%T@éerﬁiﬂnsﬁfpafaﬁ}é) g@ﬁ oEVhiRBdBhent. The

exanpl e max = shown in t hese

cooHﬁ;? gﬂ&ﬁt@oﬂqﬁ\é%cginfaf @ﬁe%ﬁonf fo?‘éﬁﬁaﬁfgatﬁﬁ %ﬂlﬁérhtﬁ?e of¥hE @rherlor of the

show the rel ati onshi p between the nunber of control

colPsbS8E thde\ a%gcet Reb BRI ThOWoiRgt dperitiah it RRrted when the

expansi on valve (13), varying fromeach other wthin

con{pﬁléasséramalg r REVARAr agt eit Thic thé Nefridetdt Gn@ﬁlm@)" opéraes in a

Li ne C aracteristic Line A indicates the fl

refifRANiBR GEleSh ivihig tRNeRARANTROBxhBh3e ((D3cthos @oﬁdeﬁy\er and the
rate i s"the nmaxi mum anong these products.

1nte%@ﬁ@a@%§éﬂaﬁ%érq14)lz{¢@s B doWhsahes the flow
characteristic of an expansion valve (13) whose fl ow

r at §pdcsiiAUS Ao ecRipRAGIt UREBR AT AHCTHS. cotdbRésssit AN) $élkdkes, in the
Li ne C i ndicates
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10 the flow characteristic of an expansion valve (13)

whose flow rate is the m ni Bum anong t hese products.

For these products, the assuned range of individua

vari ati ons between different expansion valves in

openi ng degree (EV_LIim, which is the nunber of
exterpalt reat cpiipages (é@v}heﬁtoio egenilnaic imsghdegse he hexisaresram having

val ve (13) froman open state to a closed state, is
conflensad BV thd extenyl et sachanger (1@k anpiducedain prepswepy hg@xpansion

to EV.LIIimMC) pulses 15 (for example, EV_ LIim(C) =
values0)3) anfd dhet Anwarigtcothet interfial dgat gxchangerdddh drphaditemal heat

val ve (13) is determ ned as the anount of flow thereof
exchangen (14, bpanftigseint itakes haetelrom insmal rirda dvapavaicch Grhihe other

preset tenperature in the interior of the cold stor%?e
handgthe érternaheen spokiiddty the siteraxlahept exchame) (14) isdpdRAT fhanold storage.

20A cooling operation for cooling the interior of the
Thecvsfrggesand hayag iovapdyeted dn ke insemaldhedegxahppgeg (58 igrpucked into the

operation of the refrigeration apparatus (10) of this
comgsseli (Fbhand comeresersd thergitoper ati on is a nor nal

Oﬁeration for adjusting the tenperature of the

- CONFESUBATHIN (HeC Nﬂﬁ@ﬁk@%ge that is a space to be
control l ed. The cooling operation is started when the )
Corr’ﬁ-ls élg@g,beq mgpquuglya@jleic\gag relder GO inpludeschg@mpreper control section
refrigerant circuit (20) operates in a _25 _

Glh e faepnifgl owctige (&2 i Wlve rrontiel &setign {dp) Redta control opening
exchanger &1i) cts.as a condenser . and fhe interna

corRetian seeihey 6 r 4\}alxéq:§(§1trg seg¢HOR SPagtdytes a valve control means.
Specifically, the refrigerant discharged fromthe .

Theconpsplapsaing @911'76%8@%@@3@41 pnpfates 1 ofryag leares delgetion means

cxehanger (12). dest Lo Xhsy Il Rif 1 o conenee Tl
T N WSS R S TR LN T L
1 RENBES gl S b PR P R g s v
I G R e T TV

xRl ARSI S ABLED ] B RARRE o
R L e
sidetsg%tssﬁ.lg%tiﬂ %é %fn(ggl%}ioh nc%chédG§ c%n&&'ﬂﬁé She one?a?i%%rQAndition 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
extemnal fan (21). The fan control section (32) deactivates the external fan (21) also when

the compressor (11) is deactivated. These high-side pressure reference valtues are set at

higher values in the later-described warming-up and pump-down operations than in the
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10 (31), a fan control section (32), a valve contro
section (33) and a control ®pening correction section
(34). The valve control section (33) constitutes a
val ve control neans. The control opening correction
section (34) constitutes an opening degree detection
normaapperation. Specifically, the conpressor contro
section (31) is configured to control the operating
conblig ivekve ofontrk seasippr 683 01s ¢amfiguredofo enatigll e ppraung of the
conpressor control section 15 (31) controls the _
expopenavilig (tApdeiing tef cotleng eppebes or Tiel 13lve copbphgeetiva (33)
measured val ue (LPT) of the | owside pressure sensor
perfoay a tseperhent edetrelr by pedrolléng thedopgaingeof the expansipevaleh (13) to
~control section (32biis configured to control the
bring et degreryofcwnerheatdfl) of rafrigeranitas thragxit efiihe igrnalfeeat pechanger
internal fan (22). The fan control section (32)
(14)torat nredesernhiecdniegtieds fepmeppleswarhsat (fortpramples p1(gler Algvyer, when
cycle by controlling the operating condition of the
the Zgteeted staingl (HRP eDihe highesider preature seqderA2inEcapisssof e¥ceeds a
val ue (kwng of the high-side pressure sensor &iﬁé@
predsfesméngd third higbtside passregeioencs sahue (Faregpmplse? ), the valve
during operation of the conpressor (11), the fan .
conigeinicriann Ea¢ opmeawy B\ opseine\ftthe exnresign valva i 3) i a ppedetermined
On the aqther hand, when the asured val ye (HPT) of
degreRe Ih PIFIRIER G elopthe sypsraca GoafP »(t23)°~‘§‘f°§| qﬁ% Li’é%h-a\ﬂﬁ Pressure of the
second hi gh-side pressure reference value, the fan
refriggiRtiprydect i on (32) deactivates the 25 external fan
(21).

oS ol e P e 00
detcgpipes e Tl GhGrpLPLSE (VR PP RPSt UOQEgt B0 qPecat (SI) of
reiig b B H GE; BRIl hearpapter 610 e de- Sty P agpermest
and pS08 1 E95 Sgpt g TRe b A5 RRBREA T B! SR TR PELE &) o
the B PRITAD VB SHERFRG "6t hY enp Ao B aeaar ob STesoéy () of
refrgpgnb AP g et ar Braa o cafthgtn i, & AR e SRl free of
sup@f e VeSS RESHGEH CobGReRe BARLREH chflrpb @y oo
tre et B3 HedRePeRT SO RBE TS of Felhteft BRREER, &t of the oterma
heaf GLELEPPQLY Fitifoot 1S 0e AR ehee LM e e KA scction (39

dem%éﬁ?ﬂﬁ%ﬂﬁﬂ%?é??g@%g1ﬂ§%(ﬁ redetermned 10 degree, in

preference perheat control, to reduce the

hi gﬂl’tﬁé qglv .rc:gﬁtfcfi;sgctﬁ)fn (?Ef ak %ﬁé\i’lﬁﬁ{ Rl Qf‘loque? lliﬂ%ihcommand values

Moré specifica I'n Yh8 superheat contro e val ve

(Evg,gﬂg}églll? q &/%rqﬂnl(tégg’f)thgﬁﬁl?lﬁé? (g:cgn{r&epu ghes P&triot‘ﬁ@l?tssébpﬂccording

( 0 approac ree “of superhea

r{QGLAPRSPlortie &Xlibn EmbBGnEERR! (2hPahat fi
to}@%?ﬁ%%ge?%l?§ fo tﬁe %%é??edmgegreesof su ejrahe&zlaltfn"e 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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15 and out puts a pul se signal conposed of the
det ermi ned nunber of control0pulses (EV) to the pul se
notor (75) of the expansion valve (13). Wen the
degree of superheat (SH) of refrigerant at the exit of
the internal heat exchanger (14) is above the desired
suctiory teamenfiurs sprson 4 inareases al'hhe vebistaopirolsisetiono?3) dgermines the
i ncreases the nunber of control pulses (EV). On the
numhened deatrdl, puiesn(E\hewithigr the 16725 figBr ealowesiimibrommand value
refrigerant at the exit of the internal 20 heat
(ENExdh dregdovemeptionedpedxspumhelugdEVe 88X Hegr ee  of
superheat, the valve control section (33) decreases
t he Theispetrol sevioatcpurction ssaEor ¢) is configured, tg pepOTIRAN ROCNING
control section (33), as shown in FIG 4, lower limt
degresriviastion aparaiion ehvicjecting therabayemestipted appaing degrep ﬁEV Llim), a
nunber of control pul ses, are previously set according
first gomesiion operatian @é soTFEINEJhe donersiaiti copmasdpeEiug L) USing the
sensor (27) that are operating 25 conditions. The
detecgrgeapening; degres FHMnblipal apd s seend) cozregtiqe@peraiipd afjcoReping again
each tenperature ran e of neasured values (RS) of the
the Jower bmitt comasng: valee SeVkbrorertad inrfheitel ¢rsrestion geration.  The
lower limt command val ues (EVL) are set to reater
conggl PRFRINEGPETgERen %p%(%mgs:rf@mstt & opeing desr eocﬁetec 100 operation at
enperature sensor (27) increases. The vaI e contr.o
Sta@@c@f th rqirggraiien anaaRes(1Ph anf hpieriorms i e °°§£ﬂ0§%% operation
wi thin the range fromthe | owe imt co
Justv aﬁ@;eﬂxeemm%go e5E BISTENOREEAR E%eﬁﬂaﬂﬁev &momrol opening

nax ’ con rol eni ng, correction secti.on
Coqegfl%ﬁf:?twr )tlb"”%?é‘iﬂﬁ P 550 @?ﬁf??élones%%ag}%*eduﬂné e cooling
ope%%%ﬁftngr?ﬁaé G bardRanh perion 32&2%}1&22%&8%@%& ?%nuse in
BB e A O , of, BEpd comin
op i o it o limaPoheetebur KRR B TR R ot vaiee

