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DESCHR PTI ON REFRI GERATI NG SYSTEM Technical Field The

Q esent i nvention relates to a refrigerating system and particularly
Bi%es to a binary refrigerating system i ncluding a | ow stage side

refrrgerant circuit and a high stage side refrigerant circuit.

Background Art A binary refrigerating system has been

conventional ly used as a refrigeratin stemfor a cold storage, a

t her mal - shock testing system S@REP%¥ The binary refrigerating

15 systemis constituted by a | ow stage side refrigerant circuit
hi gh stage side refrigerant circuit which are connected
t hrough a cascade condenser as disclosed in
Publ i cat i orREERIGERATING SYSTEN15.

t he conventional binary 20 refrigerating system (200) will be now

descri bed. The | ow stage side refrigerant circuit (202) is forned by
connect.i ng
(206), ¢

15

25

_ a | ow stage side conpressor (207), a cascade condenser
Tachmiwadt Fjeld de receiver (208), a | ow stage side expansion

The present invention relates to a refrigerating system,
and particularly relates to a binary refrigerating system
including a low stage side refrigerant circuit and a high

stage side refrigerant circuit..

Background Art

A binary refrigerating system has been conventionally
used as a refrigerating system for a cold storage, a thermal-
shock testing system or the like. The binary refrigerating
system is constituted by a low stage side refrigerant circuit
and a high stage side refrigerant circuit which are connected-
to each other through a cascade condenser as disclosed in
Japanese Unexamined Patent Publication Gazette No. 9-210515.

With reference to Figure 13, the conventional binary
refrigerating system (200) will be now described. The low

stage side refrigerant circuit (202) is formed by connecting

‘a low stage side compressor (207), a cascade condenser (206),

a low stage side receiver (208), a low stage side expansion
valve (204) and an evaporator (209) in this order, while the
high stage side refrigerant circuit (203) is formed by
connecting a high stage side compressor (210), a condenser

(212), a high stage side receiver (211), a high stage side

and a

to each other
Japanese Unexam ned Pat ent

Wth reference to Figure 13,

i



val ve (204) and an evaporator (209) in this order, while the 25 high stage

si.de refrigerant circuit (203) is formed by connecting a high stage
diZde Tonpressor (210), a condenser (212), a high stage side receiver
(211), a high stage side expansi on val ve (205) and the

cascade condenser (206) in this order. Further, in the conventional

binary refrigerating SéStGg%éZOO), t he expansi on val ves (204% and
(205)  of tkEPansionhvghvet 43@5%5i ard rigte qpacasdte condgnser203P6andnt Re1$ ow
stage 5 side refrigerant circuit (202) are each constituted by a |
t enper at ur xdefnsi t Fyether, tifer bt acprventionsdakdingry refaigerating
(hereinafter, referred to as a t enperat ure-sensitive
expansi on saistep. (20Mthether expanhéonageddescoldfdiseand (486F) of the
constituted by a double-pipe heat exchanger. 10 In the high stage
si de refri jdoantsteigecditde (ROF)igerant cirdvigh Q0Rje Iidicthef toGephiage
di scharged fromthe high stage si de conpressor (210) devel ops such
circul a%i oside toefrigeramvndedseuih tiR9Dondeas@maqplepnsibucedi by 2
pressure in the hi gh stage side expansion valve (205), evaporate in
the = 15 cisoperatundessnsit2od) andhegmostiatdct he Hxpestigge si dealve
conpressor (210). On the other hand, in the | ow stage side .
refri ger ant{heirednafte20?2)  refe¢mvedt ade side refri femperature-sensitive
expansion valve). Furthermore, the cascade condenser {206)
is constituted by a double-pipe heat exchanger.

Efﬂ In the high stage side refrigerant circuit (203), a
high stage side refrigerant discharged from the high stage
side compressor (210} develops such circulation as to
condense in the condenser {212}, reduce its pressure in the
high stage side expansion wvalve (205), evaporate in the

ﬁ@ cascade condenser (206) and return to the high stage side
compressor (210}. On the 6ther hand, in the low stage side
refrigerant c¢ircuit (202), a low stage side refrigerant
discharged from the low stage side compressor (207} develops
such circulation as to condense in the cascade condenser

20 {206) to recover cold heat from the high stage side
refrigerant, reduce its pressure in the low stage side
expansion wvalve (204), evaporate in the evaporator (209) to
cool substance to be cooled {ex., air), and return to the low
stage side compressor {207).

25 Meanwhile, at the time of start-up of the system (200),

the temperature in the cascade condenser (206} may not be

decreased down to a predetermined condensation temperature



di scharged fromthe | ow stage side conpressor (207) devel ops such
circulation as to condense in the cascade condenser 20 (206) to

r&over cold heat from the high stage side refrigerant, reduce
its pressure in the | ow stage side jexpansion val ve (204), evaporate
In the evaporator (209) to cool substance to be cooled (ex., air),

and return to the | ow stage_si de conpressor (207). 25 .
Meanwhi | e, T t hlbet i kaw oftagar tsife orefmagsyanem (ngm)) example,  jf the

tenperature in the cascade condenser (206) nmay not be decreased down
to a predetssstiened (28Rdenbasi oreenpdiugt udewn for a longr tige| ohh8t age
side refrigerant. For exanple, if the system (200) has been shut down
for a | ong hempsrativee in thenpasaade econdemeet akfRie LEaFeiPeto( 2EYNH] ses
up to around ordinary tenperatures. Therefore, if the high stage side
conpr essor qraiigiarynd tenperatinseage Wiedefosepr esEortheoljghir estage sidet ed
up at the sane tinme, the | ow stage side refrigerant circuit (202) may
be exce¥si waimpresissed (210)t @nd diheprloss wtege sider sompriesgorn (8820 agren of
a protective device such as a high- pressure switch in spite of the
syst em (20Btamiasy Um alborhipe sage tomei t EbaslowTstegpe siiden nelfird ggrgnt
prevent such uni ntended behavi or of the protective device, the system
i s general lgircuit d202igedysbet hateshival ghraisel i dd scdvighe HISSSUZED) i s
resulting in operation of a protective device such as a high-
pressure switch in spite of the system (202) being in normal
E‘l;U conditions. To cope with this and prevent such unintended
behavior of the protective device, the system is generally
arranged so that the high stage side compressor (210} is
started up ahead of start-up of the low stage side compressor
(207} and after the expiration of a certain period the low
‘15 stage side compressor (207) is started up.
For the binary refrigerating systems, it is important
to stabilize the high pressure in the low stage side
refrigerant circuit (202} since their performance is
determined mainly depending upon operating conditions of the
20 low stage side refrigerant circuit (202). In the conventional
binary refrigerating system, however, the temperature-
sensitive expansion valve (205) is used for the high stage
side refrigerant circuit (203) and therefore it takes a
considerably long time (for example, about 5 minutes) to
25 stabilize the superheating degree of the high stage side

refrigerant at the outlet of the cascade condenser (206)

after the start-up of the high stage side compressor (210}.



