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1 Description REFRI GERATI ON SYSTEM 5 Technical Field
[0001] This invention relates to refrigeration systens
and particularly rel ates t‘? controlling the swtching
of a four-way selector valve in order to change the
conmbi nation of conpressors used from anong three
conpressors. 10 Backgraoynd Art [0002] Conventi onal
refrigeration systens gﬁ?cm&% whi ch include a
plurality of utilization side heat exchangers in a
plurality of circuit lines, respectively, (see, for
exanpl e, Patent %. ﬁw é%mgerati on system
i ncl udes a refrim B? ﬁq ifch a conpression
mechani sm a heat-source side heat exchanger and
utilization side 15 heat exchangers included in two
¢circuit. lines are connected to operate in a
Techngca;lﬁ#&lgr ation cycle. The two circuit lines including

[OGOIEhf‘Iihrlugsitilmiéﬁzlngioig?n??l%%? (ljtaihsnégﬂigé C%I i Inl')’n{ge he; dg cﬁange¥ ol];e}]a es fo
controllg BB SR SR AN RRIcNEE Jpliin o0 b S @ Bpmbivation

of con?ggn%gﬁngd % %ﬂgﬁr# fiGeetidthdi&abisng @ room The

ression e smi1s conposed of a first
conpressor 20 exclusive to the first system a third
conpressor exclusive to the second system and a

onpressor for backing up the first or second
Back@?é?@%ﬁ[ooos] The conpression nmechani smis connected

[00022 de!?u%exﬁiqiﬂ/ ‘}E‘lirﬁeg@ifogas tehRU hreMBHowi EhBfch OfncMAk Ve iplurality of

Speci fica -way sel ector valve has a first

utilizalon LsidP RBRCEEGahsrd ind PRI BF chedid ARRE, tdsPiatively, (see, for
suction pipe for the first conpressor, a second port

exampt 'PHR&It Docdmndn 13 THE téfABertifEe st AEm! MEluELC 8Nefrigerant circuit in
conpressor, a third port connected to a branch pipe

which ¥ esapRskibn AiBcRarfisiA! h MRatPioReeel Sfe hb& éfthirtbef andrutitisation side
and a fourth port connected to the discharge side of

heat ekdRNEOVIAAGEST i BAd R\ indd&el QiheMEY t& 6p&atecin & pdftigeration
is configured to 2 be switchable between a first

cycle. MBS itivb @irchif links @bluling the thlizatiod sitedeatexvhaigeraare composed of:
a first system including a chilling heat exchanger and a freezing heat exchanger both for
cooling storage cases; and a second system including an indoor heat exchanger for cooling
and heating a room. The compression mechanism is composed of a first compressor
exclusive to the first system, a third compressor exclusive to the second system and a
second compressor for backing up the first or second system. -

[0003] The compression mechanism is connected at the suction side to a four-way
selector valve. Specifically, this four-way selector valve has a first port connected to a
branch pipe branched from a suction pipe for the first compressor, a second port connected
to a suction pipe for the second compressor, a third port connected to a branch pipe

branched from a suction pipe for the third compressor, and a fourth port connected to the

discharge side of the compressor mechanism. The four-way selector valve is configured to
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communi cated with each other and the third and fourth
ports are communi cated with each other and a second
position in which the firsy and fourth ports are
communi cated with each otfier and the second and third
ports are cormuni cated with each other. Thus, if the

- rop g soaciuea Tl A ol e =
s 1
® hand, i f the seconﬂﬂéﬂgﬁ]%rfl a e coolin /heatfe]c}ev#{lth o
other gagha40pd POFoR SR Bighy e GET 864 BTty A DELE el ith cach
othergggongwggétlgte@:ﬂ'lg reb t he secondd( }%(étgpeﬁ?lfgﬂ{er' fhus, etdthe first
e e 2 e BBt R P 08 i
wheregylgﬁégﬁcogng ag%gq%\s/s?qq ggel?s%a B’grgtglp 2'12? \gﬂgr?r?{ t{) Ibgﬁlgglg Fl}?nﬁrrgt coll'lpl'e ssor.
On the et R et ooty T R sApaclf; Y, fr-wey
sexectm;iﬁe SR SHE 5o o BRIl o BRBHLAER o o
the seF W@é‘%&% Fh?/{g’fr\(/ié’o yees'lcsz‘gﬁtsgr aV?rla?/?unE:PFon such
PatengDogunfiic B SF IR ahorf b Gpra N OB RSP 11
-Pro%vsi%fgwgfﬁlgg a‘n’ées.sﬁr?hgfm;?itTZSQd the second
Ong Y 83580l O QfsERrad i Sty ARWEVEL a0 pbblem that it

Iven OMIOf ISm o occurrence “of

has ncgl?rlrefsatﬁ,] fotl'ld%{éﬁ[h{hlﬁél %hEﬂ‘H g@g@@h? Ee%leétof’ FIVE hai ﬁhﬁﬁf&ﬂcn oned and,

as s our - way sel ect or

additiXRzgy tnE %ﬁnﬁ?&%{lér{'ﬁ%&ﬁl fgﬂé%)éureﬁ %Eéﬂlst%&lﬁﬁﬂtl@ﬁ S}ﬁ:ﬂically, there

ereo plugs (102, 103), respectively

isa pfb%ijéfn {h den1RE s'wﬁt%hm@ bR s &E@éﬂ 199Re ?Mlﬁﬂvafy@é[ecﬁ)‘ii Qtlve, the

pes serving as e above-nentioned four ports (Pl-

- 5§ danish alihffikRHYN 6ddhlds dlGw 3witahing nedvereat of the
four ‘??o I%Wt feal R N e val o | el do

valve Sdth&f bri¥fo aﬁ b8 ﬂoﬂrxy (aHL¥ s@BlQ' Al Rglfanction i6 1680 as 10R) thes suction
partitione both the pistons (105, 106) into three

pressur® Qﬁ‘ﬁhe kecBnd c@m Biegdbr RiBSSitFctnel P 810p(4Rd) in thefwdrst case, the second
working room (R2) and a second working room (R3).

compredsctUuaizht B8 bedketll Hereph deb@iptioatwilisbe( 4i9bn bld6) oBa mechanism of

occurrence of a malfunction in the four-way selector valve.

[0004] First, as shown in Figure 2, the four-way selector valve has a cylindrical body
(101) closed at both ends thereof by plugs (102, 103), respectively. The body (101) has its
periphery provided with four short pipes serving as the above-mentioned four ports (P1-
P4). Accommodated i_n the body (101) is a valve element (108) with pistons (105, 106).
The valve inside defined by the body (101) and the plugs (102, 103) is partitioned by both
the pistons (105, 106) into three rooms, i.e., a high pressure room (R1), a first working

room (R2) and a second working room (R3). Through the sliding of the pistons (103, 106)




10

15

20

25

in the body (101), the four-way sel ector valve

sw tches between a first position (the position shown
inthe solid Iines in Figuge 2) in which the val ve

el enent (108) nakes the fYrst port (Pl) commruni cated
with the second port (P2) and a second position (the

in the (10K B ir-BEREE ToR)e Auaes ReWeB AR Acion (e
s R LB SR ) s e
s oSS SEE e 5 S P S s
showngiigﬁlgq grrgggrg ngs il;ngiﬁglgtﬁ é’i? \l\jwilti(‘i(h?t?\e B}éﬂgreg%%fézfqggirlﬁﬂes the second
port (FbngorominiSnied ofith B R Bt OB ARbRU opt S HE SO Gorking

[pe for the third. conpressar —réisuks or high-
room (kB midhe pefond ik OB (08 are Begtl B Yl B prdaeuor high

t he tg'ﬁrd port (P3). [0006] For exanple, when the
PressuregasS i\ @ ect or valve is in the first position, part

[()(}OS]I-O]_c In Sfﬂé: b'};&%?g :Pﬁée: | %S;Eﬁ‘&lt Er%ﬂ{ tHeMGuchibh ?‘ipec RIS RS compressor, a

re a OW pressuare gas

check i&rﬁ]{v%i(?ﬁ{g%gt%vidgé ?o\i\ﬁallito%:&'zgnﬂg r?&jefﬁéer ifowk RAWard id fild€port (P1).

cond por I's then 15 sucked into

In the ﬁ??ag\ﬁ: &iﬁ%@fﬁéﬁ}%ﬁ%ﬁ ?ieh stglofl :f:gpeoitoiq Se thtdtom ressor, a check valve

gh-pressure gas refrigerant

. havi i t he: t
i AR AT 9 A ol S W g e
100061, 5% (REmplY, WheRUE hERNapicke: Uilep is Bttt ppsition, part of

\ n short, each check valve (7)
suctio$ [er? faht T Bid GRS RoipiésRoRn ., NoghteRipefatute cangdalow-pressure gas

rigerant having flowed into the val ve through the

refﬁgérﬁﬂr gleQCIﬁtto hE st #&Wﬂ)oémmmehl’ihtb the ase@éhd’ pars (P2) and is then
thitd conpressor. Thus, 'hi gh-tenperature gas highopre
' hragof. | OWaR dthdr ahd\ehiglrtepipepataresmd drighepressure
SUCke{EIf %?%dsé%ﬂerre%i n and may be %ooflged by )
gas re!&‘?gvfr&ﬁ%%?gt H5Red a0 thehlveahmngh fthofsurth port (Rghflows into the
valve elenment (108) to partly condense and becone
high présSitietoomI) ARA ihehi ity thenied poru(B3)Jas is then ishyraffiby the check
the second working room (R3) may also be cool ed by
valve F'g)e 115 3hat, tedclp ahédk v aban (g pseveatschiple taonperatinguand, high-pressure gas
007] If, under these conditions, a sw tching conmand
refrigériint eSO 6Wediitd e vahe thromgh ey fousthlpeut (Bd) framBowingrinto the
the first position to the second position, the first
first ofQhiil RGmpeesvr AR, ighftethperdturd gas refggerptchayingeflgwsd into the
refrigerant to push the valve elenent (108) toward the
high pfeksuile room (R1) resides therein and may be cooled by low-temperature gas

refrigerant flowing through the valve element (108) to partly condense and become liquid.
Further, high-temperature gas refrigerant in the second working room (R3) may also be
cooled by the same to partly condense and become liquid.

[0007] If, under these conditions, a switching command is issued to switch the four-way
selector valve from the first position to the second position, the first working room R2) is

filled with high-pressure gas refrigerant to push the valve element (108) toward the third
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4 port (P3). Thus, gas refrigerant in the high
pressure room (R1) and the second working room (R3)
can easily flow out but Ii%uid refrigerant in themis
less likely to flow out than the gas refrigerant. The
residence of the liquid refrigerant restrains the

rort BB, e B o i R0 b et i
com 15 0h St v G 5 Bl i R g o
the esharsbigemnhaecrsons Otie RETCLRpiE e bRt shdielnents of the
sork T S B A, SR 5 stin s
stop of {4 AL TSR DS AR (o7 T sleff FLR) i s 8 the way
v e e B P B8 oo

0 .

bj is th 1 ef rd. i neludi :
e el P B DL 0 s, v
{ \ i i . g
e s
oS R BT e By B vl v

e SW ereor. DI scl osure of

heg,! ti ' . i
00 RS b0 s S0y R A0, BERPRR, treroe
. di . frij ati i Qi g s
ts obflel Bt fophef b B Bl RAERAGARRCAE VafhcMor switching it
poSiticHs %t ey AbY Endrz®) tHY QYinBERAHELREHE ddmpr&sodP Bod | diforigh three

a Perri geration cycle, the four-way sel ector valve

com 1{e§s&s (A1 hage ?n Ebifity RCddtedt Blhalf@ctigh lof e BueMay selecior valve at
P 0

I ger ant rafirst conpressor (2A) to flow
d R Sha Wit BeRRd port (P2) for allow ng only

least sucg on re???gc’gerant to flow out thereof toward a
second conpressor (2B), a third port (P3) for
all owing only suction refrigerant for a third

Discl(%gp?ﬁfﬁﬁqrmgg@nto flow thereinto, and a fourth port
P4

or allowng only discharge refrigerant fromthe

[0009j i r$dlutidhs t2Rntihikpre@MpIReatsBare adfollaws) to flow
hereinto. [0011] Further, the four-way sel ector valve

[0010f 3Qhe frst @Blution i€ dirt@ed o awefrigerdtion dysteneeomprising a refrigerant

(@}

circuit (1E), including a four-way selector valve (3C) provided therein, for operating in a
refrigeration cycle, the four-way selector valve (3C) having a fist port (P1) for allowing
only suction refrigerant for a first compressor (2A) to flow thereinto, a second port (P2) for
allowing only suction refrigerant to flow out thereof toward a second compressor (2B), a
third port (P3) for allowing only suction refrigerant for a third compressor 2C) to flow
thereinto, and a fourth port (P4) for allowing only discharge refrigerant from the first to
third compressors (24, ...) to flow thereinto.