(Eforrectlon Heratlon The control opening correction
? performs the opening degree detection

ope %tcﬁﬁtrﬁl%&%‘%ﬁs}%&r clf%noéec{ 8¢ & n(rsf)f Lﬂc A %@mor% Jart (35) for

app en per It St UCor T
SoBEBE BRI RS o7, DAL ESIELSLL A s
capglﬁg T&%{i&éﬁ}e &?feﬁt?&%%aé§£@§ ea‘aﬁ T‘Pg He?l&»trgggrt gf@ ég{:{)r%ﬁtuted by
a s?ég‘r%r gagx nfachgso'iﬁ (i@ zgclr%%taE%/%r?sig?d SRJ&'E{}%%H{ Rven after the

lﬁﬁﬁgﬁﬁﬂhé@ﬁgﬁmg@H&B§p?§&Q@gﬂ£orrect|on 15 operation,

command val ue (EVL) but al so

-0 %ﬁﬁﬁg@#ﬁ GBMMRMG £EV_adj ) are corrected.
0

contr openi ng correction section (34) includes a

fre rrWu)[ o?ﬁ@%)ﬁ&%g%nsf Hihd E&{tfo?ﬂg%g@? th& 5%%1?{?% @ééré’ea(hét'&tlon operation

(EV_ad e nenory part S CO ut'ed as

and”@\/ﬁnﬁ%t 9&?%&%%&&% 0f .%@&sscse'ﬁr SEtdQRivea! Mow. ,Bhe opening

e nmenory par I's constituted by

degPleBdd: ugglbg&%&? Gh %henﬁ gbfrrécﬁgﬁdw&eﬁalﬁ_@ﬁ af@Perhd in series and,

store even after ref rigerati on apparatus
thefefdR}, Wil RRVEELHLQS ftogt&:ther 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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- OPERATI ONS OF CONTROLLER - Qut of the

operations of the controllef! (30), the opening degree

detection operation and the first and second

correction operations will be described bel ow. The

openi ng, 25 degree detectjon operation and the firs%_ ,
PerogReh dTiop 0 irernepingiicares dskiction Rpeation. 8k stegup ghthe refrigeration

therefore, wl] be descrijbed together with reference )
appargius) (G0)-5. Thegsiprse th PETOING-Whh ang PEPPONE: PRFRUQNS 415 drscribed

.(10),, a warm ng-up operation_and a punp-down operation
prloaﬁ%zhezifscg@ﬁl% ngé’a,opsrr%iﬂe&r%e @%%C%B@E?rﬁﬁmaeg ree

detection operatjon, at startup of the refrigeratio

apphirg gdep 1hs TergEREPY .a@i?ar%tﬁ%'? ri%i Sr’iiﬁelﬁlpu%rfg Step '1°(5T1), the

corgilB OB PRI B myati B ErEBTm b Sparp greraton
i S (SBILEE dopersy A resrey on G5 Saibofian Spgog ) and e
AR G o erinGpey 5 () PUrhmEtogfe e conrol
secf LR R0 BHSSUETY Biop By Bt L A Ba BN EY Ll hpeoct value
ol A 10 SLBSLIDNS: et I Lo ol of e
b, A P St 5ol o BATRL o BHRE by e, o0
seop BR3P Yl DR e DB RENIRO T,
Conp SLUTHT thd PRSP s T B8 WP Yol conls the

actii%[colt | agltrgil cée%§%¥]aiéi%atoli}%l%em@{t§ﬁlglgfaﬁRZ @ﬁt?arsga %)19 'Phecﬁ%l%cg%{ ?621%1 ?HPT) of

eactl vation O e externa
e3P s Gehcod. SLURp AT} BN BB o e

hig?é—?fdg gyrés'a?rpseﬂg rt(% ex%éeaﬂif | éﬁétﬁlﬁ‘ﬂgiﬁgcg ;fic?rgrh he&ae plgesglﬁg’)feference

xceeds a predet'erm ne st essu

valﬁceg{il'ﬁ %{Aﬁ@é"}é??gﬁ ké’%)gghe%f? PRkl sé&ﬁjg &R ctivh{ae %Igeﬁék(t%nilgl fan (21).

activates t externa

l1e; f
Onﬁhe&ﬁi@rgﬁ%@? gvh%ﬁqge dUb&Rd VhiGe ‘Eﬁ?gg%?%ae?’ﬁigli—%ld@ﬁasufé sensor (23)

€ pressure sensor 'S bel ow a

fanptaae\%taeff;ﬂaaa&%iﬁ@&Qé&gnchh%h:sﬁeqﬁreﬁﬁﬁeséwr&m%%ﬁfeqmeexample, 1600
val ue (for exanple, 1600 kPa), the fan control section
kP 3R a6t akeSor bﬁz axi&ivaRs thaBxibd) fanl @13.hen the warming-up
- Wwarm ng-up 20 operation, the high-side pressure of
opeldtien! Bt higetial bREs&Y 6f Secirsi@diatioh @gclvid fjmsta witk@ch fixed range
range fromthe first high-side pressure reference

froM FhiBrst RighRR1eSREQNE Bfedhics vilRe R ﬁﬁ:%éé@dﬂﬁ%l@-&i@@ @€essure reference
value. In this enbodi nent, the fan control section

valle32)m (D B odigtchD RS fhN@nBB0Rt G (D) SWHRh ReEBEE fic above high-
control prior to the opening degree detection

sid® PRIk AbntrePRsbl i8S PRnPpefddie: de@t®sh dpé@Goh,0fbnstitutes an
nmeans together with the control opening correction

opeﬁﬁgtdbglrée (8 dtion Means rﬂ(()jg%ﬂﬂe@ wath(t8d dontrd] BpeiRNtdredction s€cdidh (34).
makes a first tinmer determ nation of determ ning
whetheed e (ET2Stthei eRirofiEd |(BOYC QulkeS . a Iffrstt Mighek | d@&rmination of
timer has already counted up, the controller (30)

detégligh@iwnethet HRfirkh@nYestNl REntP OPGE dlritalindtdtis already counted up,
term nated, resets the first

the controller (30) determines that the warming-up operation has terminated, resets the first
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22 timer and then carries out Step 3 (ST3). On the
other hand, if the first ti#®r still counts, the
controller (30) repeats Step 2 (ST2) until the first
ti mer counts up. In Step 3 (ST3), the controller

(30) causes the refrigeration atﬁaratus gl
timgseanfl Shem RIHRIAN SR )at Parhe ¢ ] fszi@} timep gtill counts,
sets the 5 expansi on val ve

val ve control section &
the congrollery38) fepeats Step 38 H 2 wrdtl Ehefist MSLOBHE WP ner, for
exanple a 120-second tiper, is started.  The punp-down
opekxaﬁﬁearﬁ (8T dhe éantfcrlksm(é%cmwheolfefwaeﬁaélqnh@?paf% (10) to
“expansion valve (13) is closed. The operatiqn of Eg
perﬁ@ﬁnﬁrwwowmger@tso%om Staret(F1Penihe NalvasPrrl geghpn (33) sets the
peration, In the punp-down erati t he conpres
expmo;n vabveg(l By e W”tYhle’f‘r?é Sé’%t‘bé‘?fg? aff?ovfim I (fﬁliv,?XBélvl%% é&%-second
mhereﬁﬁéno refrigerant flows jnto the internal P
timerqisest € (pmmp dervep ppraatioas 18; sEsted irom the peinf R élfrﬁ'awhen the
heat exchang (14) is sucked |gto the conp @ﬁ
expansion VAR (AR imdped. | W he perstiom OHB\RrFoawETssRt A 19 | Gopginued from
t he warm ng-up operation, the fan control section

the J@rmingp; prRecaiogh- ?%E dOWR OpErAfiRg: EFPK“Q&?SERY ﬁ) 2 driven
cle thin_ th e fromthe first hi
Wltkbﬁ@s@‘@%‘@é’f%ﬁeﬁ@& e g one BEgRE, 1Y gl:tcg tieinful bear

excBinger 447 o jiq hasaraniah T lieraichen ShEped (e su)c{swemto the
COH&E%E&mﬁ (Fgoeﬁ%? Rres i GEgom #ﬁ?@gﬁtﬁlm&%@ﬁ "wifming-up

opelaipy @F&g‘? NG Q0LB N ED S RdCe iR Pﬁetasgf%f’f i retrigeration
cycf‘p\lg1 6f {eéféggn‘ﬁ%n kﬁﬁ, ﬁ]&ﬁﬁ%ﬁ {aﬁ S%S%greprﬁg rean "\Sf& %j the second
e AR e PO A S g