started up ahead of start-up of the | ow stage side conpressor (207)

ang after the expiration of a certain period the low 15 stage side

CeHpr essor (207) is started up. For the binary refrigerating
systens, it is inportant to stabilige the high pressure in the | ow
stage side refrigerant «circuit (202) since their perfornance S
det erm ned _nai nly dependi.n upon operating co Eltlons of the | ow, st age
side refri §SCRACLEE gultlt yhasnbegs éanéﬁg Halil ebFﬁ§W§n tional
refrlgeratln%@és stem, however, the tenperature- ensjtive

expansi on V& XEHT FeRAdd RS o?yﬁth%u h%ﬁh tadgeeven 1§ 4 oY gEFEAL
circuit (203) and therefore it tak considerably long tinme (for
exanmpl e, alfd@te SORPASESOY ﬂ3°7?5lss?éBFFPQeuPh€e§&Bérﬁe&?FﬁélBe§P€é°6f t he
hi gh stage side refrigerant at the outlet of the cascade condenser
(206) ther t chenprRraiunG—SepsdtivRe MXFRIRIQFe sTaleonpt@Bkor CRRBOT.
Accordlggly there has been a groblen1|n t he conventi onal bi nary
ref ri gePat iAFPHPSLe Ol ANt RREUR ehn¢¥34$ﬁa4QW4QQQuﬁ9SU1tng da @Eﬁﬁﬁ@é@ﬁr
(207) is started up behind a certain period,
terrperaturélfseﬁiﬁtPV@te%&b‘éﬁhsﬁ%ﬁlC%aP§ethe(2305‘) s%moﬁlde refgdgenastt o an
abrupt increase in load resulting in operation of the protective

devi ce of tH&qudk JRRGe-side refrigerant

Particularly for a so-called multi-system equipped with

low stage side refrigerant circuitry constituted by a

1@ plurality of pipelines including a plurality of low stage

side compressors, respectively, if the number of low stage

side compressors started up 1s changed, the temperature-

sensitive expansion wvalve (205} of the high stage side

refrigerant circuit {203} cannot response to load variations

15 of the low stage side refrigerant circuit so that the

protective device of the low stage side refrigerant circuit
easily operates.

The present invention has been made in view of this

problem and therefore its object is to improve operational

20  responsiveness of the high stage side refrigerant circuit to

the low stage side refrigerant circuit.

Disclosure of Invention
To attain the above object, the present invention
25 employs a motor-operated expansion valve as an expansion
mechanism in the high stage side refrigerant c¢ircuit and

provides for controlling the motor-operated expansion valve



circuit (202). Particularly for a so-called nmulti-system equi pped

W th | ow stage side refrigerant circuitry constituted by a 10
pifirality of pipelines including a plurality of |ow stage si de
conpressors, respectively, if the nunberjof |ow stage si de conpressors
started up i s changed, the tenperature- sensitive expansion val ve
(205) of the high stage side refrigerant circuit (203) cannot response
to | oad variotiitps the bighneressise age thge ledr Stgdeasids F&h 988 2 fat

t he - protective device of the |ow stage side refrigerant circuit

easi |y operGiffgdlit reaches arf@ngedsdhah MESRSUGE hadDh@ERCKaHOTOS vitdF of

this problem and therefore its object is to inprove gperational, 20
responsi verkEsesit t RRVRNGHOBt AR Ei RS r ot gEPRRTOLLERYI tERY eXPansgen ow

stage side refrigerant circuit. Di scl osure of Inventi

attain the Rgshadlsn) oft thehbighestagei pidat FORr 1 osr akp| GyCU thbegedopdr at

expansi gn val ve as an expansi on mechani smin the hi

on

i de

; all \ , h stage s
refri gePantthe reanditiems of theolpdestase %b@@r%ﬁf##ﬁﬁﬁ%ﬁi fotsidper at ed
expansi on val ve so that the high pressure in the | ow stage
side refrigerantMore specifically, a first invention is directed to a

refrigerating system, which comprises: a high stage side

refrigerant circuit (3, 120) formed by connecting a high

stage side compressor (9, 18, 121), a condenser (10, 122}, a '

10 motor-operated expansion wvalve (12, EVL1l, EVL2) and a

refrigerant heat exchanger (5, 111A, 111B)} in this order; a

low stage side refrigerant circuit (2, 103A, 103B)

connecting a low stage side compressor (4, 31A,
131B), the refrigerant heat exchanger (5, 111A,

15 expansion mechanism {7, EV21) and an evaporator

formed by
31B, 131A,
111B}, an

(8, 50) in

this order; a high-pressure sensing means (SPH2), provided in

the low stage side refrigerant circuit (2, 103A,

103B}, for

20

%5

sensing the high pressure in the low stage side refrigerant
circuit {2, 103a, 103B); and an expansion valve control means
{18) for controlling the motor-operated expansion wvalve (12,
EVLl, EVL2) of the high stage side refrigerant circuit (2,
120) so that the pressure sensed by the high-pressure sensing
means (SPH2) reaches a predetermined target high pressure.
With this arrangement, in the high stage side
refrigerant circuit (3, 120), a high stage side refrigerant
develops such circulation as to be discharged from the high

stage side compressor (9, 18, 121), condense in the condenser

To
ed



circuit reaches a target high pressure. In other words, the pr esent

i nvention provides for controlling the expansion mechani sm of the high
stiége side refrigerant circuit based on the conditions of the |ow
stage side refrigerant circuit. 6 More specifically, a first
invention is directed to a refrigerating system which conprises: a
hi gh stage si de refrigerant circuit (3, 120) fornmed by connecting a