[0011] Further, the four-way selector valve (3C) is configured to be switchable between

a first position in which the first port (P1) is communicated with the second port (P2) and
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a first position in which the first port (P1) is
communi cated with the second port (P2) and 5 the
third port (P3) is communigated with the fourth port
(P4) and a second position in which the first port
(P1) is comunicated with the fourth port (P4) and the

the 5igggot 08 csmmbnictnd SRy PeBUEE ok (b ¥ & slconldsiton in
w5 LRSS 4L 0 F0 P 6 o
®2) niopiuptpld Wl GRS gL RAEFoPREARLE] B rffigiriin system
e 5 0 e eyt s
comp?e\émérc &Sﬂ c %lﬁlanﬁé] esv\mcﬁi%gagﬁ Q5 Uh@Dway NBle s Otulve QBT &E0 thereby

as a up conpressor for the first

deterrﬁ&xn&%g%géfatﬁl%@\{ré%} SRR (5@?‘ Has REEndtioged.our - nay

swtches to the 10 second

[oougggl‘ﬁ}h HboJehs%hﬁFo‘ﬁﬁ’gh(}F& AR <4128 {ANE (3ONSwittheto the first

conpressor d conpressor (20C).

positipO fid] m%eégﬁ&igoh%égs& (8) Sc)tiBﬁslro 3 PBBHIpOBorEpreboe for the first

sel ector valve , part of t suction

i [ SQfeldeto)vald itches to the
compf iy (B3 T e, i e eaona port
P2 - I fudtiot ds34b teampressor for the
secong u%is g@;fnr -trtllltk(e; S%C%ga scmﬁ%sgglg%%npr essor (2 B)aéﬁ%i nc ep t he

: ' ¢efrigerant having flowed through the fourth
t}nrdg(g?@lg@é)g% jlento the four-way sel ector valve (3C

angede; e HrsttdiRitioni dfdhe Suir-widy3delectdr vabed (3€3, parh of the

{OOIﬁhe%bét{aggyﬁgg ect oéwval ve (30). dd?S?he ot her hand,

suctidﬁ‘re?ﬁﬁarﬁﬁ GO ghe FRSH donfiitesbr (220 flows throviph the lfestport (Pd) wad then
3C), part of the suction refrigerant for the third

the sé€cBRPpEE FPZ) dfAke fdur-avay selebtopvglve (3€) ardl sdhgonuck¢d o thegecond
then the second port (P2) of the four-way sel ector

compYesoe(2f). Sfck o dischargbeefripemine tiaving dlavweel eeughdthe fourth port
conpressor (2B). Since the discharge refrigerant L

(P4) ey ﬂﬁ@foﬁﬂw? delbftopuglhe (36 dannott flow ont of the thirdpert (D), it resides
four-way selector valve (3C) cannot flow out of the

in thd foubivapQelectoPVhivei(BC).63n tiesother Hand, indbe sevopd pesiion of the four-
valve (3C). In either case, since the suction

way debictirgaher(BCh, [ afght buatioghefrigerant fosthgythind qompressar(2C) flows
then the second port (P2) or the suction refri ger?nt

throufh o thirdt poro(B3) drfdetherhithelsqrond porIP2xaf thenfayrpyay selector valve
second port 25 (P2) has a | ow tenperature, gg

(3C) dhd thihen sucledrintpethersecondstampresson (3e Sinsg b

having flowed through the fourth port (P4) into the four-way selector valve (3C) cannot

t of t
{ﬁcharge req'ggerant

flow out of the first port (P1), it resides in the four-way selector valve (3C). In either case,
since the suction refrigerant flowing through the first port (P1) and then the second port
(P2) or the suction refrigerant flowing through the third port (P3) and then the second port
(P2) has a low temperature, part of the discharge refrigerant residing in the four-way
selector valve (3C) is cooled by the low-temperature refrigerant to condense.

[0014] Therefore, even if a switching command is issued to the four-way selector valve
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selector valve (3C) is cooled by the |l owtenperature

refrigerant to condense. [0014] Therefore, even if a

switching conmand is issued to the four-way sel ector

valve 6 (3C), there mght occur a malfunction, such

as stop of the valve elenent of the four-way selector

val ve .(3C) on th Of, (O eleftht of W fbur-way
(3C), there pights %%Q’W?Q’gua#}g%vﬁagp%ggfgg?i on fromthe .

condensed refrigerant,. Jf f UoRhd BN iRGFateSce with its
selector galyg onthe %?y gﬂﬁlp?"orﬁloﬁé‘p%tgg%f i ntéo t he second

normai o&p{%sﬂgg_yf@i@ 80%#'}}5{3@‘@%?&8&? fdadcR adﬁlﬁffuﬁdiit%rr]lg)ccurs, the flow

present 1 nvention,

e o oSt IP e T AERIGHITSS oBusasans drop e
suctiof PPt UBnRIPR DR JBF Qete it ety Jelel th sucton
s e et Vot SperRatsER st e O e
et e’ SR bop gl CARELAC fogtiey gjoctorvatve GO

. _pr.essure ' ' seisqBoNg t he
durmg Hﬁ?\”g m%?é'gg#regg%@ t %)p@gg g%gn{dgﬁngpr esscc)(}3 )228) after
he s f i ' MmRNErst Qolutien,f Whéreinvthe determining
[onlsiele]élaet g‘?&%\r}gls\?e @?&@g&%mnd hol d?ng sect irgn (82) )
mean% ?éeo sc\%ﬁ E%]ea Qﬁh‘éﬁtsp?é’ss&"eedé‘ﬁé&@n seétidnN(81} fimt devecting the suction

etection section (81) becones |ower than a

el Wik of aaivitchingfoommandyto the four-
pwss@éﬁggieo%e%ﬁgogf%%f %ZMf unctioned and ﬁol di£g {e:]ie
Jafdi (3E)CH OHRbAnd NoMifg S&tibh €82)afor,svizencthy dstectedgmessure
way %’ggﬁm or, Gg:g)’ngt he corrmamdﬂg hol di ﬁg )gcti on (82)
of thd'Qictioh g;rééasre&y&écﬁeh REcte@BAN becantafpiwagtiphe medgeanined value,
conpressor (2B) and putting it into standby for a .
detenﬂﬁﬁgéttﬂtr@heeﬁu}-bvﬁ?- sel 2@t 6¢alver (3@E had madfupctiencdoand hplding the
the Suction pressure of the second conpressor (25&&l
switchRgOdRAmbANCAnd hagorhpressor extaidby ndentian (83)uforg wppphe command
swtching of the four-way selector 20 valve (30, it
holdihg s&bBbR (81)1RMdihf e switchimp wommands stopping the/secord eaynpressor (2B)
has mal functi oned. Wien the four-way sel ector valve
and puifng it ntélshedyyi foed praleteaménedeibeinct i oned, the
switching command to the four-way sel ector va({ ve (:%g%9 2B
(0016]S Deti sove belutivhewbarteduciompprsssiss of the)sepand SArBRfS 1 (2B)
and put into standby. This avoids breakage _or aqther
becordled éwer 1hhn tthe pseleteniinedovaiieduiing Fwithing of the gt selector

drop in the suction pressure and allows _the four-wa
valve (3C), it is determined that the four-way selector valve (3C) Eas malliéunctlo%ed. When

the four-way selector valve (3C) is determined to have malfunctioned, the switching
command to the four-way selector valve (3C) is held so that the second compressor (2B) is
stopped and put into standby. This avoids breakage or other defects of the second
compressor (2B) due to extreme drop in the suction pressure and allows the four-way
selector valve (3C) to gradually switches to a selected position. Therefore, the pressure
céndition for actuating the valve element is maintained in the four-way selector valve (3C)

so that the valve element gradually moves by the maintained pressure.
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25 selector valve (3C) to gradually switches to a

sel ected position. Therefore, the pressure condition
for actuating the val ve elﬁpent is maintained in the
four-way sel ector valve (3C) so that the valve

el ement gradually noves by the maintained pressure. 7

0017] The third sol ution is di . . -
(0017 ofthe i sahioni 5 b Db AT LU g TRAEE Yetermining
means 80 firingr apmpRESacarRiesgh pf B SidnI4) R dftg up the second

standby for. th det er mnad, ti db
comprsssan (H) Paeta et e plifgeh{iEd Hind BY (BOURAGRARR standby
. sectign (83) i fi , d
section @8 sEyieprthe FamBEsr o SR (§Efis SOMRRKEL ihen the detocte

81) b | t han. t t e | ahin th
pressu(afbr%fh éﬁ‘? gg‘:"%?%?%{"fu:é%? elt%ﬁ%ﬁa ? %ﬁgﬁe?%glnp%?%srg%g (:l%vg?t ugh . )

section 0. S ardusl sect
predetfﬁmmpf Ve ol 8 rs{égﬁsia?fg‘ﬁ‘ﬂ’g “{@%e%zﬁ‘?ignded d S:,“’“

romthe predetermn i e
(84), ’é’oFtGPitBﬁ,sg‘éq C%Omﬂsgggé%nggg%@%?é@snéé @Eath)By st a?tq)se nSp o

fter stand 10 1 f tuati th
extendyg i HERERRERRRHERE D oy cel ctor val ve (30 b

' .. Th Qft uptafier standby,
o018} 1 R @8¢5, ol il U eRof) ERpicssot (RBY A, uplafier Sondy

the prg%h%? @rg ?ﬁu&t&%ﬁ:e%ﬁﬂé é?&n?ﬂt%?ftl%é toRiwdyRltgoatle (3C) increases.

becones | ower than the predeterm ned

Thus,\(@els?glivg %Lép%g% élgx@g}n%ﬂlatt&esro,etﬂﬁt thk TBurswap Belectomiules EUE) switches.

put into standby for an extended

st tLae. ggﬁ&i i gal asihprebste (2BE besomidsclower than the
Furth?fr Zggﬁb\r/seucgggfé e ife%gnsgy%ngenpregsor ((212) becorreslmd dout
0 t HREEL) @ eabntBcoriyressat 2R)by stopped and pu
pmde{‘eglrﬂﬁ{eﬁgﬁsue%c%&g@g%ﬁn%?eéﬁ%g? (2B) is extﬂgﬁded. Thus, the ¢
: 7 WG 0010l stAbY @infe3 Spesificallyy eachniime s subtion pyessure 0
nto S{aﬁg{’%?%n%ﬁ%tﬁ&ﬁcgﬁﬁ[hgﬁQ] - E?f ect sW According to the .
the seboid Eorﬁgﬂek'stdr gﬁB) Be2BmesIFwed Mhatl the predetenhinet o abecthagtandby time
conpr essor 0 (2B) during switching of the four-vva%/
for the %é&ih‘ﬂ%ngﬁééé@r )is bxtestiide Thes) thenfbui-wvay selebter alye (3C) surely
eterm ned whether the four-way sel ector valve (30
switch@Sdurilgf tHO Sthhdbyasime.Whi ch makes it possible to surely
recogni ze the operating condition of the four-way
[00193(3' egppssval ve (3C). Thus, suitable neasures can be
aken agai nst mal functi ons.
According to the first solution, the suction pressure of the second compressor

(2B) during switching of the four-way selector valve (3C) is detected and it is thereby
determined whether the four-way selector valve (3C) has malfunctioned, which makes it
possible to surely recognize the operating condition of the four-way selector valve (3C).
Thus, suitable measures can be taken against malfunctions.