2003{ %i tl@tmft fiR (gongr%-rg%/\#({) mak?sl q S%E&Hi gn{els-r(?e)[ennmatmn of

detern1 a

dete?%%ﬁ.?é vgﬂt%}aep Qﬂé %ego% L ﬁfn@l‘ naf 1e90un f tIP %lzé;‘i%%ﬂﬁegm&alhgf already

e pressure sen equal

couﬁtfege Rl SRS p;ogdd%{e%mep iy tg;ts%ifsgga& %qf; REBS T Cmust be

ence val ue rexanpl e ontro

1rreé|§9riy qﬁ]tp éeetdg% &f U(@?ij We pReahl %’?{%hﬁfél F!efﬁgeratlon

term resets t e second tinmer and

appa3fus L}?g) do\lgja ﬁltgeﬁt% a?%ifnf hOeL i ?I(&:"\Qle kil @Bshts,| the (cBRtroller (30)

nmeas t | ow si de pressure sensor

(mngg%%tgé?@qsf r equal to nor |ower than the

etermned first | owside pressure reference val ue,

t hemcg Erf’l (525), (BRmirgBioh 8k YLAR 5O whkRr 4hd plthb- cﬁ)% operation

makes the second timer determ nation. To sum up, the

shofl@fbeiGRliRle PN 18RRIk VARE (PPT] b the RITROME 'iﬁ?é%%uﬂe%ensor (24) is
Irregularly stopped when the neasured val ue (LPT) of

equﬁlh@ ok WS g a%r@&é%ﬁn&?ﬁ%@fow( 4tk pRBLID BlfereB@CNBSe (TOF example,
[l's below the first | owside pressure reference

-55 Vl@*ay,e e f8h@olldr ©(39¢ CRMIiAd¥e that OBt SurkiRdown 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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5Wth Step 7(ST7), the opening degree detection
operation of the control op®ning correction section
(34) of the controller (30) starts. In Step 7 (5T7),
the control opening correction section (34)
deactivates the conpressor (11) .and al so, deacti.yates
retup oeSteR rn 81 14) sand( pakes; the; secord fimep glstegpingon. Tk sum up, the
operation of the internal fan (22) is, continued.
refrigeatione ppRsFaus {19) of ds smpediment isHEcgl#iy YPPRFGeRRTHthe measured
correction section (34) outputs a pulse 10 signal
valug{ERE) Al fsdpWotdeckigtsuE sspsticldd) patiapr F@C%Fspf}oégé?sg?eﬂr?‘ﬁ dfg first
initial value (for exanple, SO(fﬁ%%S%é to the

lowsids ahess i refaTepes Yaiw) beteredhg sropn AISAE: of the

expansi on valve (13). Thus, the needle (76) .of the .

cxp B P YRV 0T sPenipE 4rérs CGHIS QiprPRLT R £pjol opening
comsg et PG oL RBT I A TS adi e 1 o5 e SRRl P
cor S S s T RS0 et B gt
i Poos Bl b WDy oF 4 Tl G, ER Eomimen
FurbRaet e S P RS et BB R A hout o pae
s LS b bR a6 R camoe
so 35 el BPert LA A A i Plan bR RS 09
ool e B P BT S b DS e R Tl v
s W SRR LTI SRR IR SRR iy o e
opclffp $FebE VR el BrERE BT INE 9, By e of Sep 7
ARl Ve S0 ¢ B8 G g« 2
ot BE), Lo Y O oot 08 51 o e

Pr eSS of 3SRk doX@iUsentls SHRAIGES s B I Bkes Afthird timer
determination of determining whether the third timer still counts. If the third timer still
counts, the control opening correction section (34) sequentially carries out Step 10 (ST10)
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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val ue of the suction tenperature sensor (27) and F
denotes a safety factor (fo¥ exanple, F -- 0.5). Ref
denotes the function for obtaining the saturated
pressure of refrigerant in use fromthe tenperature in
gage pressure. Using the _above Equation 1, the B
valug ob the pheliqnepppraiire Hasard? ok 3pdadangies p safelydaror Hppotample, I =
saturated pressure at the neagured val ue %RS% of. .t he
0.5)5sBet fenetasdhpamstion dorseiniaame by yateieghprgssHeo hEciggant in use
| ow-si de pressure threshold val ue. . Ln Steg 11. hich
frony &% tepperafuptan 8AH PISTSIER SIREIne aPOVeaUBieR bk BEePYwg in whic
i s perforned, by determ ning whet her the expansi on
the gafptyelagtonys tekerp i the pafraied PREFRUTcha t P&%S@f&?a" ug RS) of the
passi ng through the expansi o alve, (13). If th
suctﬁ&@agrap@a‘fuv‘aqea@r((iﬁﬁ obpmenas fhg %‘.Sai@&wé%fsa?f Shold galpe:
(24) is abovegbhe | ow si de pressure threshol.d val ue

( Pilagysp L hdS Tt § GProminaig hpeeatuiSrant IBRTAUGR) P formed by
nsion valyv

detel ATt MIFET QR SSTBOR AT 129 5 b b ihob b perant i

passide gl cHETSROARTe B BERERa oo (T dag fyside
h hol d | Pj , [ i j

pres.tglgrgteqsé?%r((% alsgéa((;)&p#?%l%w{st etl%?%tgrreggbﬁeéﬁgl] Ionl l;?lf;rggg%%z Lontrol
1.S not open, n rns .t o e . e

opeqigsr £ayreHieiechin (6D SHERIHG BBt Pscrram Qbot o gal] ofé and

carreh QUL NRRRI 51 9l (8 PG LR ha st s P e tow-

s g T IR B ol e
f.S 12 (ST1 St. [ i . .

the Ginus Rl T it agbR (4 RIS I GRRiAbatyd 1) is o

vl dfab RSEPISTED 16 (stie) o in step 13
nunberen i (Sh P EubLoit QineiR Welioh TonTHIEbe current

. . expansion Val
et nitf] B BEES TP I ARBRACKaLE T bl opbiidp degree

(BV! PEmYPPehe bdidlida %Jen ﬁg%gggeﬁggﬁg%ﬁlﬁ%ﬁﬁ)ﬁﬁohﬁw MbH3h the memory

vari ations I n openi bet vieen

part4s5y. €r p@flgiegnlﬂ hYeStep 183(STPELH AU out. The opening

term nates the opéening degree detection operation. In
& i jont REMARMs! RithOHep! 1Y (SPIY)EGhH Ofe SBGE IcBfrection

(kg%%i?ﬁﬁéfggﬁﬁé%ﬁgvalue of the ugper(lié?t (Hliﬁ) as 1

h&n ARG 1IN wIE X816 lhi m) . The detected opening
Ope%egree ?EV;LIin)%?s enpgrarily stored in the nenory

parf, 4idp13 (977 34,hR i PRERIBA iFRAASS! WRltEG ithOPurfRe hadberof control

when the 5 current nunber of control pulses (EV)
pulstEENERr HEphRIS @110 (18] idPA6w o preddiedrihddppet Nt (Hlim) (for

expansion valve (13) is determned to be open even |f

exathPIg, Hﬁ?fﬁml)%d_p\{l@eyj‘? (LB Lhpef lidRqHiiayy-i§ kigkeuifee $iglf 6f the assumed

sensor (24) is equal to or below the | owside pressure
randeirE el dhaV ddrt€iohPin H¥ning 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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On the other hand, if in St 13 (ST13) the current
nunmber of control pul ses ( 10 is bel ow the
predeterm ned upper limt, the control opening
correction section (34) determ nes that the expansion

TR S, B8 ok 2B BREFSTTRrk i B BT8R, e
con oo 7 B of DS SR S5t W BB T i) o e
or BBt S o RERERRY et el Aot ) gl i NGhpormty
sl 57k B O Y B b B R i T e
el N o Pr B LR IR e At S b e
exngfSit §re PG5 P haineR Jo B PER V%, HORE Eas bl 38 (EYD) of the

openi ng 1 ncreas

the ' firs
(@i éeration starts with Step 16 (ST16). 20 In Step 16
J% T16), the control opening correction section (34)

cal Eiéllctﬁit: ﬁéhe?ﬁ%ﬂ, ritei%tg.t%in}%/ ”["éig @gﬂ%ial? n elﬂéegéﬁ)%oﬁtfm éaulses (EV)

corr ower

o T O S22 SR AL B4 rien o
BB S T 50U, s s 71
therg ggrgll'n? %0 : %}r gg?fﬁv—kﬁ 'Slfgg of %St’lhg),ecﬁ@ @?x%(? rb&gﬁlnﬁ Qofrddion section

ri‘gerati on “appar at us or “exanpl e,

= . \V/ i | e .
R L e L e A
| fse & {oD giNédwat) obtained by addi
vl T4l RRRSRARRS 0 of LN sbined by ding
a piiiséd @Jl@@f;}AWF%? leQfn¥ial Xe¥- = bl flRsPHLiRIRINeEVnaMBdr dfScontrol
[ arger than the opening degree (EV_LIim, the
NEQS thiQRe ¥RlaHSioh BXva (i) th 8djasttBYBhdni® dRhsexpahbien valve (13).
pm%%#?ﬁ%tionng%ueo(Ev agf?tcaﬁcﬁlatg%l#ﬁ%n1Equg%ionngave( )