hi gh stifge 2R conbe@dcdr {0S 1Bregsyye alﬁon(?@ﬁsermo(tﬁi"oﬁf)a,tea 10

mot or -operated expansion valve (12, EVL1, EVL2) and a

ref ri ger ante¥pa@msiOpchavigbye (5,(121A EVIE) EWLEZhi s &v@drrate in|o|h&t age
side refrigerant circuit (2, 103A, 103B) forned bi connecting a_l ow
stage si de rafipigerset heat3pxchanger135a 111A, 131B) apderpbfrRgéPakteheat
.exchanger (5, 111A, 111B), an 15 expansion nechanisn1%7, EV21) and an
evapor at or high syge nside cempresiater{9a Hghlptbsstretbensthgrnbang,
(SPH2) ,:_provided in the | ow stage side refrigerant circuit (2, 103A,
103B), Por in theekw fade Hidsh ynicdaerantn cixeuidw Sy add®38:dd088iri Ger ant
circuit °(2, 103A, 103B); and an expansion_ valve control neans 20 (16) for
control | i nglavhestrastosigse rgfead gexpahsiene lepyesyalp circulabjion amyte) bef t he
high stage side refrigerant circuit (2, . 120) so that the pressure
sensed by tdiesdhiantygst eizam ethenkowgstage gbdascoRPreyseBadfes 338, 31B,
predet erm ned target high pressure. ~_Wth this arrangenent, in
the high ¥ge I3, 25exekinggerkent civitiht the 1hoyh ashege stsdge side
refrigerant devel ops such circulation as to be dischar%?d fromthe.

hi gh refrigerant in the refrigerant heat exchanger (5, 111A, 111B)

0 to condense, reduce its pressure in the expansion mechanism
{7, EV21), evaporate in the evaporator (8, 50) for cooling
substance to be cooled, and return to the low stage side
compressor (4, 31A, 31B, 131A, 131B). The motor-operated
expansion valve (12, EVL1, EVL2) of the high stage side

15 refrigerant circuit (3, 120) is controlled directly for the
low stage side refrigerant circuit (2, 103A, 103B} so that
the high pressure in the low stage side refrigerant circuit
(2, 103A, 103B) which is sensed by the high-pressure sensing
means (SPH2) reaches the predetermined target high pressure,

20 and operational responsiveness of the high stage side
refrigerant circuit (3, 120} to the 1low stage side
refrigerant circuit (2, 103a, 103B) is thereby improved.

A second invention 1is concerned with the first
invention, wherein  the system further . comprises: a
25 temperature sensing means (Tx) for sensing the temperature of

the substance to be cooled by the evaporator (8, 50); and a

target high pressure setting means (23) for setting the



stage side conpressor (9, 18, 121), condense in the condenser

(10, 122), reduce its pressure in the notor-operated expansi on
v ve (12, EVL1, EVL2), evaporate in the refrigerant heat
exchanger (5, 111A, 111B) and return to VYhe hi gh stage side conpressor
(9, 18, 121). On the other hand, 5 in the |ow stage side refrigerant
circuit (2, 103A 103B), a | ow st age side refr%gg;ant deve o&g such

circul ati ofargato Begh’ pregpigRardfedthe oPRESLEH StHFE sFARLED 888r (4,
31A, 31B, 131A, 131B), exchange heat with the high stage side
refrigerant(l& tbhasedf rogertdit hewpesabhbpgerenssd 1PYA tll%l%)empfé”att&re
condense, reduce its pressure in the expansion mechani sm (7, EV21),
evapor at e isendHarewmasdsat(@x) (8, 50) for cooling substance to be
cooled, and return to the | ow stage side conpressor (4, 31A, 31B
131A, 131B). Whthnbhbs- apsangesent, tbgphasgeh pashePressurg in EHe2) of
the high stage side 15 refrigerant circuit (3, 120) is controlled,
direct '@ f okow hetage dicle srefelgdmsnt e¢irgettnt(2eir ¢+ (203Bp3AWRigEB) so
t hat the high pressure in the | ow stage side refrigerant circuit
(2, 103A, I1O3Byided che i sstamdset byfarhe dargrodr efur &hgendot@r-operaésads
(SPH2) reaches the predeterm ned target high pressure, 20 and
oper at i onal expasspionsivediesss(12f EVlHe EVAIGH , ssagdedvpgely setr Bpsegdepdint
circuit (3, 120) to the Ilow stage side

the temperature of the substance to be cooled. As a result,

the control of the motor-operated expansion valve (12, EVL1,

1*0 EV1L2) can be made in flexible response to load.

A third invention is concerned with the first invention,
wherein the system further comprises: a low pressure sensing
means (SPL2), provided in the low stage side refrigerant
circuit (2, 103a, 103B), for sensing the low pressure in the

15 low stage side refrigerant circuit (2, 103a, 103B}; and a
target high pressure setting means (23) for setting the
target high pressure of the expansion valve control means
{16} based on the pressure sensed by the low pressure sensing
means (SPL2}.

20 With this arrangement, the target high pressure in the
low stage side refrigerant circuit (2, 103A, 103B), which
provides a standard for control of the motor-operated
expansion valve (12, EVL1l, EVL2), is adequately set based on
the low pressure in the low stage side refrigerant circuit (2,

25 103A, 103B). As a result, the control of the motor-operated
expansion valve (12, EVL1l, EVL2) can be made in flexible

response to load.