[0020] According to the second solution, as a measure against a malfunction, the
switching command to the four-way selector valve (3C) is held and the second compressor
(2B) is stopped and put into standby for the predetermined time. Therefore, the four-way

selector valve (3C) can be gradually switched while the second compressor (2B) can be
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[ 0020] According to the second solution, as a neasure

agai nst a mal function, the 25 switching conmand to

the four-way sel ector val Vg (30 is held and the

second conpressor (2B) is~ stopped and put into

standby for the predetermned tine. Therefore, the
can

protec) el et aroin B oot B hsF R of LAHE I sypteg operstion
o b8 ok Bl B TR L0 S AL iR o

oua1 A e B ot Bl Yl RSk Qs el ancoy i
s o s 52 G T o L 30, AL () g e et
Tous, e ¥ B firroanie i, T e B Bt bEGL ARy quiched during
sanatf 5 BB R M I 0RN, Sue, SR simce e
standyL 58 o e S4B, bl (28 o PSR UERS PECIed oA Blessure

I t t h ed ' i .
becorqegﬁl?e\gf% an the e;gr{sg%l%\[/.él l%dé U%lﬂ%?ga}f@%h@ﬂﬁs%hﬂv@? deleft8r valve (3C) is

determ ned to have

detcngnﬁ%% ?@ﬁ%v%%@ﬁén&h&%&i gﬁl‘{oﬁg&?ﬁ @él@&BP{falVé‘P@ dad ®k sGrfly Heitched

e standby tine. Brief

. Cri Rt of Drawi ngs [0022] [Fig. 1] Figure 1 is a
dmn%?ﬁ’%isﬁla&%#gg}eém for a refrigeration systemaccording to

an enbodinent. 15 [Fig. 2] Figure 2 is a diagram
showi ng the structure of a third four-way -sel ector

Bﬁefﬁgﬁp#ghgﬁgﬂw@sgure 3 is diagranms showi ng a pil ot

or t third four-way selector valve, wherein

{oozzgg [ﬁ%ﬁﬁ@%@% &  biphlg @piahi R Ofctiif@ativn sistenabverding to an

s a second position thereof. 20 [Fig. 4]

b ]F[%' ge 4 is a piping diagramshow ng a refrigerant
em OE ow during a first operation of the refrigeration

sy gFfn2) [Fiule 25k aRdigsram shoiwingathei sauogirelbbigtierd &hvowraygselector
a refrigerant flow during a second operation of the
valvel €f ri geration system
[Fig. 3] Figure 3 is diagrams showing a pilot valve for the third four-way selector
valve, wherein 3A illustrates a first position of the pilot valve and 3B illustrates a second
position thereof.
[Fig. 4] Figure 4 is a piping diagram showing a refrigerant flow during a first
operation of the refrigeration system.
[Fig. 5] Figure 5 is a piping diagram showing a refrigerant flow during a second
operation of the refrigeration system.

[Fig. 6] Figure 6 is a flowchart showing switching control on the third four-way

selector valve.

[Fig. 7] Figure 7 is a diagram showing a malfunctioned condition of the third

four-way selector valve.



(¥

e

10

15

20

25

[Fig. 6] Figure 6 is a flowhart show ng sw tching

control on the third four-way 25 selector valve.

[Fig. 7] Figure 7 is a diagram showi ng a mal functi oned

condition of the third fodr-way selector valve. 9

Expl anati on of Reference Characters [0023] 1

refrigeration system 1E refrigerant circuit 5 2A

i nverter conpressor (first conpressor) 2B first

non-i nverter conpressor (second conpressor) 2C second
Explanatien nf/Befeeencedrhmracteds (third conpressor) 3C third

four-way selector valve (four-way sel ector valve) P1-
[0023]P4 1f i r stefrigerdtipnysysteyfort s 10 80 control | er (deternining

means) 81 suction pressure detection section 82

colBandefrigesant giredtt i on 83 conpressor standby sect.ion

84 conpressor startup section 15 Best Mde for

CaRAyi rigvemtar comprassrftstSAMPISESY) Enbodi nents of the

present invention will be described bel owin detail

wi 2B ristramwerter W‘ﬁﬁs%ﬁ%ﬁﬁ%‘.‘l PEPRFOTAs shown in

Figure 1, a refrigeration sysje 1) according to the
pr ggentse‘“»@@i %%Pﬂ%’rﬁom@“&z&é@a%‘?&ﬂ@fsﬁﬁ ed in a
conveni ence store for th rpose o ooling a cold
st 8€agethi dpwrayay: %@tgn@?%p%q A Seﬁﬁ“g?fl Vz?;veg ase and
cool i ng/ heating the mre. [ 0026] The refrigeration
sy®deRft( 1) c@ﬁ%r“? "Sut door unit (1A), an indoor

(18 anibFudeemiids PR ant” o reui t (16) Tor
81  suction pressure detection section
82  command holding section
83  compressor standby section

84  compressor startup section

Best Mode for Carrying Out the Invention

[0024] Embodiments of the present invention will be described below in detail with
reference to the drawings.

[0025] As shown in Figure 1, a refrigeration system (1) according to the present
embodiment is a system installed in a convenience store for the purpose of cooling a cold
storage display case and a freezer display case and cooling/heating the store.

[0026] The refrigeration system (1) comprises an outdoor unit (1A), an indoor unit (1B),
a chilling unit (1C) and a freezing unit (1D) and includes a refrigerant circuit (1E) for
operating in a vapor compression refrigeration cycle. The refrigerant circuit (1E) is formed
so that a heat source system including the outdoor unit (1A) is connected with an air-
conditioning system including the indoor unit (1B) and a cooling system including the

chilling unit (1C) and the freezing unit (1D). Further, the refrigerant circuit (1E) is
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operating in a vapor conpression refrigeration cycle.
The refrigerant circuit (1E) is forned 25 so that a
heat source system i ncl udi ) the outdoor unit (1A) is
connected with an air- conditioning systemincluding
the i ndoor unit (1B) and a cooling systemincl uding

configeii e d#%%%?mﬁcg%ﬁ%%ﬁc@? w&@%@%ﬁ%ﬁs.ﬁ% 2? £ o
00272855 b PR J5F R R e o nd s

f le, i L] i ng. i
ne s om0 3 £ 60 4l gt U i
the dié’é{& Sgs%hgﬁ?s ﬁ‘g%gc]lgl%s HII?) i% %&cefi él? g%gf%eeeg&l %ﬁ@ﬁ}é G%sr%gé %?1 the air
. ..spl ay case to cool the air 5 in the display case.
mﬂw%ﬁ%?] é/aéﬁl unit (1A)

t door Unit> The out door i ncl udes

hr 0 essors (2A, 2B, 2C) that are conpression
(0028} 3 FARASRUTET

ree four-way sel ector valves (3A, 3B,
30

that . are flo d t
heartlfheefg}@ﬂrge lt( ﬁsAf wﬂl 5 gﬁ%ﬁgoﬁ{spgﬁsrsgfeé g%g’eggég%@j 1tl(1)at e
exchan , 2 [ r r 2 A fl
compfBS§OR 1Fipstily Hred 26wl EP SeBATR B 14,298, 30y WD are flow
channgP TRfeERPL and®ad |dufdool Heal BY&Hah§ér @9”@1%195':@ Q" héatBdurce side heat
Servi'ng as a second conpressor, an a second
exchaﬂg&'.' nverter conpressor (2C) serving as a third
conpressor. Each of these conpressors is forned of a

[00295}ﬁ [;ﬂﬁés e doniedibRTU! QB,dmj(aazlkgéﬁﬁm?é}fe? bbmpREFIr¢3APEerving as a

I nverter conpressor is a variable capacity

first cf&%@féés?&s QrbthoplihGtted ORpRssdr(2BY Rérvitlg £t sebdndeompressor, and

ef to make the capacity stepwi se or continuously

a secyf iRl ifiverfed SoohipgrsdsoN PPE) sérvitigt 88 aCEidr esrapresdor BEacindf these
second non-inverter conpressor (2C) are fixed capacity

compfeRtRs 88 $8nfed Bf Whhdetic, MERpréssu@r domed tile scrcld eotupndssor. The
rotati on nunber. [0030] Discharge pipes (5a, 5b, 5c)

inverttPEothPResdoR (BAS B a mme@@aci? 2dthprebdue iff which momotord® controlled
i nverter conpressor (2B) and the second non-inverter

by arf f¥RFES 0 mdkGhe afapadnstepwisd drocantinaousipvariable. The first non-
hi gh- pressure gas pipe (8), and the high-pressure gas .
invertet REmipBssors (AB)NARE k&dnd mobHavertérr atmpressor ¢2C) hee fiked tcapacity
four-way sel ector valve (3A). The di scharge pi pe (5b)
compfedors ewhichs motor is driven at a constant rotation number.

[0030] Discharge pipes (5a, 5b, 5¢) for the inverter compressor (2A), the first non-
inverter compressor (2B) and the second non-inverter compressor (2C) are connected to a
common high-pressure gas pipe (8), and the high-pressure gas pipe (8) is connected to the
first port of the first four-way selector valve (3A). The discharge pipe (Sb) for the first
non-inverter compressor (2B) and the discharge pipe (5¢) for the second non-inverter
compressor (2C) are provided with check valves (7), respectively. The high-pressure gas
pipe (8) is provided with an oil separator (30).

[0031] The outdoor heat exchanger (4) is connected at one end, a gas-side end, through

an outdoor gas pipe (9) to the third port of the first four-way selector valve (3A) and
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non-i nverter conpressor (2B) and the discharge pipe
(5¢c) for the second non-inverter conpressor (2C) are
provi ded with check val ves (1 respectively. The
hi gh- pressure gas 25 pi pe 8) is provided with an oil
separator (30). [0031] The out door heat exchanger (4)
Is connected at one, end, as-side end, throu

connegtedcps dhe other endpa liggid-side prrrb 9 png endret an ertdf’wehqqlr! etpe (10) that
four-way sel ector valve ﬁb and 11 connece ed at t

is a liguid linenEhe quidpey,figuidi raeeé inglydema resravess (14) dispe opartway

sere o a4 b i ot iy UG8 st
A AR ) b o B 1.
L e
o0 RIS AGE e  SETR Wk e 0
sons R S bl o

arefr t fl fromthe receiver (14) toward a’
(14) tayyprd. ‘rﬁéve(% [ 0032] The outdoor heat exchanger

o Softﬁégreﬁeiei@{e?ﬁeﬁ@?ﬂ%@@&ﬁf 5 Y v
et N EERRRA S Gl R S o 0 oo

rst four sel ector valve (3A) is connect ed
fms(@"? thg{ E‘Fat'sé’f’f %/e (20) to a first connecting gas

o 8k b R 5 00 B ) s 901 v
o B Ot ey 10,
and tl{ s%cér?cﬁi?&g e QsHE 13\@3111&9&8%1%{1%1\ }ﬁ%;iﬁet: %ﬁ&ep 85%"&1‘3%% port

an auxilrary gas pip charge

of thenﬁf%?rc{ %&% v\féa seié&?or v%ﬁ%?ﬁ R i ﬁ%}‘t BF theCdBRb AP ﬁﬂfr—way selector

cond port Seco four- way sel ect or

valve ($BYS égﬁ@ctéﬁhﬁﬁg}g ?ﬁ%gﬁni.’h&@sgzag ?ﬁfet(‘lgf‘toﬁh@ istBf e bipe (8¢)%or the

econd non-1 nver (2C) The third port

secongf o(nk vé%}%% . RleCCEd Pt \oF thdBcdnd Bur-way selector

ed port. ere ore, the 20 Second four-way

valve ﬁ?ﬁﬁ"gﬁ“ﬁdﬁ a(sﬁ%?dr%%t We g&ggﬁs?émbh LifvdrieF esmpRYsor (2C).
The third port of the second four-way selector valve (3B) is a blocked port. Therefore, the
second four-way selector valve (3B) may be replaced with a three-way selector valve
having three ports.