AftbSthe topEQdp intridie ?@ﬂﬁ’(ﬁ_ 1Y tRAAEmMESR D cohtroltfi@iee (E¥") @f a pulse signal
corregti o%lvgl ue0 EV_adj) sar?/ed 5 pr evﬂiﬁgjsl(y i)n thpe =

outPRNBENE RAfng (RFase BpAaMLIERThEaIrtedNnvabitef ChMrdldu)ses EV).
witten over the existing value and saved in the

MENMAsYdeRéted (p3&Vioustip @it £ c@fecibB PpatiHSEhaY witht Spp 18 (ST16).
(ST17) is carried out. In Step 17 (STI7), the

In SIHN16 BT IEH)ERE BehtEN opeGhs ofr&tioh seitioqn33)) wbmiaetscdrivetion value
lower Iimt command val ue (EVL) using the correction

(EW alpefof b¥e adichrrecting tBonsweat keitl @wenand value (EVL). The correction

_ low(()g%jr _%}ei&%rr]% é%gtp? Ezellé ul% Irfle{r}ﬂltl 6€ g)%c?l%wo{heqgvmsgcfélc%r%éégete%%shold value

value (EV_adj) is calculated using the following Equation 2.

Equation 2: EV_adj =EV_Llim - 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 i this

embodiment is the average between the upper and lower limits of the assumed range of
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10 Ilimt (EVL') of the nunber of control pulses is a
val ue obtai ned by adding th& correction value (EV_adj)
to the lower limt (EVL) set in the valve contro
section (33). In Step 17 (ST17), the lower |imt (EVL)
. is corrected for each operating condition, Upon end of
indSidugl YFrigtions 1) operies degrse (Eb’nkg@ﬂ vt esp ehifferepincgsnsion valves.
When the first correction operation ends, the .
If theonwsrags BV _gved s losenthan e erpningcriogrrs (BXt &Hima the sprrecgipn valuc
Is al so activated, whereby a 15cooling_operation, .
(EXuailid fis # segativovalie. opbes earreshon valug (1RY 1a) calculated fyagy Equation 2
~ the second correction operation wll be described wth
is steedrianthe memPNGP2a8. (3Phr oligHStR it RecUEEHAY ebie EBY iyl saved
operation, the superheat control of the valve contro
previgusly éh theIBympsy RATbFFSER DEH CPH‘F%ane‘faMeg@r\éﬁfiﬁﬂs written over the
apparatus (10), in adjusting the degree of superhe
em%tlgsl)vablre angd Gayegkinj t@@fﬂ&morrapafg ) exHponend ﬂ{esﬁeﬁtlér(ﬁﬁé)a Step 17
heat exchanger (14), the valve control section (33)
(STd@hscrmied o8t put s a pul se signal whose number of
control pulses (BY) is the lower limt co d val ue :
( EVE) Step 1f7o(,8géa],>;hq Hre) CBERIRG c%eé;ﬁpﬂ &eq}pﬂ]@g) corrects the lower
. expansion valye (13). The second correcti on eration
hmltélgﬁ@i‘@ér‘f?&f (E\{)I,E) &Weec’orﬁea%qn gl:;\:lp% I(Isﬁh@?bm corrected lower

. control sectiop (33) outpyts.a pujse, si. I se .
llmﬁlﬂ%’if the. BEPE| ofﬁ.?gpgés&#:@ws pgaluﬁé)brcaél%gfb)[ %Qg the correction
e e second.correc

valﬁe&ﬂ%ﬁgﬁ? g P@? h%ﬁtéﬁé(gﬁ 5 I?%Ei‘?h Y317 EopHral SRRH°0: 5" 1n Step 17
TR P 55 P LS SR e of
Steg g mpj ﬁjﬂvln g?/eﬁér\éf Ecsi%e’c)n lcq:q ?)g?r%ﬁgrlé )?xtb(gshts F]g]i;\érsti%\:{glstl( c?g%ec?i%n Iox;a@ration
endﬁ,&hsg \é\(/?eglgrplssga iﬁ 15 gqnﬁt‘%ﬁf‘%g gncf %%;e%%ég?al \tf%llé&g)(%aa ssof:a%ﬁ(fé\jtg ,Vvaéhereby a

t he l.ower

13) IS, . -t. dim d | EVL) ,
conlfiR bpisTio g g R AP Bt b Safifl on (a4 carties
cur N st St b ar o sy AREs i Ktfrence w PG 6.
SR R bt P g S b hve o
[ t ' t th d ti
secl R SIOBBS, o1 " N ep 23 (ST23) stopping.and
2R TR ] Gt 20 PO i

refr%ﬁ{nﬁ Gl HRNeQPEF el i F}rﬁa@ rh@t”&c?%ls%& Reps Hfé%ﬂ@@t:o%ﬁ@ts%&lon (33)

e val ve control section i's “10restart ed.

somdinmes %Btp%gs 4z§ dlgg);i?n&r@hc%@ Nuf@lr BPEMEDY pERES ?:Ii’\pei? Mhe lower limit

sectl on eterm nes whether the fourth has

comri{d @JIIH@@;{L)S(B%;C?&P( Hde]ro]?de theRBERBE of AR é@?ﬁs&é}% {4198(13). The

'S 1 n ope I‘'on. | ourth tinmer is no

i | b Ivalve(c3irol secti
w5 e e T S AR B o
(335 BLPuRS 2 PliseStigRal Zwhése IRmhber P EOArA AfesN@, isi fhe lower limit
command value (EVL).

In the second correction operation, first in Step 21 (§T21), the control opening

correction section (34) determines whether the current number of control pulses (EV) for
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15 the fourth tinmer has been already started, the
control opening correction %ection (34) bypasses Step
24 (ST24) and carries out Step 25 (ST25). In
Step 25 (ST25), the control opening correction section
reads a neasured val ue (LPT) of the | ow side
the ﬁF%@@@Pe"%\%sb}) 1(52@31161 ao e dves | oenrgand Kelue {EVapcelf the
pper at ure_sensor and a neasured val ue of the
eXPéB?FCtn YR ErAy rrbaéewerolfml(tfequilﬁé Stabg) e APRGH the daepigumber of

degr e of perheat (SH) of refrigerant at the exit of
contpigsge LR RIor HeaPaioaYRy s (161 is)canatie ﬂteo‘HWFbF img sepmagd value

<EVé3p@§%t@§€9 %%?ﬁr{a?%réﬁ%é%%ﬁé‘%éﬁ' Bbreat PO A sag). On the
ot TR S 6B BB SO DB ) BdNoP e 38V (13 is not
_equelsfrg‘@bwg%@%&@fqgg g’)ﬁbﬁl (ﬁﬁfiﬁvdb?e gfe‘t% ﬁpérg%é] Fg#%ggafewon (34)
e B B%%BE’ES%E%&%E%a&gﬁf@%&n@%iﬁL@%%E SopBlE DY Tesbting o

correctio ternlne t ha

fouq%g\%giﬁ??ﬁohee(a@mﬁ&%\?% tlélgl‘ “E‘E}L}f @mr 108e thr}err]xethe second
corrected. to a der, va and se tial carrie
COfrsmons?p@bat@? B o Sl By Dot age Ve St sfignaa) is
the following two conditions is satisfied:
est dltlon 1-1 that the neasured value (LPT) of the