réfrigerant circuit (2, 103A, 103B) is thereby inproved. A second

invention is concerned with the first i nvention, wherein the
system further conprises: a 25 tenperature sensing neans (Tx) for
sensing the tenperature of t he subsg ance to be cooled by the
evaporator (8, 50); and a target high pressure setting neans (23) for

setting the ) ) . 7 target _hi
pressure of the Zexphpdrbh vaRVenEdakr ofSnedipgicerned 1651%se@1%n Fﬁﬁgp
tenperature sensed by the tenperature sensing neans (Tx).,
Wth this dnvangéent, vheredrgetthsl ghsysesBur efPRERMe BUWSEFage 3ide
refrigerant circuit (2, 103A, 103B), which provi des a standard faor
control of temperstaireogensiad meanseiPehstaon sausiay the kempergtiiss ofs
adequately set based on the tenperature of the substance to be_cool ed.
As a resul tthe subshancenttool bef copdefptlly - her REPBE O 6B) valdelp2,
EVL1, 10 EVL2) can be made in flexible response to |oad. A third
i nvent i '8n ipressveer segsinghnepasf (8BE2) nveraVigled in thghdew stege sydeem
further conprises: a |ow pressure sensing means (SPL2), provided in
the | ow st atpErsigderandf digenant (2), forr sensipg, the3Aowipzeysufer iBekBeng
the low pressure in the 15 |ow stage side refrigerant circuit (2, 103A,
103B); and lmw stage side refrigerant circuit (2?; a transient state
detecting means (23a) for determining whether the operation
of the system is in a transient state based on preset '
iiﬁ particular determination conditions and outputting a
predetermined transient state signal upon detection of the
transient state or outputting a predetermined non-transient
state signal upon detection of a non-transient state; and a
target pressure setting means (23} for setting upon receipt
18 of the transient state signal the target high pressure of the
expansion valve control means (16) based on the temperature
sensed by the temperature sensing means (Tx) or setting upon
receipt of the non-transient state signal the target high
pressure based on the pressure sensed by the low pressure
20 sensing means (SPL2).

With this arrangement, the target high pressure is set
based on the temperature of the substance to be cooled when
the operation is in a transient state, or the target high
pressure 1is set based on the low pressure in the low stage

25 side refrigerant circuit (2) when the operation is in a non-

transient state, i.e., steady.

A fifth invention is concerned with the first invention,



térget hi gh pressure setting neans (23) for setting the target high

pressure of the expansion valve control neans (16) based on the
priessure sensed by the | ow pressure sensing means (SPL2). 20

Wth this arrangenent, the target high pFessure in the | ow stage side
refrigerant circuit (2, 103A, 103B), which provi des a standard for

control of the notor-operated expansi on val ve élZ,EEVLé, EVbZét IS
adequat el y wherepasddiorsysten t Rerthey pFeBREHFEeT n hEUWPBHreREGRI sFgEree
refrigerant circuit (2, 25 103A, 103B). As a result, the control of the !
mot or - oper atedgcting wepaAsi(8R) vEPTesending\ihe superheakdnge dedgeei At 2

flexible response to | oad. ) A fourth invention is
concer ned Wudtiohe gpsr sefrigeranknef ofhe Mgl ditpge ide spaPERSSOFUiLRer
conpri ses: a tenperature sensing neans (Tx) for sensing the

tenperatur 23 in thmehigbsshage sbdeecrebolaarant tacaidpdrat 620) 8)and | ow
5 pressure sensing neans (SPL2), provided in the |ow stage side

refri gePantths rexpangyn el veensdmigrehe meenspr ek&ur beilAdt rrangeq ofPst age
side refrigerant circuit (2); a transient state detecting means (23a)
for det er mauntyaihetierneter operatiash expangifon heakvyast &84 sEVRLa EVEASi ent

state based on preset 10 particular determnation conditions and
outputting ofa the high stage side refrigerant circuit (2, 120) so that

the pressure sensed by the high-pressure sensing means {SPH2)
and the superheating degree sensed by the superheating degree '
10 detecting means (27) reach a predetermined target high
pressure and a predetermined target superheating degree,
respectively.
With this arrangement, the motor-operated expansion
valve {12, EVLl, EVL2) is controlled so that the high
15 pressure in the low stage side refrigerant circuit (2, 1033,
103B} reaches the target high pressure and the superheating
degree of the suction gas refrigerant of the high stage side
compressor {9, 121) in the high stage side refrigerant
circuit (3, 120} reaches the target superheating degree. As
20 a result, the high stage side compressor (9, 121) can be
protected from liquid back and the like and at the same time
the high pressure in the low stage side refrigerant circuit
{2, 103A, 103B) can be held at a suitable value.
A sixth invention is concerned with the fifth invention,
25 wherein the system further comprises: the expansion valve
control means {16} being set to calculate a first amount of

change of opening (AEV1) based on the pressure sensed by the



predeterm ned transient state signal upon detection of the transi ent
state or outputting a predeterm ned non-transient state signal upon
defection of a non-transient state; and a target pressure setting nmeans
(23) for setting upon receipt 15 of thd0transient state signal the target
hi gh pressure of the expansi on val ve control neans (16) based on the

t enperature sensed by the te era ure sens TX settin
upon PdIbpE esF UL Re SRBAL PP SHSFRAL %?%ﬁ)e' s‘?ag]ﬁ%ln%ﬁeat %reé)@fl%hiaﬁlﬁunlc )
pressure based on the pressure sensed by the | ow pressure sensin
nmeans (SPL®E. change of Omﬁphnghl@%V%)ar@ﬂe‘i%ton ttHhe tsaapgeﬁl%tdﬁgpﬂe%ﬁge i s
set based on the tenperature of the substance to be coole? {Q

the oper at iss®sed By athe af¥perbeatane, d@HrPQEQ%WﬁgﬁnﬁlﬂWans séBfle is
set based on the | ow pressure in the | ow stage side refri erant
circuit (2chamse the sperangonli the nmet%rpperatec% eFRSnSieTs vadye (12)
steady A fifth invention is concerned with the first |nvent|on

wher &tfh thee Bigh evraqe ( Hide copbrigesanty %’dﬁ‘é‘%ﬁ'eaﬁhgbﬂ%@‘#eén the

detectlng means (27) for sensing the superheatin ree of a suction
gas refrigéiiamt ofmewet hodh Ghanpe sofie ommpn@sb% and 1Phg isecer€ hi gh
stage side refrigerant circuit (3, 120); and 5 the expanS|on val ve contr ol
means (16) sxsiund aof aghengeoof opening ( A EV2); and a setting change

means {22b) for changing the setting of the expansion valve
control means {16) so that the expansion wvalve control means

10 {16) changes the opening of the motor-operated expansion
valve (12) solely based on the second amount of change of
opening ( A EV2) when the sensed superheating degree is a
value beyond a predetermined range and the first amount of
change of opening (AEV1l) is positive.