[0034] The first four-way selector valve (3A) is configured to switch between a first
position (the position shown in the solid lines in Figure 1) in which the high-pressure gas
pipe (8) is communicated with the outdoor gas pipe (9) and the connecting pipe (18) ie
communicated with the first connecting gas pipe (17) and a second position (the position

shown in the broken lines in Figure 1) in which the high-pressure gas pipe (8) is

communicated with the first connecting gas pipe (17) and the connecting pipe (18) is
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[0034] The first four-way selector valve (3A) is
configured to swtch between a first position (the
position shown in the solig lines in Figure 1) in
whi ch the high-pressure ga 2 pi pe (8) is communicated
with the outdoor gas pipe (9) and the connecting pipe
(18) is 25 communicated with the first conetln P
comnpinjmatedl Withathe catdose @ag pips (P Hn El'ten@thﬁb§ii’? gﬂf%n our-way
in the broken lines in Figure 1) in which {1
selecthi yalve (M)sisrconfauredite) éw(tgl) b¢t§veeg aiiFstpasEiong(the pq:pltll%shown in
first connecting gas pipe (17) and th anectl n P th h
the sqlidgljnesgn Fogure d riruwhick: the apkilighy gas IBB‘% rxs [j%@mb’i"%é ed the

(9). On the other hand, the second fo ector
 blockedbor aid e papneaing Bie S1Y 1 OPRENCARL \)@E%S%%Pgtmpe (6¢) for

position (the position sho t?; 1% I th
the seeprdinen-myverter GHRRIESSOR E2G), and 3 affcynéaems%é £ Pgyition shown in the

comuni cat ed W|th the . bl o¢cked the connectl n
brokep; lings (in &jgure 13 Mmlbﬁleeadl’%‘ﬂ 8@3&9? “q“h the

comégéagﬁeﬂiasﬁﬁgﬂg FcAign 5588 e i <68 a?ﬁ%%ﬁ %@&%ﬁ% port.

onzg) ﬁgﬁi 'gg@gﬁéﬁéa%% U cenaccied i alfesl bl iipe @5 tha
o3RS A 5 SR i e g
o TR b A g et
The opfpr GEER O i 8P aﬁﬁnxe's T s fhpd pBicBp} bhng & check
v, B EART rGRY AR oS i v
o e 0 W 0 e o o
the otgﬁrsir}de tilﬁfegf 1sr(ie%)gue1éé{§<{ td &né)oelitﬁs%r ‘ilﬁgldc]ﬁﬁ %'ef(a?eeﬁzcﬁe check valve

recerver her end
A3 AR SR i b o 7 38 e 0
n e B SRR Sy rmgceieiy (s cFieeaat)

[0036%0r égﬁx%&%rd%héénot\ﬂeta aﬁ% flﬁ‘l.ﬁd rp@ﬁeedﬁ? Emc{ Qt@lctlm{ 5@93 @ﬁa) for the

nhect ed between the rary 1iquid pipe

invert%f" F&ingﬂzaﬂr EfAf i3 iban lﬁjgalod PpeIB rwuﬁpélpéléét&ﬁ{ic éﬁﬁhsﬂoﬁ valve

jection”plpe ( with an el ectronic

(29) %@gﬂé‘aﬁ 'e%u%ﬁh\iﬁechﬁgigﬂl t:Bﬁﬁedte%l TRwEHRE \Gipen pire ehahirsdeiver (14)

nnected between an upper part of the receiver (14)

and i G Eﬁ)ff@f AR iRl dfr comprdssur (RARis zﬂg&f ﬁeﬁit pipe (28) with a
conpr essor ( IS a gas vent pipe (28) wt

check valve (7). The check valve (7) of the gas vent pipe (28) is for allowing only a

refrigerant flow from the receiver (14) toward the discharge pipe (5a).

[0037] The suction pipe (6a) for the inverter compressor (2A) is connected via a shut-off
valve (20) to a second connecting gas pipe (15) disposed outside the outdoor unit (1A). A
suction pipe (6b) for the first non-inverter compressor (2B) is connected to the third four-
way selector valve (3C) according to the present invention and configured to be

communicated with either the suction pipe (6a) for the inverter compressor (2A) or the
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check valve (7). The check valve (7) of the gas vent

pipe (28) is for allowing only a refrigerant flow

fromthe receiver (14) tomg d the discharge pipe (5a).

[ 0037] The suction pipe (6 ? for the inverter

conpressor (2A) is connected via a shut-off valve

(20) to a second connecting gas pipe (15) disposed
sucticputipé (fe) farghosacandnonrinverter gomprassop 2 ct | on pi pe (6b)

for the first non-inverter conpressor IS
(0038 oM sricaieallio thespationopipevtp) Jor bt GFvert \P@mP%?OT @4) is
according to the present invention and
conndgted tbuaHehra 0GP (Aablor errehEors GBI oo thel e vpselector

the inverter conpressor A) or,the f3 sucti
valve(3€). Fhersuethan pipe 6] fothe g"ﬁﬁﬁélope‘ﬁ""{éﬁ#ﬁP@E‘éFm 38! B dinected to

038] M f I th t
the seppd Py P th iSOV sSlginvatis, B0 (B gt (o) or the
seconf - Inagrie e BRFSFr @Dy comsepted bl &l e pige ({5 the third
port (23 At thedhird G0 W HEs R XAO AT Y 55 Lt e B of the third four-

sel ector valve (3 The s

way ;e?ﬁ%gqrm@}{ves@gﬁa cﬁggpchqlvtgra( g%anela meeéga g{aﬂ%&f gSm ﬂme gas vent
ipe @81 Hovpiesty £ e S S b oiy (ol gnioed i
oA 9 keSS B S g G Pt
o B R AR BT B 4 38 i
selectB{ gl\éb%eéég tth é%glﬁflﬁ_} eajigv\%siplqlg) SUIGﬁQI? rfeﬂirﬁlefaﬁi: Bor the inverter

comp{';%{;c{;e(g.%% &logp@g%lgfrf @V\@F gegolﬁﬁ }{nﬂi (]ﬁg QGVF Wmlﬁr ﬁﬁh@x‘f téffigerant to
flow g\%ctfngrtgﬁ Y&l H?he( ﬁl%% ﬁ'ﬂ'ﬁre&t’ef %m &%gor((fﬁ ), thé |tlﬁi’é§ cﬁf‘gm) allows

4 g8 ant "Por 1 dnpr essor

only suct1{) 9&%1%&?5&0?&% ste&f}ﬁi xﬁﬁcfmgﬂ <o @0) %‘@loWremto and

SUcti on Il geran ow out tHhereof tovvard t he

the fo?.t’gg’ﬁorp @%ﬁl{o&rf ‘&%HJ §§9ﬁ1g$>?a§} frohf'ﬁlet iftvérter RBMdpressor (2A)

Suct on refrigerant for the second

th t d
and tfEfst A0S {Wﬁ’gpo’f‘?@ﬁg?'&qmm@gﬁ%yﬁﬁ‘i%haregj? ref T gerant
[00391 Ofhd Bfird BOMEN se?&m}r@a?wsé)(ﬂf)zﬁ) confi@fred8 swifchtbetween a first

on-1nverter conpressor to flowthereinto. [0039]

posmEH ‘EthErBJsﬂloE}%BwYﬁﬁ tﬁ@k(ﬂﬁi HﬁesVﬁ' Mgure3Q)inivhiclp fHel gt port (P1) is
etween a first position (the position

comngﬂﬁéﬂgbd ﬂlt? g &)ebﬁdip&ﬂt (P dnd the eMrepdn (#3) ivbbmmunivated with the
I rst por S

fourth port (P4) and a second position (the position shown in the broken lines in Figure 1)

in which the first port (P1) is communicated with the fourth port (P4) and the second port
(P2) is communicated with the third port (P3). Thus, the inverter compressor (2A) is used
solely for the cooling system while the second non-inverter compressor (2C) is used solely
for the air-conditioning system. The first non-inverter compressor (2B) is used selectively
for the cooling system and the air-conditioning system by the switching of the third four-

way selector valve (3C) and constitutes a backup compressor for the i_nverter compressor
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20 comuni cated with the second port (P2) and the
third port (P3) is comunicated with the fourth port
(P4) and a second position1gthe position shown in the
broken lines in Figure 1) "©'n which the first port
(P1) is comunicated with the fourth port (P4) and the
second port (P2) is comunicated with the third port
(2A) £3he sadond nontinvariey eompresss P bssor (2A) is used '
solely for the cooling systemwhile the second ) ] ,
[0040f o rThenstarcture of theghind Sour-wacyeleatorwalve G1ds powlesgribeda detail
air-conditioning system The first non-inverter ) )
with referpnesstooFigues)2 el BsHgtestnt everlappgd pars withethabdescriged in the
system and the air-conditioning systemby the
abovestHrollming go Be Soknedbiyitheinvention”\axg oBdttetkt or val ve (30)
and constitutes a backup conpressor for the inve teE
[0041} o eeszerpedaterd in thd:aﬁﬂf)lowé & tirifovsaynselactr valve (3C) are a
conpressor (2C). [0040] The structure . of the third
cup-shapgtl- valye slamsnt d.lll&)awla pistes (105,406} é%tesqaﬂzé itfaghed through a

detai| wth reference to Fjgures 2 . .Not t

connegya plgpaQ7pterheh sitenOf ey g slsraost (AR, Theody i tas o valve
"Probl ens to Be Sol ved bg the I nvention' are.om’ttc]lngl:df t vort

seat (K04)0ptemallxreviged at adpoah B, COEERPORdIRE o dhe PRrDINgs;of fhe first po

four-way sel ector, valve, (30C). are cup-shaped val

(1), hecspernd parb §¥2)-and %F éltlsiném( ﬁ’@, t°18®6>}” %ﬁt"@ﬁ’lﬂaﬁ?‘?‘?g‘% (108) to seat
attached through a connecting plate (107) to both

therealy ges of the val ve el ement (108). The body (101) has a

o0 sl 9 e B R B R LS5 B v
109 ERSRRSRRI Sl 05 ol Ry} B lcasion
it et eyt L B e AL i i
sonk SRS eFRTEBSS 0 FobicHpgSORIFHYIR LBt o e
o550 R itk SRR D tond
. 1 ST AR 0 o 41 bt e poson
oS\ IE 2355 BBPY G Bl ALY o s it

third Q&fﬂetcf@Q tu&%{@%@ %:gil%k%#é&ggﬁ%?unﬁﬂrg‘ﬁﬁg (A1 i§icbRmunicated with

connectrn ed wth the third

the fo‘{‘ﬁllgfb)%ﬁhé&ﬁ ttHQ@(l(llg Fad 2REIndGoERoANEheCRRRRM! sho @it Fgure 3B)
2) 1s cgm“runl cated with
in which the first connecting tube (111) is communicated with the fourth connecting tube
(114) and the second connecting tube (112) is communicated with the third connecting
tube (113).
[0043] Specifically, upon energization of the pilot valve (109) (ON), it switches to the
first position so that the first working room (R2) is filled with high-pressure gas refrigerant
coming from the fourth port (P4) and the second working room (R3) is filled with low-

pressure gas refrigerant coming from the second port (P2). On the other hand, upon

termination of energization of the pilot valve (109) (OFF), it switches to the second




A
\ o

10

15

20

25

the fourth connecting tube (114) and a second position
(the position shown in Figure 3B) 20 in which the
first connecting tube (111)1" s communi cated with the
fourth connecting tube (115 and the second
connecting tube (112) is conmunicated with the third
connecting tube (113). [0043] Specifically, upon )
positiomsp ghatatheofirsb working ppemt (R2| wéili)eﬁogqth(lmmmselre gas refrigerant
switches to the first position so that the fir h e
comingofréanrthe seeomd (R (A28 and theoseoand rvorkigs rperadR) dés é gd with high-
refrigerant 25 comng fromthe fourth port (P4), and
pressurh gas refogetanicioriing frosuthe faurth pers (B4) Thes, wihep thebilot valve (109)
_ pressure gas refrigerant com',?fg fromthe ecoBld ‘gort
switchies2p theecond nostien, thermaessusoilfereapebaiteen pog the working rooms
energi zation of the_pilot valve (109) (OFF), |t -
(R2, B cawses the pistransd@5nlp6) 3o beoryshed o dhe gr:ﬂaf‘s pifaved; ingfigure 2,
working room (R2) is filled with_|ow pyessure gas .\
theschycpuTing s irc SORN-HaY SPISHOT eV 360 paRS TTSBPSIAR (ffpositon

second wor ki ng room

1) seminicpsd e %qq@n%pg@sés&’?icéﬁ F‘P%%ﬁs AL, s il vlve
(109) s0B1hER i b TP e PEASHESOTRIERSG PRI gahth e working
oo S B e o5 R TG 6 P
2, theiehygpusiag dde (hed Fpireva, arpLlof Mafve (R B el Rogiran (e
G55 P4 G ST P Y s
seconf 5% T ecrpuBle TR B RTbY B rh&D156)C o' be pushed to