“%m g s R R R AR e%f??s?se\‘i’fhether
the £0L‘]16t I%Pae?gtha Eﬁﬁn %fe% %ﬁ%‘tla(grl gmwz}gglpaﬁnet 1{381351 ksl e(?s 1(1)1 (ipgratlon If
the g? -%m)%l' > ab (yfeB?tagr n;gxfg %E)H]t{@%jpegbgs{ I‘I[G%Il tgg&(f%nd(ggf Is‘tgns the
fouldPli Clg?lrg pIS K@Tilllar ndt ]ca%egr ?t f} 833?415@' €@ thi %%her hand, if

con ro I on sec rrres o
L Y

byp§sts?§ ﬁqz %@ﬁfﬁf) bh@ELARL oJﬁ' 5‘%%5 n% {;ﬂ*ﬁgfj the 10 expansion

In a predete cessively snal

bat
amo{ing 5 tzae(ggg(sp aﬁléelz 8%&@5%@%?% §§]ltf¢(!tﬁ}§lr§egt%r§?4g L QW a measured

t hrough I's smal onpar ed

Vaid@' le'PlznofaﬁBrR)W _5iat %r@émfénsen%r {2 L agEaNted VAWE of the entrance
p 27 (5T27), "‘the control opening correction

tem &S’ﬁlhﬂo Benk@4{2 ?%ﬂ%hﬁzaﬁd}&i LaNETofl th8lekit G flir¥ %Ia'i’s%r (26) and

using t 'om ng Equation 3. Furthernore,

calc§faﬁ=}§ 48 deélfbe( St1 derhdaD @S P RE 110k igLRBNIAD Qhé: ki Qﬁ‘t fhe rlnternal heat
section (34) corrects the correction value (EV_adj)

exclipAg(1he iRl Lawong éﬂl?t:br?&tlﬂn sdfiRNnCBYY 88k @btes as the degree of
correction val ue (E@ is overwitten and saved in
supdri@ut TEAP ke @_ﬁfe?en(:@@etween the measured values of the entrance temperature
sensor (25) and the exit temperature sensor (26). Upon end of Step 25 (ST25), Step 26
(8726} is carried out.
In Step 26 (ST26), 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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Equation 3: EVL = EVL + El Equatlon 4: EV_adi = EV_adj
+ El 20 In Equation 3, EVL'24enotes a corrected | ower
limt command val ue, EVL denotes a lower limt command
val ue before correction, and El denotes a flrst
correction opening (for exanple, El = 4 pul ses
(EVikg sapwld bescornecied dy adwidet waue apd) F%@w&lmﬂm@mt oﬁfﬁep 27 (8T27)
val ue, and EV adj denotes a _correction val ue befo
andem 28 {3 %)t 8F kastiqieah @%@Hﬁwlgptm cqngsipns ﬁw%mﬁﬁ‘?ds {Condition
correction openi ng iglz 1S preV|oust set in
1-1 5l Phs) mgpeeschyalae r(F8E1 iodrnthe dewrside pressug senf%o(z&)s ig fhglow a
first correction eni ng is a smal|er value than
preqeffamyieds aacond) | %-Sy&m)essur@ge Frice Yaluss (fom gxaaplgn o0 kPa); and
correction operatign, the valve control ect|
copdraros i Gl T4 s lsive 125 25 (ST25)

expanS|gn val ve_(13). a pﬁ#se si_gnal se nu

e fist prerasdegree & Sm%qat fohex ﬁ%@ﬁf@) On the
othq%agi 1.% g\/;i (%qg%ﬁ@%gdl glzritmdt E\ﬁ@ﬁg {?(:Hlésggﬁ'ogﬁ' }E,',lg%agt)r( ﬁ)gséﬁl%g correction
sectiosy ??@é?%ﬂ¥?h%2#t%§kgu@%T%%ad@‘éaéw% Fhate lh e crtoria for

ncr.eas he | ow si de pressure
e SR L |8 o 1 s ContplB el g £ ACTCH i o the
expgr{?bc{{]:%‘léerﬁéiggln gt@&% Tée%xg@ed e%estsJ\} | nt r nal {1 %%ﬁgl)e T{uﬁ émount

of EfR ST ihdel JH Grrnsiar Jrite nﬁsmtsw%ﬁ FheOPBEF it an
stq{ é} o %%g 24 (ST24) still 10 counts. Upon
app?ﬁ?ﬁ‘a%’fa% 8{) CRES ;1 Step 30 (ST30) is carried out.

f¢h | r ead d
cont 5P 224%% 5 b1 BRETRE Yot tph S5l okl msets the tower
11m1 ! e 3a918(vsa-|;1360 \ﬂlgn tlrtr}%e { %,ltf(])?lrs agnguatlont‘ghe lju%rt X rtel ﬁle étep 28

correction sec

4 .
T O PR SELEE B0, SAT,
: i | .
w3 BT B Pl P BB W e IBH qperoricn

h d f h S f
mgsg?ﬁqggié%gﬁg Icﬂﬁétedelne%{:S 85 ?gggg)e?g éer%mﬁa

preﬁ&ﬁﬁ%ﬂhngélﬁe%gqg+@gference degree of superheat
exanple, 0C) is satisfied, the control opening

COfE@ﬁﬁmH@ g@c&ionEQ?é@_Qgiern1nes that the |ower

mrand v L) should be corrected to a
In HyRhE Ve EVRIMERES BbSE S loWed A ontHateA ) BV Miotes 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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20 conpressor (11) falls into a wet state, and
sequentially carries out St#p 31 (ST31) and Step 32
(ST32). On the other hand, if Condition 2 is not
satisfied, the control opening correction section (34)
|nned|atel term nates the second correction

the @p@ro‘itth@ﬁew@érﬁmep@w operation, dhe walve oieniral S%félp@r@ﬁ}nr%aﬁs the
whether, in the lower-limt-controlled state,

supgrheat icgetFel rnd opiwis B b gpanten ¥alyahkd) rpwse seial T@PS? gumber of
in a_predeterm ned excessively |ar 25 anount state

confrolgpulses h%thﬁﬁﬁﬁﬁﬁtecbl‘o“feéilm“g@ﬂgﬂ%ndf Y?’g‘x‘/\? N Ioh@rﬁdﬂlrﬁé the opening of
expansi on, val ve is large _ as conpared witht

the geRBBR ivakve é-‘f&ot@rhe wderf ef'Vheethgrpening of ﬂilene@a@ﬁowalve (13) is
(ST31), the control opening correction section 4)

adjusisely (e pEoRReOT Teffigpran FWP‘Egkb‘Bﬁﬁ’éﬂ?&SR‘?al"é]éfe((@L?“E%ﬁeﬁg Thus,
the followi ng Equation 5. Furthernore, 55 §

the dayr-guie, P’ieFr“é‘ff‘cé‘ht]i“‘oI“"fBﬁ%rﬁP% CYeIF ridRet i B El?ec G257 phAyperheat of

corrects the correction value (EV. adj) using the
refriggranbatithy ?&ﬁer@al?’?ﬁtéXEWé‘chgag 8%t i on val ue

(35@8&%@% A L P S AT e
E2 | n Equat,i on, 5, L denot e orr.ec .
detqﬂawgrom 19§ deeeiag Li\?&ieaéhe rit st Siaried, i3 ‘iﬂp|%4ni§1d24) still

' cou%té gglb\é‘?cl' %€§ be%s cgg"‘g%r St%g%.’il(g?(ggé 'd|c§r2ri %n _t gﬁ’tﬁle fourth timer

bas eﬁraﬁs%qufawﬂ ¢ <ol et géﬁrd%%ﬁ%ﬁ%é@a&% PRaeEulp Sip 30
(STi@si*%nﬁﬁs"&@aﬁ%LJ bt SR Sl ey ParBStipgepyection

n the co corggctlon section (34).

Sectwge(af*) R B SR PettrGReBBEN ng (£2) 1<

S48} A L LS A0 BPORL B et
the ?&?éraﬁrinﬁncohﬁﬁarﬂdn%ﬁe (E@‘H Should be corrected to a "narrower” value. If
Condition 2 that the degree of superheat (SH) of refrigerant calculated in Step 25 (ST25) is
below a predetermined 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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15 the end of the second co&{ection operation, the
val ve control section (33) testarts the superheat

control and outputs to the expansion valve (13) a
pul se signal whose nunber of control pulses is the

limift: %rgrrngf%tgﬁ ?va&%ﬁ%@é@égp%%ﬁ%gél %u%tz%%}éLt kuhger%ldcjrgsi% Step 32
(STRE! 15 Getral et SRGTAE SRUTLEF) S8Fan TFIONA AP Gt 2V_ad)

wsitglfe SRS Bt Pl BRI BNl 5 el g
i nt er.ngl heat 14) i . whi ch i d
o0 YA DB Ao ¢ he Eompr eagor (11) 5 11 Kely -

(7 P AR BV onEh ik &) has passed <i nce the end of

cor FREPDE: EScrPon 035 0 ar 1 o't he scaond correcti of
o SRR VO P S B O LA, P s o
i A R0 DS P L 5 o A o
S5 S HRE, HASBERONE 0,10 0RdAT sl ikhod e
end i BTN Fr bl ARE RN RE-LELEROAEIn IR ey ot 09
o A Sl ST B R0 i

\Y In COo

H f . . i ‘.
el 2121053 SRS AL b AP R LSBT e
d : flected in th t of fri t

“m¥?%¥f@ﬁ%%13ﬁ§¥e reflected in e anount of refrigeran

ndi vi dual expansion val ves (13), whereby

t he | ' i N )
o L

the RGHF A ik NGl e SRRALR %Pgl%ﬁbﬁ,ethge\'}a@@é LORrAPRERSH OB) febi@rts the

hi gh-si de pressure of the refrigeration cycle is

supErRBALBRtrol dold dulifutd e SkFgsiohQaPcQ3 SHA BulE sigh8 whose number of

refrigeration cycle were not adjusted prior to the

conBFERIRG 8 BEr Rereted RAtdrUniP BehAah®Ralut EVDI) 36 agjustethe opening of
pressure during the opening degree detection operation

the WidhSiof RANE €1 HEE BE Harkowdr0  WRnaRes iy AN ekdahdibs valve (13) is
such as the tenperature of air fed to the condenser,

adj@nd, the afRlhi SEréRbeRhESIBW thrégdh BE expahkien evipangilyndecreases.
val ve (13) al so woul d change according to the