15 With this arrangement, the opening of the motor-
operated expansion wvalve (12) in the high stage side
refrigerant circuit (3) is changed in principle based on the
first amount of change of opening (AEV1) calculated based on
the high pressure in the low stage side refrigerant circult

20 (2} and the second amount of change of opening { A EV2)
calculated based on the superheating degree of the suction
gas in the high stage side refrigerant circuit (3). When the
superheating degree of the suction gas is a value beyond the
predetermined range and the first amount of change of opening

25 ( A EV1) is positive, the opening of the motor-operated
expansion valve (12} is exceptionally changed based on the

second amount of change of opening (AEV2)} alone.



control the notor-operated expansion valve (12, EVL1, EVL2) of the
hi gh stage side refrigerant circuit (2, 120) so that the pressure
sefised by the hi gh-pressure sensing neans (SPH2) and the superheating
degree sensed by the superheating degredq1 10 detecting neans (27) reach
a predetermned target high pressure and a predeterm ned target
super heati ng deqgr ee, respectively. Wth this a ranggnent

t he not or - oper atfed %ﬁ}ﬁ%%h‘onm"ent%ﬂlvel%12C°E‘<?E{ne@/L§}tps EGRt r SHEES so
that the high 15 pressure in the |low stage side refrigerant circuit (2,
103A, ipyepftiosacheWhekeinar gdte hi GiYSheEssufBrEReTt h&%?lb"elrsr?éat i n§
degree of the suction gas refrigerant of the high stage sid
conpr essor uperiEpting t Aegregh dategd igiddeneans | g&ant for SQﬂf'rJé'tﬂt tP@
120) reaches the target superheating degree. As 20 a result, the hig
stage si de SSRREAIdNg (Bgreelpt easusdlon gas: sedEieerprsnPLi (Ebiedhl%éék and
the like and at the sane tine the high pressure in the | ow stage side
refri gePantstagecui side comprasser 1038}) cadlbe e d high s&Fedsl e svdeue.
A sixth invention is concerned with the fifth invention, . 25 wherein the
syst em f ur thedir igansrits essinawé tex gd@8it on eal i schargeonges reaweretsyrebei ng
set to calculate a first anount of change of opening ([err]EVlf) based
on the presmnsingengednsy t(BFH2) for sensing the temperature

discharge gas of the low stage side compressor (31A, 31B,

131A, 131B) in the low stage side refrigerant circuit {103A,

0 103B); the expansion valve control means (16) being set to

calculate a first amount of change of opening (AEV11, A
EV21) based on the high pressure in the low stage side
refrigerant circuit (103A, 103B), calculate a second amount
of change of opening {AEV2) based on the superheating degree
15 sensed by the superheating degree detecting means (27) and
change the opening of the motor-operated expansion valve
(EVL1, EVL2) of the high stage side refrigerant circuit (120)
based on the first amount of change of opening {(AEV11, A
EV21) and the second amount of change of opening (AEV2); and
20 a setting change means {23c¢) for calculating an amount of
increase of opening {AEV13, AEV23) based on the temperature
sensed by the discharge gas temperature sensing means {STH2)
when the sensed temperature 1is equal to or above a
predetermined temperature and then changing the setting of
25 the expansion valve control means {(16) so that the expansion
valve control means (16) changes the opening of the motor-

operated expansion valve (EVL1, EVL2) based on the first



10 hi gh- pressure sensing neans (SPH2), calculate a second anount

of change of opening ([err] EV2) based on the superheating degree

sénsed by the superheating degree detecting neans (27) and change t he
openi ng of the notor-operated expansionigalve (12) 5 of the high stage
side refrigerant circuit (3) based on the first anmount of change of
opening ( [err] EVl1) and the second anount of change of opening. ( A
EV2): and amcsnti of cthange of opeminrg (02pEVibr AR IhgiRtethet 6RARENEF t he
expansi on val ve control neans (16) so that the expansion val ve control
nmeans 10 apb@ntchafigebangie ahenbaning thd EB2br ageraddt ks ofhe

val ve (12) solely based on the second anmount of change of openi ng (
[err] EV2) ancamtt o€ sensedssupbropenimg H8FVAE,i ABV23). val ue beyond a
predeterm ned range and the first amount of change of opening
([err]EV1) is podithvethis arrangepemi, tiihe sgPeargeneRt, THBe MBSRIng
of the_ notor- oper ated expansi on valve (12) in the high stage side
ref ri gePantopsinadict exprnisioshand¥e i(BVBLi nEVBRE BasEBeohighesStage fFidst
amount of change of opening .([er]re% EV1) cal cul ated based on t he high
pressure i rrafrddesandt s diide t64Q)i ges acheageduiin poingiple JasehecBecond
anount of change of opening ( [err] EV2) cal cul at ed based on the
super heat i tthedefiizetofandimtsuoti orhange gds opentrg hilgh Fvide sAJBV21)
refrigerant circuit (3). Wen the super heating degree of the suction
gas is a vaalewWased hased on Hredui@r eIty ablde t hew pEageafddft of
change of opening 25 ( [err] EVl1) is positive, the opening of the

not or - oper &tefifigerant circuit (103a, 103B) and the second amount of

i

‘0 change of opening ( A EV2) calculated based on the
superheating degree of the suction gas in the high stage side
refrigerant circuit (120). When the temperature of the
discharge gas of the low stage side compressor (31a, 31B,
131A, 131B) is equal to or above the predetermined

15 temperature, the opening of the motor-operated expansion
valve (EVL1l, EVL2} is changed based on the first amount of
change of opening (AEV11l, AEV21l) and the second amount of
change of opening ( A EV2) exceptionally considering the
amount of increase of opening (AEV13, AEV23) based on the

20 temperature of the discharge gas.