0044] it pelop S EUREL BBy Biep, Vo T Elt bRk T ilhes 7
downfiidl b e BAF poPR™) o B MRS bl (B3) BEALEF diptlgds efigeranes
a5 4T A Mt o
(28) SENER, Be LU BoltIPY) ik Bt MR WA Selegtlr e (3 from being
suckel i B K et o T PRS0 I 2Bt d R Aiiessor (2C)

respmgfq,g)j_nverter conpressor (213) through the fourth port
(P4S into the third four-way sel ector valve (3C) from

[0045P€i S¥ddoor Unit>

The indoor unit (1B) includes an indoor heat exchanger (41) that is a utilization
side heat exchanger and an indoor expansion valve (42) that is an expansion mechanism.
The indoor heat exchanger (41) is connected at one end, a gas-side end, to the first
connecting gas pipe (17) and connected at the other end, a liquid-side end, via the indoor
expansion valve (42) to the connecting liquid pipe (11). The indoor heat exchanger (41) is,
for example, a cross-fin type fin-and-tube heat exchanger. Disposed close to the indoor

heat exchanger (41) is an indoor fan (43) that is a utilization side fan. The indoor
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sucked into the inverter conpressor (2A) and the
second non-inverter conpressor (2C), respectively. 20
[ 0045] <l ndoor Unit> The indoor unit (1B) includes an
i ndoor heat exchanger (41) 4ghat is a utilization side
heat exchanger and an |ndoor expansi on val ve (42) that
IS an expansi on nechanism . The indoor heat exchanger
expankibh)valve (d2)nis éotnesl cfta mmer-epctated egpansggrdealedd, to the
first connecting gas pipe (17) and connect ed at the
[0046)t heChilling, Umt+ i qui d-si de end, via the indoor 25
expansi on valve (42) to the connecting liquid pip
( 1The chiling mds §i Chizwiudes elvhiljeg héat Exchanger (45) ﬂ@tafh@ ugilization
a cross-fin type fin-and-tube heat exchanger. D sposed
side hehbeehanger land ianchilding eivpansicaxetivn (4) that 1y ansexmnmmmsﬁhamsm
fan (43) that is a utilization side fan. The indoor
The chilipagissab exchahger (#3005 coandctadras @no pnd, alkiquid-sislsend: via the chlllmg
expansi on valve. [0046] <Chilling Unit> The chilling
expangiontvalveQy6) aud acketenaid-walve (Ta} indhis ademiarg SFst (bmchtlwd pipe
is autilization side heat exchanger and_ a Chlé}d‘

(12) besqshed iftom thel cppneating ligwid pips (bH @dmp@ﬁd abte %’rﬁ“d a gas-
5 The chilling heat exchanger I s, connected at %
side eadhfo the secomd epnicetinggns pirg A5)- e@ﬁleﬂPldn‘@l%%Ssﬂ@ﬁd {0 Shut off
val ve (46) and a solepoid valve (7a) in this order to

the refrigerant flop; diming wmfeﬁ;ﬁﬁiqy@llr’(l@z) branched from t he

connecting_ |iquid pipe ( }‘ and connected at, the oth

[0047¢ndn the ghidlingshes cxshanger4Bhdhe Eﬁfﬁﬁﬁa'&‘o%‘ﬁ%’ia?‘ﬂ@ Pegsgure is lower
than they S FrigATARYSREATR PR BIFSBTE e uMAoG ISP DATBh 1 e o epul, the
b b R L O e i .o
examlie HAG At ) Db B%gct” L*rnser'a?fe%?&@'a%ha-ﬁ’&mvem‘we in the
mdoo{ﬁgé)ora |on fﬁﬁpera u{agg’lhgﬁ“’tégp s %]d n]régmgeat ex FJ%”I%?rﬁgerant
i e AT G I TR g

o045 " sTBBBh g 61 ) 850l S P nt i
tempe\cllréﬁl{;?geggt% tbuﬂ*p?sr rt%tﬁnlintg& i kl?oéé] sid6e Y Uit J angﬂﬁiaﬁﬁer (45).

er nos expansi on va
Thus, the opening of the chilling expansion valve (46) is controlled based on the

refrigerant temperature at the exit side of the chilling heat exchanger (45). The chilling
heat exchanger (45) is, for example, a cross-fin type fin-and-tube heat exchanger. Disposed
close to the chilling heat exchanger (45) is a chilling fan (47) that is a utilizations side fan.
[0049] <Freezing Unit>

The freezing unit (1D) includes a freezing heat exchanger (51) that is a utilization
side heat exchanger, a freezing expansion valve (52) that is an expansion mechanism, and a
booster compressor (33) that is a freezing compressor. The freezing heat exchanger (51) is
connected at one end, a liquid-side end, via the freezing expansion valve (52) and a

solenoid valve (7b) in this order to a second branch liquid pipe (13) branched from the first
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tenperature-sensing bulb is nounted to the gas side of

the chilling heat exchanger (45). Thus, the opening

of the chilling expansion valve (46) is controlled

based on the refrigerant t erature at the exit side

of the chilling heat exchanger (45). The chilling 20

heat exchanger (45) is, for exanple, a cross-fin type
branch i litdd el (E2)hamt iscxaieoigdrat the soereend, cd geesido ande through a

chilling heat exchanger (45) is a chilling fanké472l'h
connecting gas pipeU(5H4) tar thiei suntiors side of dle bo¢sdg4@impresser £33)g The booster

Unit> The freezing unit (1D) includes a freezing heat
compeessoraAdieis cOfriectadratthe discharge sidertata ancls gasepipe6h6) branched from

exchanger, a freezing expansion valve (52) that is an i
the seznpdrenmecting gasmiper(18nThe brashigss ipe (Monsrprevided (g an oil

that is a freezing conpressor. The freezi ng heat
separsac (55) gad a(cheok valve Ghrivordat astay dram ghriboastdricquipgesseid$3). The

end, via the freezing expansion valve (52) and a
checkswalen(@) dllows oly@nsftigenant fiow fsemdhe bepster semprressen (AL tpward the

l'iquid pipe (13) branched fromthe first 17 branch
secontli cprindctpigngag pipe £HD). iConnevted betkeeat theneil oteparatarn(PsS) ;and the

gas-side end, through a connecting gas pipe (54) to
connecting garcpipe (F43iisian ol retwa MpHETR WitbaRspHlashube£39). " The

booster conpressor %53) is connected at the di schar%?,
[0050}i (Ehe boastescampresgers(53). pegsthes ) with s 9ompressers (28 B, 2C) in the

second connecting gas pipe §“1’5). The branch gas pipe .
outdopn it (LA ), comperssesiEfTigerant i Fwas stagesasothat the gefyiggrqgt gvaporation

check valve (7) in order away fromthe booster . o1y
tempegaps insthrirgesiig hept @xclaag%lk(ifwbe%ow% foxer dfian By {n the chilling

refrigerant flow fromthe booster conpressor 3) .
heat pughanden, (). Btk T ETAL GUARIals (SPBBaRe) I &b firering heat

between the o]l sep raltg'g (55) and the connecting gas
exchapger{SLEig et at, 195 e¥amPleedarGy pipe (57) with a capillary

Bl Sl e o
tempg%taﬁégengiggt 13 mou tg{i?? g%fgf}sﬂ g Q/é{)gfe;‘qa?egﬁ{gnhea%xchanger (51).
rhe §EIRL B o 95 Pl AL, i anc e b
cxafiSh R8T 3Pk T 800 B AR BLEPI T g o0 s

..set at, for exanple, -35C. [0051] The freezing
a utiliggions slds a0 2 Ve (52) is a thernostatic expansion val ve

o0kl 4 PRPRREOESARIE MBI () RNl hbien e

connecting gas pipe (54) and part of the branch gas pipe (16) downstream of the check
valve (7). The bypass pipe (59) is configured to allow refrigerant to bypass the booster
compressor (53) and flow toward the branch gas pipe (16) during halt of the booster
compressor (53) due to malfunction or the like.
[0053] <Control System>

The refrigerant circuit (1E) is provided with various sensors and various switches.
The high-pressure gas pipe (8) in the outdoor unit (1A) is provided with a high-pressure

sensor (61) that is a high-pressure sensing device for detecting the high pressure of
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The freezing heat exchanger (51) is, for exanple, a
cross-fin type fin-and-tube heat exchanger. D sposed
close to the freezing heat .exchanger (51) is a
freezing fan (58) that is g utilizations side fan.
[0052] Further, a bypass pipe (59) Wi th a check vaI ve

detecting-the glischarge éelamrewré e% &f&%}%ﬁ/ db%%& &’EHFL(%EB‘&‘B? second
B
ot e o i it (i
iofaEe il i i oy s IR Ui
first %cg?fw%erd EQ‘PE@:’FO& G, b he, Prend, .HQH ‘B%&?E SRRgEsseR (2C) is
rodhE e el LIRS ORHE 0 i v

t he di schar tenperature of refrigerant. The
reachegiagr pdgteranp ‘§ ¥AlP%c) for the second non-inverter

s en b5 b R Rt g g v
mvmweééﬁﬁrpésié (0 5% bRpideA e RSy TSR ¢hres), i
that o} s#er Spsipg e e A PUCkE R ARER fé‘%@% At ateo
pmwd&ﬁ ver Sé tt%rﬁ rgfis?éc‘ %%ns??scgghzﬁs\;ﬁ %i‘%ﬁﬁ’gwggﬁﬂp}ﬁgstgw erature
sensm%ig(rgcﬁ% it le¥Rting BRAGIAGH R ARG RABENE Fifthel 808 Hature of

on pipes (ba or the rnverter conpressor

the prgsreén u?d%g}léﬁéghg %ﬁ%ﬂ:]ql éﬁ:ﬂg 68 60 WE ?}ﬁrnoﬁQHpér?é%fnpﬂ‘gs@r (2B) is

pressure sensors (65

also ;é'g?l t\!n\ﬁ?l lowltppu%guér ?en [ §afs 603 S&s:ﬂﬁé’ 's@ﬁsﬁn Q@evice for

essure o uction refrigerant and al so

detectﬂ{gg}i g Bf‘s@ﬁ%ﬁ'r&ﬁg%ﬁﬂperature sensors (67, 68),

that are tenperature sensing devices

[OUSSLO rﬂ%e&ﬁﬁdr 'ﬂgattéi@ha?dé‘é} (? s }%I%UHI%& il £h Qltdéctihehtochdiige sensor

feature he present invention, the

(69) tEHGE 4 QBm] Eélﬁi(%i% ?Q?s;rfgo&evti&efof et tirel Vdpératibn temperature or the

conpr ess
condensation temperature of refrigerant. In addition, the outdoor unit (1A) is provided with

an outdoor air temperature sensor (70) that is a temperature sensing device for detecting
the outdoor air temperature.

[0056] The indoor heat exchanger (41) is provided with an indoor heat exchange sensor
(71) that is a temperature sensing device for detecting the condensation temperature or the
evaporation temperature of refrigerant and also provided at its gas side with a gas
temperature sensor (72) that is a temperature sensing device for detecting the gas
refrigerant temperature. In addition, the indoor unit (1B) is provided with a room

temperature sensor (73) that is a temperature sensing device for detecting the room air
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15 also provided with a | ow pressure sensor (76) that
is a pressure sensing device for detecting the
pressure of suction refrigqgant. [ 0055] The out door
heat exchanger (4) is provi'ded with an outdoor heat
exchange sensor (69) that is a tenperature sensing
device for detecting the evaporation tenperature or
temperdture. condensati on tenperature of refrigerant. In

[0057b( Brseabiling veis (M) P d e o HbpEtsmpersiare senbor (14 that i a
tempesatnie RPBE devics 10T GUTE e ITRRSHIE B0 GRRRger bl case
Is provided with an ipndqor heat . exchange sensor 1 .

e bk Ul sl AR AR e -
tempeg@mgigg éiegicer ar ﬁ;t@@{ngn e tepyperpluge g‘? ih;i %%38335?1SP][3§ c.ase. The
oty FEipbasdlbnde i et o AlE 47

10058] o e FeFigaratiragiPa GDeqbs 7 crREOnt (405, 56 fheblEr 0
cont i e eSS S LS A e fion v
(42), 568 poht Epetb FIRGriH T SRR i iy G ¥ Basite of he
e 408, bR BT P ol g ot e i four
ey YRR O B4 P A i BRI
[0059‘;r o %?o‘li]rtrg)}lgl\-r/\{gﬁ)f ihciu%; ?tsl?&fo Sl dhi&Rioh E@a%gﬁi‘ﬁ%%mmand

gerant reachies a predeterm ne val ue.

v 55 T, SRS A5G0 ) o v i

(84) openi ngs of the outdoor expansion valve (26) and the
“indoor expansion valve 10 (42), selects ports of each

[00601()”&3‘@&&0%' Bfeslire VidiBioh SRctidB (8B ledids a@Sam ifinat alrdetected
f ep t

rese Invention, constitutes a determ ning

pressv%lacggpg ?6‘3%%52{“? RhaF (MELERQhe & fdi-iderté@ Wompiesgor (2B) upon

se C) has mal functioned and controlling

switcl?@g;ofﬁﬁé ﬂ‘ﬁfaiéﬁﬁrWePécE&' valve (OO otHee woads, the hetion pressure

includes a suction pressure detection section
detectif bect®n(8IRWnfigured to detect the suction pressure of the first non-inverter

compressor (2B) after the issue of a switching command to the third four-way selector
valve (3C).