ThvePgedepieg of @iisHrkda®BS refifatigtf Onits edinef thediemadheat kacigager (14)
in state of 15 | ow pressure refrigerant upon change

incredsel N@hRK padsdson weal csaditidd)int whichehe pempsdsedre(Mpus dikely to be
vary dependi ng upon the operating conditions, which

dan¥eed.d Wake ai predhitériiigad pericd @iCime dfcel exaniplep ohe toigute) has passed
openi ng degree. In contrast, in this enbodi nent, since

sindehtBie Rh@bfshé eedone ssteaionf opditioneflid ganal iopeiny cosettion section
constant in perform ng the openi ng degree detection

(34 ppatstht edvonll berrétibniogendod agiiessure acting on the
expansi on valve (13) is constant independent of the

- ERFEQ@FR0atEMBOTINENT ons. Therefore, the degree of
change in state of | ow pressure refrigerant upon
changeordingt foethéx pabsdiareny adiive 4l 3perting tdegreopeicdit &t &1 opening
i s not dependent upon the operating conditions but

con@ngt waiie, fonbecin (hangingds apandourvave (Hotfemt icsedfo ofva state, is
openi ng degr ee. Furthernore, in this
enbodi ment, the value of pressure changing faster than
25 tenperature is used to detect the opening degree.
Therefore, the opening degree detection operation can
be conpleted within a relatively short tine.



10

15

20

25

According to this enbodi nent, when the openi ng comuand
val ue reaches the 32 upper3linit, the upper linit is
detected as the opening degree regardless of the state
of the | ow pressure refrigerant. Thus, the opening

degree does not exceed the as dr of | ndivi dya
deteg ia&‘fiit%%éxﬂaﬁﬂ%éﬁli"ﬁél-ﬁé@F%@@%’Qﬁ%%@?ﬂé ppening dégree, an
expansi on val ves, Therefore, t he expansi on val v
opeping) charpsiegiglc b the é"XB%@FPﬂsF%}F&?&/ isnitiecteq e‘ﬂcﬁsn@f’éﬂﬁf on the
state of | ow b5pressur refrigg%ant |.s. di.fferent from

expasiecYaYe (150 JRrPUhE vy dhe eoiion ap B dyal) craatsfon valves (13) is
openi ng degree becones,. | arge. beyond t.he suned. range

carrgsyd Qi %tﬂ@%&f?ﬂ}twnoﬁgﬁﬁ?@enagbbs feen. 1 mdg%ﬁgmnﬂ@nt ves (13).
this enmpodi nent, since.the control opgni correciion .

Theggesei &ﬁ@(r%es 53t DO RGPSV G grey T 15Gied in the

AR o B BT i e o
conyplFiing 35 sxqafﬁfynﬁgﬁ\vrs@)aa@\ﬁaapt}rawai of prgsef
GenBRIE i ARyt isrpieo o pRyeRad Poree detection
Opeiﬁ)jl?gg%ﬁ‘qg}\ég‘%r%é%é‘?‘)et"gib‘g?%gé?r%&%ﬂ HHE T psPRET T pigh-sice
presiisor it waton Sl wiG hu Aulled by BiBTBRFps Bty derection
opelsShpits iz Pt goegstes i, R, iiipte"FRELE Sikfiidn, Bosraion, would
erafyf PGB ISR, GBS eRa P PR ol ATk o e
coniisbep anarorarerh Bt fE 3R {8 Eephith Ry (13) also would
e 48544 1t SRR gl SRS AN s of

ol B R BRSO TRGRETRRR Aok L% LMoy s woi

occC uper heat of

var{ii gésllf e.#lgfgné glggn ﬁiéccg%gagflﬂlg ec%ﬁﬁtismlﬁﬁrs@f)ulﬁ IddkeliBaipeh@iotdoBurately

ree rheat, "even It the expansion

detéé:g mﬁﬂ%&%l duegreteh r %E&Iﬁfjdstt, @ s EhbBMinehh&tnck Nge ﬁ%ﬁ@i(&gpressure

reaches the lower limt, the actua

of tRPRA; e(ljtﬁfn AR SRR GNpU A MEnd thdlopS9ias dBsree HEREbrAdheration,
expected control target opening. Inthis case, the

AHBE dthl LOWNERAMBR 1 BRis@xRABSH RBcPEALMER of th
the?%gga%gg%ﬁggﬁ{arggr ﬁhan9$%% approé?ig?e anouﬁt g¥ﬂ25 e

opela@ihl icOfdiadts. f MRARE, tht 18EBE BF Bhankb e RERINBIPResklrefrigerant
the refrigerant sucked in the conpressor (11) falls

upoh'th8nge WEthSERlRsiBRWaRRt (188 t@'thérbﬁéi efltc ldnhdtkéepeRdeit upon the
in this enbodiment, the opening characteristic of the
opePXRENDh&MoN R bME cdnkdhht, | WhicE fdr&GH@dad Bedufe dBiction 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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lower Iimt command value and the lower |imt commuand
value is a value for which # fferences between
i ndi vi dual expansion valves (13) are taken into
consi deration. Therefore, when the degree of superheat
of refrigerant sucked in the conpressor (1%¥
uppdelimiathe sipperHanis xpdeiedteshasthe gperingslegegregardiess of hestpte of the
down to the expected control target 5 open'tlpl or ag
lowepeshrgeiiiEarant.o Nsthe VAR SeSres A0S PRLECEHENE ABUREgmee of
~ refrigerant flow through the expansion val ve 5}3
indyisweheariatiang &y opevane degscnpeisen dHfesent pypansiogy valves.  Therefore,
refrigerant flow._Hence, it can be pr evgpﬁe&rt hat the
whenethe pxpapsiar valye kB changehto the apsreaisreven wthe giange iige gf low-
wet state because the expansion,valvg (13%%c%p ot ge I ¢
pregseotaftigaiant oist ¢iEerorp dope @5t il A O rPrEYRged that the value o
enbodi nent, first, fromthe amount of _refrigerant .that
opeaingigEicy betases Jame b@@lﬂdtthf‘easé%%‘ﬁ’??‘%oﬁ/‘éﬂr@go T8 PFHE ﬁ%gr ce.
lower-limt-contraolled state, determination is made of a4
whe BRearIBEo| Biresmadimentca Rt PR HeoRB MBS BEIGIS Fssgon (34)
t he opening degree is an appropriate value. Then, if .
coriselsddie dowere Lapjt renmend rfalie SRS HHEnOPeRBEMEATRICY afeOPening
is corrected again. Therefare,

chagpgierielic 8F FecToAnsidn Hyfve i) dp é?ﬂe}igeg : gﬁ%@g’lfeié i, FEHFRRRS value.
i G b b R LS S S 3 et s i
e QLRhy & BB P BB HBb B B b ansr
valfe T3 gt 2 5 PERRRE pifhidEpilnt T idSerior
o T b RO 8 S, JIBLR P s
it v tierob P 26 ol sFae 1 e LBk Bt or cample, -
o e b B 1 PR T 8 A e o
B B8y W80 (BRSPRLCITIEL T HiSppoin of e
e BRURECTRE K B oS s bt o

the QWG 1ichit Thini %ﬂ@tvléﬁlleli§ thiRbRUEr L cf,% HiRae fRitiochowE respect to
I"ar ger T Kan the app

ropriate control” target anount of

an %@H %%ﬁ@g%%nﬁﬁﬁ\@va{q}?ﬂe 5wﬂn%:?r$bl&ﬁmcﬁﬁ: WehédrSthe degree of

f0 a sm r val ue an the l'ower limt

sup%.ﬂiw re\fﬁé#?ntfﬁ.{eck?(g éé ?h%J ?%ﬂ?reg%mﬂeﬁi hoWedE QRsired degree of

erefore, nd value 34

supERAC CLaf it §en L}%&Q@loﬂ R)%Nen% 3§89ME®ttled foakd@kiehh @t tthe opening

appropriate va it can be approximated to the

coRREPRLhAt & cHA #8- 1oweMIRi AN JPeniEYBERhERarsion 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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A nodification of the above enbodinment will be
described. In this nDdlflca%%on 5 the contro
openi ng correction section (34) is configured to
perforn1the openi ng degree detection operation at

Iow rt U&Wﬁ%ﬂgggg%{i qgnﬁ ﬁg\lgg n]é@ﬁg%@%gn% \g'fghcl)g 1S a \yalue for which

ficall ' i
aiftg . '%@‘*ﬁoﬂﬁfwh@fpﬁnﬁlepuaﬂégw (Pt sk fsideraion.