An eighth invention 1is concerned with the first
invention, wherein  the system  further comprises: a
superheating degree detecting means (27) for sensing the
superheating degree of a suction gas refrigerant of the high

25 stage side compressor ({121) in the high stage side
refrigerant circuit (120); a discharge gas temperature

sensing means (STH1) for sensing the temperature of a



expansi on valve (12) is exceptionally changed based on the second
anount of change of opening ([err] EV2) al one. A seventh
i mvention is concerned with the first invention, wherein the
system further conprises: a sypger heati ng degree detecting neans
(27) for sensing the super heati ng degree of a suction gas refrigerant
of the high 5 stage side conpressor (121) in the high stage si de
refri ger andischetpe @ez0)cefyidgesendr ¢f e tobdferatage side SeRBrR§SREans
(STH2) for sensing the tenperature of a di scharge gas of the |ow stage '
si de conprddgd) @(BAheBigh staggiaidesrefrigexant | ehrceblge (32@L; the
refrigerant circuit (103A, 10 103B); the expansion valve control neans
(16) bei ng expansdon valysl cwndrela mdanst Gfdurkelsty otrihgo ofabpehshy &
[err] EV11, A EV21) based on the high pressure in the | ow stage side
ref ri ger antfidistcuitount0% dOBR)e «hl opémimg a(deEVLY, adokWi2l) based ohange
of opening ([err] EV2) based on the superheating degree 15 sensed by the
super hefit i ripeddyrade pissotiengimetine 1¢@75tage side chinjeerhpvtopénicpgtof
t he notor-operated expansi on val ve (EVL1, EVL2) of the high stage side
refrigerant{103aGuilto3Bl 20calculabasedsenontieafipust afioghenge cfangendng
opening ( [err] EV11, [err] EV21) and the second anmpunt of change of
opening ([erd E¥2); baded on the superheating degree sensed by the
superheating degree detecting means (27) and change the
opening of the motor-operated expansion valve (EVL1l, EVL2) of
0 the high stage side refrigerant circuit (120} based on the
first amount of change of opening ( AEV1l, AEV21l) and the
second amount of change of opening ( AEV2); and a setting

change means {23¢) for calculating an amount of increase of
opening { A EV4) based on the temperature sensed by the
18 discharge gas temperature sensing means (STH1) when the
sensed temperature 1is equal to or above a predetermined
temperature and then changing the setting of the expansion
valve control means {16) so that the expansion valve control
means (16} changes the opening of the motor-operated
20 expansion valve (EVL1l, EVL2) based on the first amount of
change of opening (AEV11l, AEV21l) and the second amount of
change of opening ( A EV2) and additionally the amount of
increase of opening (AEV4).
With this arrangement, the opening of the motor-
25 operated expansion valve (EVL1, EVL2) of the high stage side
refrigerant circuit (120) is changed in principle based on

the first amount of change of opening { A EV11l, A EV21)



20 a setting change neans (23c) for calculating an amount of
I ncrease of opening ([err] EV13, [err] EV23) based on the tenperature
sensed by the discharge gas tenperature sensing neans (STH2) when t he
sensed tenperature is equal to or above 14 predet erm ned tenperature
?Eg)then ﬁhanging the setting of 25 the expansion valve control neans

so that the expanS|on val ve control nmeans changes the
oEen:c ng of GHEHELsA based Qe the gl T HH Al V2 ‘% BR/ jow g??ebgéga on
the first . 1 unt of change
of openi ng Yefederapts, ci et £{3852and O3 s@%n&ge Se%?%o?m%?méhéi gegof
opening ( A EV2) and addltlonally t he anmount. of increase of opening
([ err] EV13,cHasrgg EV@B) . opening Vit BViZNi s ealargdiesht \based op@hi n§h8f t he
not or - oper at ed expansi on valve (EVL1, EVL2), of th i gh stage.side
ref ri ger antSuRarhgat ipmdpareechangee $%C'b%q’%cﬂap? )eubé’sh?d%&r? QStagﬁﬂél%Pr st
amount of change of opening ( A EV1l, A EV cal cul at ed based on the
hi gh pré@sswefiiganmt owiscags si(§20) . W]F%TF ri'gea arﬁenkﬂerr@tﬁutre( 1035, th63B)
and the second amount of 10 change of opening ( [err] i
cal cul at ed dlmEe@rgeongashef the s@éélhhe%ﬁ@?fg éééﬁeézqgfprtel?@%ucf %H gd$ in

t he high stage side refrigerant circuit. (120)
t enper at ur eIWFL theor abovg seMurRredplewrinade qegwesrtag&gey &@eC(?PﬁPé@gor
(31A, 31B,

of the motor-operated expansion valve (EVL1l, EVL2) is changed
based on the first amount of change of opening { AEVi1, A .
10 EV21) and the second amount of change of opening ( A EV2)
exceptionally considering the amount of increase of opening
(AEV4) based on the temperature of the discharge gas.
A ninth invention is concerneci with the first invention,
wherein the system further comprises: a superheating degree
'1.:"5 detecting means (27} for sensing the superheating degree of a
suction gas refrigerant of the high stage side compressor
{121) in the high stage side refrigerant circuit (120); a
discharge gas temperature sensing means (STH1l) for sensing
the temperature of a discharge gas of the high stage side
20 compressor {121) in the high stage side refrigerant circuit
{120); a wet state detecting means (22a) for determining
whether the suction gas refrigerant of the high stage side
compressor (121} in the high stage side refrigerant circuit
(120} is in a wet state based on preset determination
25 conditions and outputting a predetermined wet state signal
upon detection of the wet state; the expansion valve control

means {16} being set to calculate a first amount of change of



131A, 131B) is equal to or above the predeterm ned 15 tenperature, the

opening of the notor-operated expansion val ve (EVL1, EVL2) is
changed based on the first anmount of change of opening ([err] EV1l,
[err] EV21) and the second anmount of 15change of opening ( A EV2)
exceptional ly considering the anount of increase of opening ( [err]

EV13, [err] EV23) bazgd on tz%é 20 tenperature of the discharge, gas
An ei ghth iaRgavEidon( ASE¥bhceBYR i t hagRd pPrr dhe hidh DERSFRRE 1Qh&DPS&i n
the system further ri ses: .super heat egre