[0061] The command holding section (82) is configured so that when the detected
pressure of the suction pressure detection section (81) continues to be lower than a
predetermined value for a predetermined time T1 (for example, ten seconds), it determines
that the third four-way selector valve (3C) has malfunctioned and holds the switching
command to the third four-way selector valve (3C). In other words, for example, in the

case of a switching command to switch the third four-way selector valve (3C) from the
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hol di ng section (82), a conpressor standby section
(83) and a conpressor startup section 15 (84). [0060]
The suction pressure detection section (81) receives
as an input a detected pregsure of the |ow pressure
sensor (76) for the first non-inverter conpressor (2B)
upon switching of the third four-way selector valve

first poSifion tonthetsecondapesition, tthe commandrhqidiag seetion @)chalfs the pilot
section (81) is configured to detect the suction

valve (HI93 énthe first pdsisionithattis awendreized pesitiono(QN pesitiobr ( 2B)
after the issue of a switching conmand to the third

[0062} ouFheneampressot standby, secjion((88) 1s ¢aduredrinethes heacthe command
hol di ng section (82) is configured so that whep the

holdinge seasicad (83 beldar theoswitehing (eammandsr Bsatgpe thet Bist  npp-inverter
section (81) continues to be |ower than a

compigass cf28) auizathgefirsh mog-ipyestast CpRTAET 2B into staggby for a
exanpl e, ten seconds),_ it determ nes 25 %hat the third

predetegmined gijnesbl der @famm@ Mwemiaptes hthatis arstandby §msd and
hol ds the sw tching cormandtothethlrdfo ty
[0063F ot coMmRpesSoBstaT Secfign Ubies confiard e, RSt nop-inverter
the case of asvvltggg_l nd_té) the third
compresior (WY puldinta:stapdhy oy the pre etpmﬁ; Hglez f, upon startup of
the £ ppdRHrisB)coRgraIsST HB)pil B Svgﬂtw@%fe%%g”%mq th?%'@cwr?efesswe
s 0 500 5 L3685 068 M b L o
predegppeR e Tces b e - SRR Bl p@f B8 s on
eSS ) SRR Ly P S S o
oo pRERLSLERG 1 G A ﬂ%ﬂm&gx&w@ Wﬁ* e e

numb?{o thﬁ%}%ﬁ'ﬁ%‘? thecdgg%?eéls%ur B ‘%)Othg e§s¥l§ n%g' n B, seftion (81)
contlnia{zs}e %ebeef Hel H‘ reEgtem[l:l%& UQIEJ% 5@‘%9 Pfetd?%’hﬂgle? é 'f'? after the

St hon-Tnve conmpressor

compr?gs%? %{éégf;tllp %fecﬁJ}ng%b‘ g&g ﬁ%&g{aﬁ?tﬁ lﬁh QP% Brd ?%)g Ghier %Slﬁl‘bl’é&%r (2B)

I nues eterm ne

(heren\{:ﬁ*elﬂeréfgﬁe& 2‘? as PLRARLABL Bf ?g%ﬂ)a I Tﬂné%gﬁfeﬂ}e {RRpressure sensor

npY essor andby sect1on ops t i rst” non-

(76)”) Vgﬁdﬁﬁ? e &9 ﬁH{eetﬁé %ﬁgﬁv@f %tghggﬁep HE fhel low-preSsure sensor (76)

a perio nded trom
increases after the first startup of the first non-inverter compressor (2B) by the compressor

startup section (84), the predetermined time T2 is extended in increments of one minute.
[0064] Note that the predetermined time T1 (ten seconds), the predetermined time T2
(five minutes) and the extended time (one minute) are not limited to these values and can
be appropriately selected. Further, the predetermined time T1 may not be given. In this
case, immediately after the detected pressure of the suction pressure detection section (81)
becomes below the predetermined value, the command holding section (82) holds the
switching command.

[0065] - Operational Behavior -
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the predetermned tinme 72 (i.e., for five mnutes + n
mnutes). Note that "n" indicates the nunber of tines
when t he detected pressureéﬁf the suction pressure
detection section (81) 15 nti nues to be | ower than
the predeterm ned value for the predetermned tine T1
after the conpressor startup section (84) has first_ .
st a¥exéoa description wild bergiven ofitbe toperationglrhsbaver o the refrigeration
(hereinafter, referred to as "the nunmber of_operating
systert i( e dn dhis tembodiznents @ Seonling smdssfrigetatmn gperations g eqrried out for
each time the nunber of operating tinmes of the ) )
concurrently perfouming shgom cqeing ofibe e@&@s ugiti(tB) apd the; nefrigeration of
startup of the first non-inverter conpressor (2B) by |
the chilliog somiEhenst the dreszing vnis (8B) Thiscqading and pefrigeration operation is
. predetermned tine T2 is extended in increnmentsg of onge
designednte de switdhable ketween ratfirst epgratiortiar whishgthej Hst mon-inverter
(ten seconds), the predetermned tine T2 (five .
comprepsont(@B) isawred forthexaoeline gy ftemeand ghiecand apayption & which the first
limted to these values and can , be appropriately
non-inyerter eeapresser {3byis upgsfop thepit-eanditandng 0% 1 nay  not
be given. In this case, imediately after the
[0066} ot tirst @PpratieBTir e of the suction pressure detection
section_(81) 25 becaones bel.ow the predeterm ned gﬁ%ﬁgmeﬁnu

t hdn gsnfisshepasaiian A% shavm indrgus A, theonyertar campLesser
.command. [ 006 - rati onal Behavior 21 L a, .,
non-inygEex Ffmlpr[sw 43) 6580 'Ef-‘ Seqondmopiavesiss F%Pi?ﬁ%ﬂf'}géﬁa{ﬁ dsiven and
of the refri ?%éati on s%l/stem (1). In this enbodi nent, a
the booglgheqmpresson (FR1s M§RARYS™n operation” is carried out

[0067] Er | C xﬁﬁk‘c{u'}%y'ﬂatg') 1RV P! E;grs%%zﬁfogfﬂdra&%g?&u}r%%ve (3B)

il [ C f ' ' 1D)... Thi .

s oE i _rpaﬂ%?g AR G @ssﬁ%?ﬁg?mw

valvesf&ixs%)aig _?ﬁl"\ne}gmegte%te@ (giliet flrg af a&ﬂlpaﬂgr}:r 1& ?41 en, while

L e
€ _q9§FXgar?5 _-nivr?_g]vec?@ )rlscsgrrpreessoor .(%elcs UEed T _orl he

the liftd 3 GQ&%@t;ggg (2 i Xéﬁ§dnm[o%oﬁg%)gég+%ﬁ %IQQEI Rok@ifertuthed flow

s on, as shown
R e e
non_i,é%g%r %{n&;g%by%)gnd t he booster conpressor (53) is
[0068] Under the above conditions, flows of refrigerant discharged from the inverter
compressor (2A), the first non-inverter compressor (2B) and the second non-inverter
compressor (2C) are combined together in the high-pressure gas pipe (8), flow through the
first four-way selector valve (3A) and then the outdoor gas pipe (9) and condenses in the
outdoor heat exchanger (4). The liquid refrigerant obtained by the condensation flows
through the outdoor liquid pipe (10) and then the receiver (14) into the connecting liquid
pipe (11).

[0069] Part of the liquid refrigerant in the connecting liquid pipe (11) flows into the first

branch liquid pipe (12) and the rest flows into the indoor unit (1B). In the indoor unit (1B),
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[0067] The first four-way sel ector valve (3A), the
second four-way selector valve (3B) and the third
four-way sel ector val ve (3?? are set to respective
first positions. The solen6fd valves (7a, 7b) in the
chilling un|t (1C) and the freezing unit (1D are

sel ected o whil e 15 the outdoqr ex azi on val ve

the liquidycfrigere} passesdhrqugh She infaer @Fl@éﬂ%ﬂ  Qjaporates in the
indoo gieet GOEBARESh (41 tofoR e 1Sy phiey 2B (S TBREIDE ted by the
tirsiacehirion b 2t it SN
passet, Ghanes Sﬁé?raﬁ&%@? SPlerir g OA BerBF GEETHr 8%?1%3’ selector
e RS 20Tk e T S v

conpr or (2C) are conbined together in the
compFﬁs?‘%p' g&issure gas pipe (8), flow through the f| rst

T R
e i NNl At o
freezif i D 8 s Ro B pnf5 et filide e {169, F BRAGHAR wnie 10,
oo R pa;-ssest@ oI G (4P S b aprcs
in the 58ffing, el el D) W bdol S hpeid ol B LAUHRMmY ey case
e SAEE) B, BSORRLA t o . con
connecﬁﬂé g%eéﬁgg Qﬁ'g fﬁf hive {JII?)V %%ﬁc% %??%éﬂiﬁ)aﬁ% t8lgh the

nec I ng ga t door

frecszgle&g&gs% vaéﬁéé‘&&ﬁ $indl %&U%Bpa‘?es inrtht fleesth %‘H@¥t é&h&fée? (51) to

e Ssecond ur may selector 5 va

cool tﬁeo’tﬁlsudef SEANE #ﬁe ? e%l PrigerahP6Btaed bSthé‘evaporatlon

urns tO on |nverter conpressor

is corﬁﬂ'?gs% by’ stk Q@ﬁlpﬁ%&q éS@ﬁ?ﬁss@i tHr&\hl thél ¥iahch gas plpe (16) and

rigefa avi ng o the first branc

' ' | SELNG Rér
is the*l |°gi&lﬂ|b eg. glgth% %géongncgﬁ?%cgﬁgl‘ﬁétg gq{eﬁgS}S ree2|c %unl tg er(arlnD():ommg

from ﬂfédcﬁlhfhgr it (lfd)o%e' gk GefriiRranb icbmbiid URithe ddond dofnédiig gas
[1ng unit 10 the liquid refrigerant passes

pipe (tlbj %g}a ihidahé Buidbbﬁ GnieXPANSTHRA, pat HRrdof Getupcthidugh the suction
evaporates

pipe (6a) to the inverter compressor (2A) while the rest flows through the branch pipe (6d)

branched from the suction pipe (6a) and the third four-way selector valve (3C) and then
returns through the suction pipe (6b) to the first non-inverter compressor (2B).
[0071] <Second Operation>