The%%ll)ﬁy R S T T rsr%?ﬁ%%s%or (in
t start f th t

ceolsets B St oL AERe BN BRBRa e Ao gt e

opeiBg T B BRI FERT @iriﬁﬂéﬁ%%ﬁt i 8° cBnf bt FfgBérant flow

A a@ﬁa@@ Pefyetiseran

fovgp et 3[1%‘9 - Sy ied b Bk Ry P iﬁiﬁf?é”}@%gowl) fall

1nto$a2twré? étc’a es cal eg Iglhkr)ag%t %Ié%lgg Q)_alvfeo{w?%g:%ﬁli Fﬂet eott{c]e gcg ?Iwoga%ected
H ton (36) for performng the opening degree

OPEHeFect i on operation receives an input, the contro

op eﬂ]ll {l%%%&%agl%{en? NERe Cﬁbﬁn h(ee 32@1019’1? : &t I%?rtl é%]%g Ctﬂﬁﬁ_%&{lél%p flows

val ue ored nenory

throi.l%!'? th(é%glhglqrg ono\}%@\na' (g )alg‘l.q{lé ?&Bééciﬂm? S&ﬁfo?l@d géﬁe) d&@fr&%jp@n 1s made

I on an own opefatlon

of Wikthdiefle HS&/EP& bt E 9REVa 9&%0?69 lgs%oé?ﬁé Sﬁ‘enhng degree is an

operation and correction operatl

appl?E@E't'ﬁ lr\% nl%e dl?tn%gcﬁcfz'do{&ng@ e thd R AER: REAESHCR Iue is

€t ecte the firsdt correction

conPRES 85diRN. Tﬁé?@fo}eo\fﬁ:" loWeliini€ OSFRBcH VAl @org‘ge\t/é@ udife thedopemng

corrected using the opening degree (EV_LIim detec

degleB ch®e QB&Q&’[&Q g %&@ a%ﬁhﬁﬁﬁﬂe%hﬁ?%@ﬂ:b? fhe AR dolifol using the
correction val ue cal cul at ed using the opening

expARIMSRAIVeEY3)hitd lobv%r—ﬁﬁl@ﬂ:&ﬁl{rollgést%‘%ﬁn bOfurftlef Sftimized.

correction operatlon term nates, the valve contro

Sechi @R dmHdisadt ifhe Alovhef $éﬂélgérﬁ1@taﬂ1aﬁﬁd’tﬁaﬂ@| flo¥® thiBegh the
other hand, if the selection butfon (36) for

exp@@foﬁloxamer(%)tmh@mmgmﬂ&gmﬂed 3atedetieeirhiabd Py &hilnA than an
does not receive an input, the control opening

appiopfiste Coh@sl Beet auhSd) rebhigdri® fentthelldwér kBl)command value is
perfornms only the first correction operation after

corr&dt@d folPlattler Vilge fiRhkhgRnat Lo @paadrtvasue(cbBkcted Rsip €he opening
first correction operation, the lower |imt command

degié@l UBherélMte) if the COvdraihie dotiang valie copttted uiag ihwadpeing degree
(EV_adj) stored in the nenory part 5(35). Wen the

is sthdlles tha Qe fprdpioRRia it an bt appiloratas tottheapmabptate value.
control section (33) carries
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 1s 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 himit command value

corrected using the opening degree. Therefore, if the lower limit command value
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out the superheat control. In this nodification
whet her or not to carry out34 he openi ng degree
detection operation is determ ned based on whet her or
not the selection button (36) receives an i nput at

o S B 0 PP s s o b
ee q6¥ect|on Q ratlon is carrled out at every
3PP§F%P#E$f e?ﬂ%“?%ﬁ ¥y8Fati on apparatus (10) and,
h
-Mb@i‘?@f@ﬁ? bFEﬁﬁQE’JM' o in this modification
iﬁf?&.r%%ﬁ;%sfmﬁt%?ﬂ} R ] ?eg%?sg%ﬁ%n 3 i mpgication
the (37l PRBNESPREHIIUST K?E’?cwr?bﬁ“feﬂ‘fv e, i ping ‘earee
5).
det%ﬁ@la gé r%fé%r%etﬁ hin, b e BT EoR cebuERsi Ly %ﬁ? T Brlificrmined

co éb the refrigeration apparatus (10), an
noHant tr acteristic of t he expansion valve (13) is

&ﬁ&@%&eﬁgﬂ'@aﬁf Bira it f%ffﬁ%%'&@g%x%%ﬁ%ﬁ% kR s includes
selegt&?jz/l%uct%%gﬁ} \H@l}]yvﬂf‘ésg%lé<<g ?NS%ErNOErl\II;(r)??O ca%&-mﬁ the opening
degreggéﬁt%:glgggo S0P p1 oalji Sgec Iagfg ﬁ%sl%ﬁ?ﬁaﬁtﬁﬁmgg%po s ngt r?he control

' opeﬁ%r Lc?)r%]rg eg?%ﬁn‘%%@@L %%@'tggp tdh%u %g)?'ml(ﬁg) d}éfﬁnggd%g%:e detection

opeIalElﬁg]aE Ig&}'tl.l \(I)éﬁtrﬂrl% &h% 1%1@%1{ ?@@?ﬁé Warﬂ% Esegg) fes the selection
o1, Bl PRSEATS A0 o BO i, 1
othé? wBS by g?%i%te('med cbRditibf j8P QMﬁilt?dT%’ﬂlgﬂ AERbut & I}gcewed by

enlﬁg degr e tection operation and
the selection button (36) for performing the opening degree detection operation.

When the selection button (36) for performing the opening degree detection
operation receives an input, the control opening correction section (34) deletes the
correction value (EV_adj) stored in the memory part (35). Then, the control opening
correction section (34) performs the warming-up operation and pump-down operation and
then performs the 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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correction operation may be39erforned in a factory
where the refrigeration apparatus (10) 36 has been
manuf act ured, before the refrigeration apparatus (10)

i s shipped. Furthernore, in the above _
oe SRR SRl b 0L ke BB UPSoREH BEHEREE K Sion 04 o1

e SRHSUEBAI 10 PECEAS BB LNt WL s of o
T T R

VaivtﬁeﬂgE\f:]?)lf {s'c%ﬁregtte& %@ing?ﬁgé g?ljr tiﬁﬁtvaﬁlte A ?Sfolr%cﬁ%nﬁfﬁgtrﬁéﬂory part

ical press ere ri%era

(SSEaS\ﬁheﬁ) {ﬁ% fﬁgt ctoﬁ)g(%tﬁcfé;og)rg{ﬁ%_nl E%&g%a?ég hangfk cbidi slg&fjo&a(g g) carries

nt ernal” "héeat e S'as a gas cool er

e as an evaporator. 10Furthernore, in the
mﬂ?@ﬁv§&@St§%|%@ht, the refrigeration apparatus (10) may

not thﬁ?hié‘ n‘?&ﬂﬁ%’%ﬁ%ﬁfeﬁ%éﬂ GELAL L RarPRA! ﬁ{eu?%%ﬁﬂ{egxg%ftgﬂetecﬁon

anot her typée ération apparatus (

Ope?nieﬁrogl:i% dc%t?rgtghéd 9%@56 é% w ether orhift tﬁé’&Y&tiSHQ%r{;@gs ﬁegt@irvgs an input

erre iments 1n nature and

o R R R REPELD SPRLESE A end sl

opelﬁg{%e@@gréee ﬁ@tef:ﬁdﬁn?%(fﬂﬁ]icﬁib QVEHES St B 08y duPbEMRN befrigeration

ntion Is use or refrigeration apparatuses

LA R OTAE U e s
Furthermore, in this modification, even if the opening degree detection operation is
not carried out at startup of the refrigeration apparatus (10), the lower limit command value
(EVL) is corrected using the correction value (EV_adj) stored in the memory part (35).
Therefore, even if the opening degree detection operation is not carried out at startup of the
refrigeration apparatus (10), an opening characteristic of the expansion valve (13) is
reflected in the lower limit command value (EVL), whereby the flow control using the
expansion valve (13) can be optimized.
<<QOTHER 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 puises (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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37 CLAIMS 1. Arefrigeration apparatus including a

refrigerant circuit (20) pra@lded with a conpressor

(11) and an expansi on valve (13) variable in opening,
the refrigerant circuit (20) being operable in a

refrigeration cycl and a val ve con nmean 33
has by m%mﬂfwu% tz%wﬁzﬂre e LioRs BeRans on

XSLﬁﬁwée}%)g@e, et E%lrtroéﬁﬁerﬁﬁ% %ri;,%pg% sésgon (34
rfor ter a pu domn oper 0 .
ma Bhos0RBw R (4 2500 SO éﬂ“%“tgﬂ Bhis” Ty 2l bt Wl Sening degree

cl osed, an opening degree detectlon operation of
(Exéifégtlng an openi ng degree that is an openi ng command

1 oMfoRe b B e {AHER (PN i T G APy gpparants (10) may be
conf B B PRR thednco TRTSices CHc 'lﬁUw%aca%stEa e e of