. Cco : a | [ det ecti ng
means (27) ¥ &S iy dhe eIrigesgpdr KedTHE dddrde #%E?weﬁi&ﬁa% a
refrigerant of the high 25 stage side conpress&r 121) in the_  high
stage sidesecond rameigkr oft eharas t of 1209enindii dchabye ghasednpet atthee
sensing neans (STHLl) for sensing the tenperature of a ,
13 di schiagdapddndef rdediatnt HINI9e HPYh §h8ge SEPgEhesdHpresssegree
(121) h% the high stage side refrigerant circuit (12Q); the expansi on
val ve ¢ ntﬁ&tqgiﬂﬁg(@&ﬁn%eﬂﬁa)s@PQ(ﬁhﬁﬂ%%l5?@ gpening; off Bheumeter-
change of opening ([err] EV1l, AEV21) based on 5 the higE ressure in the
| ow st age SARRrated iqy@easion vadive (EVL1,18¥A2)103BfFhechigh stevs $desnd
amount of change of opening | [err] EV2) based on the superheating
degree sens@fmigansat cirguplr hideg9ng fet &t ngixEhns2qent apd
change t he
change of opening (AEV1l, AEV2l) and the second amount of
change of opening {(AEV2); and a setting change means (23c}
:fb for calculating an amount of decrease of opening ( A EV5)
based on the wet state upon receipt of the wet state signal
from the wet state detecting means {22a) and then changing
the setting of the expansion valve control means (16) so that
the expansion valve control means {16) changes the opening of
-f5 the motor-operated expansion valve (EVL1l, EVL2) based on the
first amount of change of opening { AEV11l, AEV2l) and the
second amount of change of opening (AEV2) and additionally
the amount of decrease of opening (AEVS).
With this arrangement, the opening of the motor-
.20 operated expansion valve (EVL1l, EVL2) of the high stage side
refrigerant circuit (120) is changed in principle based on
the first amount of change of opening ( A EVil, A EV21)
calculated based on the high pressure in the low stage side
refrigerant circuit (103A, 103B) and the second amount of
25 <change of opening ( A EV2) calculated based on the

superheating degree of the suction gas in the high stage side

refrigerant circuit (120). When the suction gas of the high



obening of the notor-operated expansion valve (EVL1, EVL2) of 10 the high

stage side refrigerant circuit (120) based on the first anmount of
change of opening ([err] EV11, [err] EV21) and the second anount of
change of opening ( A EV2); and a setting change means (23c) for

cal cul ati ng an anmount of increase of opening ( [err] EV4) based on the

tenperature sensed by the 15 discharge gas tenperature sensing nea
(STH1) wheftage Sldeseﬁ*@%?%?ﬁ%ré@agé i 55 eddfal 3t oY M\Fﬁ't&%n’ the
predeterm ned | tengerature and then changing the settin OfX%? . !
expansi on openipg ¢ &6Rt RekorEARRr2leY SHPAFHOR V@ [ #epdfdion ¥ g ¢8nt r ol
means (16) changes the opening of the notor-operated 20 expansion

val ve (EVLkhadger) Yremsatl om the first amount off ChanQﬁmﬁ@eOBPnb%@nﬂdg

([err] EV11, AEVZég and the second anount of change of opening ( [err]
EV2) and adWll,oraEVZ21t hendntbet second amousteage chBNggeitn@PERRg] ).

Wth this arrangenent, the opening of the npbtor- 25 operated expansign

val ve (BVLEVRVL2xceptipeahiyh corggelediias the agpounder @fit TREATE (220) is
changed in principle based on the first amount of change of opening

( [err] EVkbpenirer r{AEV21)based on the wet state.

cal cul ated based on the high pressure in the | ow stage side | )
refrigerant cirButenthoBaveniodn) dhdanremesont bt fdast invention,

wherein the system further comprises an opening change means
(22d) for sensing the opening of the motor-operated expansion '

10 valve {12) and causing the expansion valve control means (16)
to change the amount of change of opening according to the
sensed opening to increase the amount of change of opening
when the opening is large or decrease the amount of change of
opening when the opening is small.

15 With this arrangement, the amount of change of opening
is reset at a relatively large value when the opening of the
motor-operated expansion valve (12) is large, or reset at a
relatively small value when the opening of the motor-operated
expansion wvalve (12) is small. This results in preventing

20 the motor-operated expansion valve (12) from being
excessively opened and closed.

An eleventh invention is concerned with the first
invention, wherein the system further comprises: an
accumulator {24) provided between the refrigerant heat

25 exchanger (5) and the suction side of the high stage side
compressor (18) in the high stage side refrigerant circuit

{3); and an opening change means (22d} for sensing a change



change of opening ( [err] EV2) calcul ated based on the

super heati ng degree of the suction gas in the high stage side

refrigerant «circuit (120). Wwen the tenperature of the

di scharge gas of the high stage side cqfgpressor (121) is equal to or
above the predeterm ned tenperature, the opening of the notor-operated
expansion valve (EVL1, EVL2) is changed based on the first %nnunt of
change of d&pefibggopepéng] oEvihe meteT-oneratam Bxrafifd ahdaddgodd4andlift of
change of opening & [err] EV2) exceptional ly considering the apount '
of increas@aﬁﬁlﬁgeﬁ'ﬁgexpansepérﬁFEVQ)Cﬁagéaloﬁeﬁﬁé ﬂlﬁbeFatGgéHSF Fgg

di scharge gas. A ninth invention is concerned with the first

i nvent i on, amountwied; elhangse ofy saning BFCOrdRgr itoedncxeagpdARESRFRgLBegr e
15 detecting neans (27) for sensing the superheating degree of a

suction gasheef segsedntoraning: Koghdecrgessi ddeconppbiorof changel)ofn the
hi gh stage side refrigerant circuit (120); a di scharge gas tenperature
sensi ngdmeapenistHhehothee ppendng is timereasper atudacsragedtbeharngbngas of
the high stage side 20 conpressor (121) in the high stage side refrigerant
circuit of (chz@ge afwepeningewherethe nopeming ¥ HOcHemsedet er ni ni ng

whet her the suction gas refrigerant of the high stage side conpr essor
(121) in the hi ghith atelsi derargenentanthei proprt of chapgy p§ PRealRgt
state based on preset determ nation 25 conditions and outputting a

pr edet er m red nestetstadt @ siggrdlively smedd detlaet Woenothenhepgredngt &fethehe
expansi on val ve control nmeans (16) being set to calculate a first
amount of oldnge-opferated expansion valve (12) is increased, or reset at

10 a relatively large wvalue when the opening of the motor-
operated expansion valve (12) is decreased. This results in
preventing excessive liquid storage in the accumulator (24).