The second operation is an operation when the indoor unit (1B) lacks the cooling
capacity during the first operation and an operation in which the first non-inverter
compressor (2B) is switched to the air-conditioning system. The setting of the components

during the second operation is, as shown in Figure 5, basically the same as but different
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in the chilling heat exchanger (45) to cool the inside
of the col d-storage display case. Thereafter, the gas
refrigerant obtained by the evaporation flows through
the second connecting gasoa pe (15). In the freezing
unit (1D), the liquid refrigerant passes through the
freezing expansion valve (52) and then evaporates in,
from tming thedirsteperasion in t rd (fgur-wey selsctenwaive (C) ig spitghed to
of the freezer display case. The gas refrigerant
the seobndiposaiibrby t he evaporation- i s conpressed by the
boost er conpressor &23), passes_t hrough the branch g?f
[0072pi pEherafore, alep during the seeandoppeaetion, dike ke §isgt sipgration, feirigerant
connecting gas pipe (15), with the gas, refrigerant
discharged figm thednvertes cOmPressoTd2dy) the firety nonriguerter compressor (2B) and

refrigerant conbined in the second connectin a

the segpRENEN-BIVEFtELGRMPIAESIT (3 eandams 1ny H}etmﬁ%f .heg't%ﬁﬁﬂtgér {4) and
t hereof returns through the suction, 2 i pe, (6a

evapogales ith s indoor aﬁﬁrf'é@g@rge{ égé)s ke el %g?ﬁﬁg‘cﬁ(“&ﬁg (48 and the
t hrough the branch pipe (6d) branched fromthe

freezing begtsxchanger (%) and the third four-way sel ector

10073 g o, 1 5% PSRN PHBERRCPY (B faBeBoR ot 0 Bybif hea

exchager, 451 BF cHeoPHE heAUBBPABHF (S DL e dreday Be sugionaie (6
o e B Sl R O e S bSR3 B o n e
ndoo 8t 35 e BRSO RS e
compisSHar o2l 358 thy aish T Rgovate t piaheh S T8 HincHdht rom the
suctiopyjipd, (46 150 S IR BE s8R oFBFE) i SR fefiRR bt the

]@P’In this manner, two

. d | | ke |
suctiofigp ?plgg { (ne{toat id nféﬁg:r’gc’g‘a’ hpgm;rl ¢ ﬁn’hp fé??cfrati conpr essor

I'S rom e l1nverte

comp{eﬁégc‘)rs f@g élflé it H&ﬂfntivgﬁf&r E%Pﬁgwr@?;%nd( ) sRBAld ron-inverter

Seco non-i nverter conptessor condenses 1 n
4 0 il 4B IR LB Shi TackhéE cooli
compliRCOR BERloEHENARGfibing S BHABTHTLE Il Mk coling
capac gchanger (45) and the freezing heat exchanger (51).
F'O?S] Then, the gas refrigerant obtained by the
v i Chftrd1Ront Birkd tb S cRPOperdtieianger (45) and
[0074fh2«5§1?i§£e1121%, ch o B cORPOpe

_ I'mg heat exchanger (51) returns through the
SUQY:@M MsBiptidifik given of the control on switching from the first operation to

the second operation by switching the fhird. four-way selector valve (3C) from the first
position to the second position with reference to Figure 6. The third four-way selector
valve (3C) is here referred to simply as a “four-way selector valve”.

[0075] First, when in step ST1 a switching command to the four-way selector valve is
issued by the controller (80), the control proceeds to step ST2. Specifically, in step ST1,
the pilot valve (109) for the four-way selector valve is energized (ON) to switch the pilot
valve (109) from the second position to the first position.

[0076] In step ST2, it is determined by the command holding section (82) whether or not
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10 to the inverter conpressor (2A). On the other hand,
part of the refrigerant evaporated in the indoor heat
exchanger (41) returns through the suction pipe (6c¢)
to the second non-inverter gpgconpressor (2C), and the
rest flows through the branch pipe (6e) branched from
the suction pipe (6¢c) and the third four-way sel ect

the dejegtedepreswgye af the WeHoR prassurs detecoy Reqtion (8 l?t’cswe%%gé lower
(6b) to the first non-inverter conpressor SE].‘ZB%l In be |
than thepredetgrmiaed valie farder seronds dibihs defected presgrerdopupues to be lower
non-inverter conpressor, (2B) gn'g t rthe%zecond al b
than herpredetevmined vabippribds determinpd tapt thes donrrsy splgetor valves bas
malﬁlgét{fis'ggf g“lst @88#25%5 Saéé&q? LE#& Qgéf;%{yrgpttcgﬁeegksger gc];:o C(g8n|:>§1ﬁgn, and
te ccRgrL Pechls G PRTIDH e BEh? b 88 e 5Bl st Jower
than Igg S@S@%M&g‘% Ié;) 1@&%&@1{%tgc$$t:}g? tfglg'é\tgzgjlf [rs%ﬁct{ngg{lﬁ%la Nas been
d iti i,.th ref t [ 6. The third
normly e e s psifign e Sonlale ) ¢ or v ed 1o
oorria Tt SR Bt S e et OBl Sy svton
e 3 EP o BMEB A el SR bt Ly e
..oT1, 25 .th ilot . . (109) f t .
posiia s ceisoiny 3 s ot FisbiP Bty fosd KRECHAY JYsepng working
109), f th . k1 ' .
oom 0 S04 P B PRSP 67 P b o
ﬂowixfgg r':gu docfh‘g‘lfr‘ gv'ggvger é;lglgl%lll oﬂgﬁgﬁg- ?M&h?ee "TiREeBR viitn th% ﬁ)ilot valve

ctiron pressure detectl

(109) ?seg\wt (t§ Jt?)e ‘ﬁ?ﬂtﬂogf@gi? ﬁ%lén ﬁ)?egsﬁf@e:ﬁ:ts. BlF?{Et ﬁﬁ? Workin% rgom (R2)

predeterm ned valtue seconds e detecle

and 10\% ﬁﬁ%bﬁrlg ta%&néﬂ ﬁ#:es%c&?d %{lhgg‘@ttg%% t(PgE, do@aPiRAREQLA Sgfdrence

I's determ ned r-way selector

betwel byBSthEas rfd)}f@jsl\fl(\)ﬁﬂﬁlgth(g%? $3) chus thd IO%R/C lelentta® (10%) tﬁeﬂse pressed
I

een norma to’the second position, and
A . S tintd) HobRvex figd 1ifidA defrigerant
towanlﬁ?ﬁet E%BBE%%' e C%?@i %%eﬁlgﬂﬁot | ower t‘hran theﬂi@i 8

obtai H%Srefh@ raBh RGN H6es hét infméElBACHMHRbut HRithd Righ pressure room

our-way sel ector valves has beén normally swtched

o). P 45 gL DA 506 S (1o on
way tS\RAr8GhE deddnd SPotkigoo @3 UG thiXcase, since the flow passage from the
first port (P1) into the valve element (108) is narrowed, the amount of refrigerant flowing
into the first non-inverter compressor (2B) is decreased, which drops the suction pressure.

[0078] In step ST3, the command holding section (82) holds the switching command to
the four-way selector valve as it is, so that the pilot valve (108) is held in the first position.
In other words, the valve element (108) of the four-way selector valve continues to be
pushed toward the second working room (R3). At this point of time, it is recognized that

the number of operating times of the low-pressure sensor (76) is n=0. When in step ST3

the switching command is held, the control proceeds to step ST4, wherein the compressor
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pressure detection section (81) drops. Were the
four-way selector valve is in the first 10 position,
gas refrigerant resides in_ he high pressure room (R1)
and the second working roofff(R3). Thus, part of the
gas refrigerant is cooled by | owtenperature gas
refrigerant flow ng inside of the valyve el ement (108
standbyosestion €88 sstopsithe &irsmen-inyaster cpappser (2B apd pusip diyto;jstandby.
_ switched to the first position, high pressure acts on |,
This prewsnts breakage ok thedirsionsmrinrerfer campressqy (3B due fo.cxfrome %HP in the
_the second workin roon1(R%%, so that the pressure ]
suctiogiprgssytsnEarthes, ub@uab@ﬁ staprof the Srshgprilmpries sprapressor (RB) slightly
. causes the val ve el enent (10%? to be pressed éomard
increas¢scthe dewrnressuracrgtigerabihe (ragnd working,ragm (f*S?ré? thereby reduces

however., the liquid refrjgerant obtaiped t he

the presyvae itferense hedeen doth ﬁ%%dffoaﬁ@gymmémﬁ%t Bé}» $vea the grduced
pressure room (Rl), Therefo for ex | e, .as sho

pressyrg, dptfeyencs qa,uswg\ev\snl‘(ﬁee ms%é@sz 1® S&lﬁ?ﬁ?ﬁ% ??‘ﬁaég tﬁgﬁec‘m‘i
.toward e second working room (113). In this case,

working pramn (R3)- 1 | ow passage fromthe 20 first port (P1)

o0}y 18 B e R 55 B BB comc
oGRS OBt SRR e b e 2
v BRI (T B S SETRE  b son
erd2 LA 7, Db AR 30 . 8 o
enGEL G St HAEBRR BPIER 3 SRR N T4 b e
cone RSP S PR oA B 5oy aon
o AT i A e T St o, o o
o o kol Ay, in Bl b Gt GO AREORS APhted o
o ko SR BBl ABAGS2Rr{B oy b o 0 o0

[0080? hgyf étéggs?ﬂgﬂ}emfﬁétt §6n-FRAREE $HRIprdse®) (BB) §Ytdtatted up by the

ncr eas OW pressure acting on t he 'second

complg?s;o? gsfﬂé%u?o%iéﬂﬂ)?m {Haeq s, I6HUReSuR: hhg ﬁgﬁﬁ%% second

e between both the working roons (

workig%’ fobrh (R3Y SEHHE Four-WhE S16UtSr FHIYd & &ﬁ@&egﬁé@ﬁ& differevad Between

enent ("108) to be 'still pushed toward the second
both e WdRhg! RBMs(), R3) is increased. As a result, the valve element (108) is

pushed further toward the second working room (R3). Therefore, in step ST6, the valve
element (108) can surely be switched to the second position.

[0081] When in step ST6 the first non-inverter compressor (2B) starts up, the control
proceeds to step ST7, wherein it is determined by the command holing section (82)
whether or not the detected pressure of the suction pressure detection section (81)
continues to be lower than the predetermined value for ten seconds. If the detected pressure

continues to be lower than it, it is determined that the four-way selector valve has not yet
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[0079] When in step ST4 the first non-inverter
conpressor (2B) stops, the control proceeds to step
ST5, wherein it is determ ned whether or not the
predetermned tine T2 10 @fgive minutes = five mnutes
+ zero mnutes) has passed since the stop of the first
non inverter conpressor (2B). If the predeterm ned
been switghetitotthe serond esition andihe poptaal meffpc fFﬂ/@tleP &T8. On the other

ressor (2B) stands by as_it is.
hand, pfgtE@tdstemeﬁlemessuﬁ% isppoh Jowesthaw dt, it Hse de@anw& that the four-way

selectpyalt his basmverBRERBRICHEA R e ssPorRoN QA S CoRtl papeeeds t
step Q'Eg'o;llioﬁg@a%&alt lé"}/f-'t E‘;ﬁll e mﬁs&gscfrx% %?ﬁ@%%ﬂ%&\w selector
eSSl O abad o b S s o
e oS T ke 2 T b Sy s e
e SR T
v L SRS Sy 2, 1oL {he pressure

S Incre

10082}, JResieR Q3kth b ik PR TSR eamrm?fkﬁ@”ﬁg%ﬂﬁ%%%é Pt into
s LB s ot B AT o
o, B R e O S SRR PR3l
is recé@ ea?sﬁtéelr g}} nﬁgtﬂ%éﬂg %'11- gg vti?eltﬁé?%r%‘af ﬁ'{e?p}eéqux%qig%d time

pressure o

R ey By i e
mvertgle Ecgrﬁ %ﬁgsagr@gﬁ i Lie%hecﬁgaét%e& ﬁnﬁeeTb%rn&t ’thé tﬁrst non-

ermn our-way sel ect or \ V as not

mverté’te&{xggrle c ee%ﬂaﬁw ?§ ft 1%% ﬁ@&&ﬂﬁl & 'ti%bhg% 31&5 lﬂ)?ssed the

controggz‘?er ehe ?J Qféﬁ@ ayeﬁ sch%ec[‘ %ox}eo‘lﬁ‘rotﬁe?%rﬂﬁ ’sdlée insstep ST5 the

m ned t hat our-way selector vale been

d
numb%}g%f:rﬁ +r¥tn§%‘"t1hfe§§% ltc})l@ lé?«ipﬁ'@%%‘:%ﬁxﬁ@i g’éﬂg q% _1|_13'1 tﬁlE‘ Sneans that the

standﬁsy%ﬁe g uee‘ fitsh ﬁoﬁ hertet wnﬁem (2B} B dxbRdbdPbhe ﬁﬁl‘{ute Therefore,

'ector 5 valve 1s cancelled by the conmand hol di ng

if the §@rﬁ¥d1 Qbtufr Bgaird BEPSPSth® hudB&r o¥ dpethtink TREesUf thé Rev-pressure
| ow pressure sensor (76) is reset to n=0 and the

sensorC P78)" Bl reRBgsizedSiad Ce=2. Mnt {hi$ caRNels dadRrmined whether or not the

...i—

predetermined time T2 (seven minutes = five minutes + two minutes) has passed since the
stop of the first non-inverter compressor (2B).