B8 et Sebr Mty VAR Tt sl PTREPEI e
i o BT el B SahinBiy Bl B FUPRAT e Bl (0 oo
s a&%ﬁéﬁ@&?"m oS B e Spentngscgroe” "

ot PRSI, ji\Ge SR b UEALE Snd EB 6k h ABRERLS D) may not be
a corddindrS reﬁ%@?aﬁ%ﬁ gﬂargt‘ﬂs %Q! }ﬁ% be aHotBF&ettyﬁé‘ B'Pregﬂg‘é}atlo apparatus (for

ope ratro Si de pre sure O ere eratl

?%F ? %ﬂEﬁﬁ edetern1ned range rangi ng fron1a
eXa
ressure reference value to a second

hi 9 | b epéngﬁj%i%ﬁﬁg %fe%sﬁéﬁﬁpﬁéf‘éfn%ﬁ eMHo‘aHanrﬁs hP}é\%gr el dh"re not

the ressure’ reference va
Ghfie RS TRsl CHIGAREE 307 0hes & DT essur e of
mkﬁg&p%OMFpreSg re %rlgergnt %s equgi to or less than
a predeterm ned | ow side pressure reference value. 2.
The refrigeration apparatus of claim1, wherein the

INﬂ@%TRH@!@PEERL@@ﬂﬂT?{US is configured to perform
prior to the punp-down operation, a warm ng-up

opepatdafhel feittrdh thd@bOREMER Aption, the present invention is useful for

refrigeration apparatuses including a refrigerant circuit provided with an expansion valve

variable in opening.
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25degree detection neans (32, 34) adjusts the

hi gh-si de pressure of the r¥frigeration cycle within a
fixed range while the conpressor (11) is driven with

t he expansi on valve (13) open. 38 3. The
refrigeration apparatus qfp ghg m1 or 2, wherein the
openi ng degree detection neans (32, 34) is configured

to detect as the ni ng.degree a eni. conmand
RSl R T e e R SRR
refrigeran S LA i ] | [ S SdHie i
o SRS AN E5 PG WERARL S BROa RSO0 RLESRUE R ma
re@rlg@%a%r;scycy@ &l €4 Oalwﬁﬂtr&nﬁeaﬁ@@ﬁ? P&higQABNEbn¥ & tHE opening of the
reaches 'a predeterm ned upper limt, the opening
e PRM BRI 18 kleQeiripRANS apRdatusIdhpribizect s t he upper
limt as the opening degree even if the pressure of
t he bmwinprdegsudaectief mege(3hB4) enfipeed Bvpedpue afisrespinmedown
threshol d value or below. 10 5. The refrigeration
opgpvan #t wichfheagppeRser 611 dy diiyeR Withathe GRRapHT valyse(13) closed, an
openi ng degree detectiqn nmeans (32, ,34) .is.configured
oA e oG Gt i T e et ks Bra g mand
the. openi ng degree by r [ ' (o
THCPERE! g T RETSBorT iy BoAne DA L EBoaRe! Bl et e by

d&&%ilﬁngsﬁﬁé?mlu%%! %iogr\/ag/fe (@t i?ro LNhRE WhetdRS e iMBtate of low-

expansi on val ve ) is open 1l5based on a change in
pretsiecGePherhll @ctwedd BE @SRRI Vadler(l Daindite sutichiids o ridebmpressor
until it is detected in the second operation that the

(1ex pains igeadual iv@edsihg)thd speoiperommend Tehe pusifut it the akpappion valve

apparatus of any one of clainms 1-5, wherein
(Bheitl ik vempensem(dl) dpastvated, 33) is configured to

determ ne the opening conmand v Iug 20 mﬁﬂ in a range 13

not  MBESInhEAIE CPRRBREITS k) PEgTRF SR (s BoPBLENg e (1)
usﬁn%t th(!? Qpe%gg dt\elg?tlzevcﬁategtggl 1tnrt]g|)eI optcrr%%g g’eg&%%)}tecu%ﬂ gperation, and

the opening degree detection means (32, 34) is configured to adjust, in the pump-down

operation, a high-side pressure of the refrigeration cycle within a predetermined range ranging
from a first high-side pressure reference value to a second high-side pressure reference value
which is lower than the first high-side pressure reference value, and to complete the pump-

down operation when a pressure of the low-pressure refrigerant is equal to or less than a

predetermined low-side pressure reference value.

2. 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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t he openi ng degree detection neans (32, 34) is
configured to correct the lower limt conmmand val ue
usi ng the openi ng degree. 257, The refrigeration
apparatus of claim®6, wherein the opening degree
detection neans (32, 34) is configured to set an
ssuped val ue of the .openi ng degree, calculate as.a..
3. g p i relin e SParthE T sbarels e Shmtpiaiafaig g fgon means

ue ed by s 9

S R N e

. . . S
oo 1B BE ERE PR REA  De Rl RO s
efrigeration apparatus of claim6 or 7,
ﬂm%%%ggﬁhkthe openi ng degree detection neans 5 (32, 34)
is configured to correct again the lower Iimt command
val ue, which has been corrected using the opening

4. BRI ERgerhfioR AR LAGE YrAIRRH 3¢ hite Rk %hehetlh@tdgﬁgiing OcdniiRand value

amount ~of refrigerant flow through the exp n val ve

reat\fl\l}lleigé ﬁ}eﬁeﬁﬁ‘hin&ﬁ Lgshr ili?niil? tHeQpR Ak dB ke 8&@5’[%%%&%913 g@@?)ode%cts the

during a normal operation in which a space
uppRe lif@dsrtRd bﬁéi‘liﬂcgsdé‘g%étév_@h liedle bResk@EBE (R IBWSredshR refrigerant is the
openi ng command value is equal to the lower Iimt

lowCQaFBRekuYShi@hoEQal-or bBRW. ef ri gerati on apparat us of
claim 8, wherein the opening degree detection means

(32, 34) is configured to correct again the | owner
limt command val ue, which has been corrected using
5. The répigeiafigh da%tr@tas dfoary bd @€ rclahak Ued, wheirf iHeSbpening degree
condition in ich the refrigerant flow through t%e
det@XpRARHBN3Y,84Y & cohlduredtol detedt, i the @peting dupteealéressn oetafion, the
smal | anmount state is 15satisfied as the criterion in
opehing degwe by Irépeating® fitst opdretbrséfaheeasikOthe dpening command value by a
refrigeration apparatus of claim8 or 9, wherein the
preszp ealua gndiegrcend detrgthi ofdeaamn( Bikthd4)e ¢xpansdmnt vavr @d) is open
to correct again the lower limt command val ue, which
basérhen belenge orstae dBte leev-pgsduberetperanno thie grdee pntilot ia detected in the
smal l er value, if a second condition in which the
sec@t eferatparthaitthd ¢xpansibm valyh (I3 eés epepansi on val ve (13) is
in a predeterm ned excessively |arge

6. The refrigeration apparatus of any one of claims 1-5, 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 control
means (33), and

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

command value using the opening degree.

7. The refrigeration apparatus of claim 6, 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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anount state is satisfied as the criterion in the
lower-limt-controlled stateggg 11. The refrigeration
apparatus of any one of clainms 1-10, wherein the
openi ng degree detection neans (32, 34) is configured
to performthe opening degree detection 250peration at

caﬁ‘:rlﬁgat éj&n%.t:tea Eﬁvéi S &Wd%lu@ %gﬁﬁglgg ﬁleg_c%)gr)e%lﬁ:@l Waldefto fhe lower

predeterm ned condition I's sati :
lirﬁi@édrhﬁ&[@&aﬁ&ﬁar@mﬁry%uﬁ tRf vableddofitrd mephesi.n 40

t he openi ng degree detection neans (32, 34) is

configured to performthe opening degree detection

grgerat_i on at startup of the refrigeration apparatus .
8. (Theyelgggrgtionfappasiue @b elermiora d. whergin the Apgningséaereprdetagtion means

ng t.he openi degree detection neans (32 4 .
0 oftyrf SolRER Rt e 455 fopgr BTG PG 4 which has been
N \Y/ t i .f.f =) . .
oSl e SRS B SRR U e amountor
1e iR BlahOlo BRI (R3dx pRisbrl V38 Y i€ GatREed RVEILwE-Binlt-controlled state
command val ue and is configured to correct the |ower
in lWhith, dvoingandbrinal operagomp whizhcospaeetio b coatroldedsisasoattolled in
in the menory part (35) if not perform ng the opening
terdpeyatace, thetopening poropendivalemis guual tathe lgpvesflimiheommand value.
refrigeration apparatus (10).

9. The refrigeration apparatus of claim 8, 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 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.

10. The refrigeration apparatus of claim 8 or 9, 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
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.

11. The refrigeration apparatus of any one of claims 1-10, 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.

12. The refrigeration apparatus of claim 8, wherein
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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, and

the opening degree detection means (32, 34) comprises a memory part (35) for
storing as a correction value the difference between the lower limit command value
previously set in the valve control means (33) and the corrected lower limit command
value and is configured to correct the lower limit command value using the correction
value stored in the memory part (35) if not performing the opening degree detection

operation at startup of the refrigeration apparatus (10).