[0083] If the procedure from step ST5 to step ST8 is repeated in the above manner, the
standby time of the first non-inverter compressor (2B) is extended. Therefore, the four-way
selector valve can be normally switched to the second position with higher reliability.
Though in the present embodiment a description is given of the switching control from the

first operation to the second operation, the control of the present invention is likewise
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hol di ng of the switching command is cancelled, the
swtching of the four-way selector valve for the next
time can be carried out as usual. [0082] In step ST8,
the first non-inverter conpyessor (213) is stopped and
put into 10 standby by the conpressor standby section
.(83) and the control returns to step SJS.. At the
applicableelsotp heewritrhing fromshe sacppd opgraian torthe figst operation.
| ow pressure sensor (76) is counted up so that it 1is
[0084} o cotffacisenf Faspodimentrn step STS, it is determ ned

S ool A ST AL 02

of the first- pon- inverter conpre r. (2B). 1f the
systerp ( Darvesh Hedirst JP@-WZEH%FSCWQ%Q% 18 b i3 ek romressor
for GO R 30 e A B ol 1) by e
s S 5% P B RO S S TR vy s
e SR B35 kB b s oo
s SRR Sk R B0 ORLSHD o v
00 P ohe o i S OB G A B) can o
oonlBEh Sl e B SN R Pk o g o

the st.o the first non-inverter conpressor (2B).
waysrleggg}laly?(ﬁ])e procedure fromstep ST5 to step ST8 is

[08s] °ASHEETatY) Al AP SiIARERLee c%#}ﬁi)fﬁ%tgﬁg)i}%{g%ﬂapg‘ggﬁfprésg& @2B)

onmpressor
. Th f - .
contig EbB et i G ¥R RIS I ol it ime T1 ten

| abidi Ly, . _ _
secon%sisigf}? 'Fc)l%:fle}ﬁ‘une-dr hﬂzﬂgﬂe' FJ m%ﬁ%ﬁﬁ%ﬂ {h2 malfunctioned

on1s given o rol fromthe

Theref’c%ré,s %15 %Bﬁ?ﬁltehofb iR ERE WRGENEe ORGHA UL Way! SectWVAIRL (3C) is
of 't he pr

sent invention 1s [iTkewse 27 “applicable

detenﬁk@g tt& ﬂawﬁla&%&fbmfg gng‘nﬁi]’eaf_ﬁleg‘ SRSCHE WcOREPREWRE bbnhdioelow

oper at1 on. fects of Enbodi nent As

the pfééﬁ%feﬁrhﬁﬁg $8ué athe bP&rafthe SORUiRADESH BRNburkly Hcopsized without

e refrigeration system (1) in which the first

depengfgl%)d;pg}i%bﬁ‘dpei; BPRLESS Abndl< B theJowREksae endtrGRENthat is a sensor

ssor 5 for the rnverter conpressor (2A) or the
for th& QB0 pRQBurkNverter conpressor (2C) by the

[0086] Since as a measure against the above malfunction the switching command to the
third four-way selector valve (3C) is held, i.e., the third four-way selector valve (3C) is
held in a pressure condition for switching it, the third four-way selector valve (3C) can be
gradually switched while keeping the pressure.

[0087] Further, since the switching command is held and the. first non-inverter
compressor (2B) is stopped and put into standby for the predetermined time T2, this
prevents breakage due to extreme drop in the suction pressure. Therefore, the third four-

way selector valve (3C) can be switched during the predetermined time T2 while the first
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switching of the third four-way selector valve (30
and whether the third four-way selector Vvalve (30
has mal functioned is determ ned by the detection of
the suction pressure of theg first non-inverter
conpressor (2B) during swtching of the third four-way
selector valve (3C). Therefore, the operating
non-inyayter cpmpressor(2B) isprotectedur - vay sel ect or val ve (3C)
can_be 10 recogni zed. Thus, suitable neasures can
[0088] ok Bvrthegaiorss 1sm¢a|aﬁ9h@mn9ﬁﬁ@gefof threpredetermingd, tim %E% the first non-
sel ector valve (3C). [0085] Particularly, when
mver@a éemgwsiﬂréth isestested ypoand whethepthe) third %W%ﬁ%?fégrs@lve 3C)
continues to be | ower than_ the predeterm
has maéﬁwetwrmd shéetermdped again heged prghesupe Pr@@%&nﬂ’?) preggure for
is determ ned that the thlrd four-way, se ect or e\é/ﬁlﬂiss
switching)the, third fgir-way selgster valye (3rksans by positiye Yc’é'ﬁ’ffé? even if

the_ case wh eth thlrdfour wa el ect al.ve

the thigd foemay ISP BIYRA)a Oh femPlsidl sPitiaer HVERg, siypgly of the
t he suction pressyre. bec el ow, t.he predeterm ned

first r\?&rla‘éeﬂemema&é?% (R} it Fees SiEsg. sur o y

ooss) BRI epa@zm%sw@aa“s P S i
mﬁ o8 SO RN e R o o
B
el AR RO il QP i
7 .
o BRI Al 0 0 R i
four-\U%n %élg St gag(re f( f &'@értrﬁx? to( ga@e Hg?ltfétllc?i@[ﬁgdj uﬁﬁ%s?éftthe suction

erm ne
press@% eo\fgﬁ{z Z’u&@@h@?%?eg%%{l#‘i’es?ﬁ{ %xg{efl& a§s gﬂ%gg&ﬁtHQ&}ever, the

th det d
Sucmﬂ%ﬁﬁ%%%ibﬁ BT B o B Conpr esoor
[00902)23}<O&ep?&%ﬁ&hfeﬂts>&0088] Furthernore, since after the

e predetermned tinme T2 the first non-

' nvﬂ{g ?Eo&:o b6 t 4P)thé Spr§§e§1'i tsﬁged{fbnaﬁﬁyv‘ﬂﬁteh Be fHROwing

thir our-way sel ector val've has mal f uncti oned
confidRatilitiser M ned agai n based on the suction pressure, the
pressure for

[0091] For example, though in the above embodiment the compressor standby section
(83) extends the standby time (predetermined time T2) of the first non-inverter compressor
(2B) according to the number of operating times of the low-pressure sensor (76), it may be
configured to allow the first non-inverter compressor (2B) to repeatedly stand by for a
constant predetermined time without extending the predetermined time T2.

[0092] Furthermore, the compressor startup section (84) may be dispensed with. In other
words, step ST6 to step ST8 may be omitted in the above-described control flow: if in step
ST5 the predetermined time T2 has passed, the control may proceed to step ST9 wherein

the holding of the switching command is cancelled to start up the first non-inverter
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5 switching the third four-way selector valve (3C) can
be positively increased. Thus, even if the third
four-way sel ector valve (3C) is not conpletely
switched during standby of oghe first non-inverter
conpressor (2B), it can be"sSurely sw tched. [0089]
Furthernore, each tinme the third four-way sel ector
compreajor €2BBa)d teturn étrtorthe parenal appration. dn khi saseains e B T Oy the reset of
based on the suction pressure during_startup of the
the nuimbes of pperatingtimay ef the low-prseWrs Sexmsor gﬁ),ls pritedk andby
time of the first non-inverter conpressor (2B) is
(0093} x  Brvigh . inTther aioye ecmbasiment; orlysthige. Gompressass (3, B, &L) are
(3C) can _be surely switched durjng the standby. In
providedhap adskitipnal jcpmplassereuseds 0l¢lx ffor e aiccqndiinine, sysigm or the
_times when the third four-way ﬁelectot vglve (Egg i's
coolinge s¥stem riaay ths BrevidednoF (ARethen Titnzation Sidse feat; gychanger may be
_.suction  pressure of the first non-inverter conpressor
additipnatly psqvidedrinth arommesspngd S?‘G%‘?‘S‘Fe,fort he 15 suction

ressure can_be, gradually increased to, recover it.
10094] 0 GEhs) abexerTP SRR RASY Profeed SEAPORAIR P AT apd are ot
) t he present inventjon may have,.the fol.low ng
intendeg e ﬁgutr £ SEARS: aqpémtﬂmﬁﬂ UESESF &1VEPHBEgh in the

above enbodi nent the conpressor standby section 20
(83) extends the standby tine (predeterm ned tinme T2)
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sl RS bpechs oo TP 25 e
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conpressor startup section (84) may be di spensed wth.
In other 25 words, step ST6 to step ST8 nmy be
omitted in the above-described control flow if in
step ST5 the predetermned tine T2 has passed, the
control may proceed to step ST9 wherein the hol ding
of the switching command is cancelled to start up the
first non-inverter 29 conpressor (2B) and return it
to the normal operation. In this case, in step ST9,
the reset of the nunber of operating tinmes of the

| ow pressure sensor (76) is omtted. [0093] Though in
t he above enbodi ment only three conpressors (2A, 2B,
2C) are




provi ded, an additional conpressor used solely for the
air-conditioning systemor the 5 cooling system nay
be provided, or another utilization side heat
exchanger may be additionally provided with a
conpressor used solely thergfor. [0094] The above
enbodi nents are nerely preferred enbodi nents in nature

and are not intended to b ts the scope, applications
and use of the inventi on.-ﬂ%‘-‘-lo I ndustri al ,
Applicability [0095] As seen fromthe above, the

nt invention is useful as a refrigeration system

for perdmpdiich $IRAFESHIpER:r ol by switchover anpng a
lurality of conpressors. 30 Cains Clajmil A .
et 1 Aoesiewan SyGuoRBoriprbdiags o weY | Sletiar Ay (i) provided
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position inovhichhe Fest gortt @1) iheommupicaed with dhg srcond poe (F2) and the
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Claim 2
The refrigeration system of claim 1, wherein the determining means (80)

comprises: a suction pressure detection section (81) for detecting the suction pressure of
the second compressor (2B) after the issue of a switching command to the four-way
selector valve (3C); a command holding section (82) for, when the detected pressure of the
suction pressure detection section (81) becomes lower than a predetermined value,
determining that the four-way selector valve (3C) has malfunctioned and holding the
switching command; and a compressor standby section (83) for, upon the command
holding section (82) holding the switching command, stopping the second compressor (2B)
and putting it into standby for a predetermined time.
Claim 3 |

The refrigeration syStem of claim 2, wherein

the determining means (80) further comprises a compressor startup section (84) for
starting up the second compressor (2B) put into standby for the predetermined time by the




to the second state and fromthe second state to the
first state and thereby determ ning whether the
four-way sel ector valve (3C) has mal functioned on the
basis of only the suction pressure thereof. Claim?2
The refrigeration system ofyclaim1, wherein the
determ ning neans (80) conprises: a suction pressure
daippessoonamibytseaion((83), afidbr det ecting the suction

pressyre of the second cor r d £
i ssue ORGSO HANGY c%%n@rss ??‘%’g{ﬁ%dr’ QI’v\l/fe{:;l?l thée getes r? ressure 0
tH@ k@iop3Epssute detagtinndsebiiord (81) teeomen how&2thanh dhe pradetermined value
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seécpdedopnpresson (2B) arl putdetisio rstanidby fohatperiod dfdime watended from the
P@&iector val ve (3C) has mal functi oned and hol di ng the

etemined Wetmand: and a conpressor standby section
(83) for, upon the conmand hol di ng section (82)
hol di ng the sw tching conmand, stopping the second
conpressor (2B) and putting it into standby for a
predeterm ned tine. Claim3 The refrigeration system
of claim2, wherein the determ ning neans (80) further
conprises a conpressor startup section (84) for
starting up the second conpressor (2B) put into
standby for the predetermned tine by the 31
conpressor standby section (83), and the conpressor
standby section (83) is configured, when the detected
pressure of the suction pressure detection section
(81) becones | ower than the predeterm ned value again
during the startup according to the conpressor startup
section (84), to stop the second conpressor (2B) and
put it into standby for a period of tinme extended from
the predeterm ned tine.