A twelfth invention 1is concerned with the first
invention, wherein the refrigerant heat exchanger 1is

15  constituted by a plate-type heat exchanger (5).

With this arrangement, since the plate-type heat
exchanger has a characteristic of difficulty in providing
superheat to the refrigerant at the outlet thereof, the
effects of the first invention can be remarkably shown.

20 As seen from the above, according to the first
invention, since the motor-operated expansion valve of the
high stage side refrigerant circuit is controlled so that the
high pressure in the low stage side refrigerant circuit
reaches the predetermined target high pressure, operation of

25 the high stage side refrigerant circuit can be directly
controlled in accordance with operating conditions of the low

stage side refrigerant circuit thereby improving operational



opening ( [err] EV11, [err] EV21) based on the high pressure in the

| ow stage side refrigerant circuit (103A, 103B), calculate a second
amount of change of opening ( A EV2) based on the super heati ng
degree sensed by the superheating degre¢8 5 detecting neans (27) and
change the opening of the notor- oper at ed expansi on valve (EVL1, EVL2)

of the high stage side refrigerant circul 120 based on th

first ; anotifepoBpivenessnofgethy gb%?\i ﬁ&a@FerSrﬁC{?\/lé?gf}e?ﬁﬁfz1f15ﬁldl§he

second anount of change of opening ([err] .EV2); and a setting change
%ﬂﬁ &chéggenﬁpqoﬁgﬁ

means (23cFurtberiorsingeuitdd nflah MAHUGH 989 PrACEVS)
based on the wet state upon receipt of the wet state romthe

: . ! . si gpal
wet state defdgemgheandrtCpdh) A8 then ehaAGFRY adjugﬁ%dSet?inélg "t he
expansi on val ve control nmeans (16) so that t he expansion _val ve control
means (16) eff464€8CheCcHPeMingOREIaidn  RaNndorPEPELETEd EXPERETBRTGal ve
(EVL1, EVL2) based on the first amount of change of openin ,g err]
EVil, [Brrsimgeithenbiohestage sidericeiiianandt Crsigé &‘ﬁ%fz@ﬁﬁ%@ EpeYr]
EV2) and additionally t he amount of decrease of opening ([err] EV5).
Wth this foldogensnt an hebop@si ngoad t¢handn opt  dheopkivat &Fad€paisfien
valve (EVL1, EVL2) of the high stage side refrigerant circuit élZO) S
changed i n nefinigepratbadagudn, unsuifabilier apahduen AT chhpgRrereEhékPng (
[err] EV11, [err] EV21)
device of the low stage side refrigerant circuit can be
obviated. Particularly for the so-called multi-system formed '
10 by composing the low stage side refrigerant circuitry of a
plurality of pipelines, the load variation of the low stage
side refrigerant circuit is extremely large and therefore the
effects of the present invention can be exerted more
remarkably.
15 According to the second invention, since the target
high pressure is adequately set based on the temperature of
the substance to be cooled, the high pressure in the low
stage side refrigerant circuit can be set adequately in
accordance with load variations to improve the efficiency of
20 the system even if the temperature in the cold storage has
extremely risen as caused, for example, at the shipping and
receipt of goods or after defrosting. Further, even if the
load is changed depending upon the type of the substance to
be cooled, for example, even if the in-storage temperature
25 setting to the cold storage is changed depending upon the

type of goods therein, the target high pressure can be set

adequately. This enables high-efficiency operation.



cal cul ated based on the high pressure in the | ow stage side

refrigerant circuit (103A, 103B) and the second ampbunt of 25 change of
openi ng ( [err] EV2) calcul ated based on the super heati ng
degree of the suction gas in the high sttgge side refrigerant circuit
(120). Wen the suction gas of the high

16 st age si de conpressor (121), is.,in a wet conditiagn, the eni ng
of the not or - opd¥eodd p&ﬁsﬁ&ﬁ $§P€€ GEVE?tlEVLZ?Vﬁg it th@héﬁﬁeﬁtﬁﬁ ed on
the first anount of change of opening errL EV11, err]EV21) and t he *
second anofiAfl€ofeéRaAgE2BE EpERilthg ?PﬁrFFmaS a@%@)ln%&%%%ﬁ¢oh%li9a

consi deri ng the anount of_ decrease opening ([err] based on
the wet st&p@sed, for eyamphen whvéntnftﬁm ega%ﬁ%%egaw tiirqeﬁee i r e

i nventi on, wherein the system further_conprises an openi ng, change

nmeans tergef fBiBerRieRFURe dPenfhy oloWhestasior Sdger are8r &gpBaat on

10 valye (12) and causing the expansion valve control neans (16) to
change ?he CAFSUAL of€a@harife ofebperfguatedrdi A§ t @ t hauitablgeng@buepeni ng
to increase the anount of change of opening when the opening is |arge
or decreas@ccrEdarglkt ofhehahgehof pressuspening Ghen ipe opbavag sidemml |l .
15 Wth this arrangenent, the anount of change of opening S
reset at aredrigevany rargeivarae bpeheifeabpEhpngustakbhe value at any

mot or - oper at ed expansi on valve (12) is |large, or reset at a
time thereby improving the eff1c1ency of the system.

According to the fourth invention, since the target '
10 high pressure is set based on the temperature of the
substance to be cooled when the operation is in a transient
state or set based on the low pressure in the low stage side
refrigerant circuit when the operation is steady, this
prevents the target high pressure from abruptly changing when
15 the operation is in a transient state and therefore provides
stable operation.

According to the fifth or sixth invention, since the
motor-operated expansion valve is controlled alsc considering
the superheating degree of the suction gas in the high stage

20 side refrigerant circuit, the high pressure in the low stage
side refrigerant circuit can be held at a suitable wvalue
while protecting the high stage side compressor in the high
stage side refrigerant circuit even under severe service
conditions, such as when the evaporator has excessively

25 frosted.

According to the seventh invention, even if the

temperature of the discharge gas of the low stage side



relatively small val ue when the opening of the notor-operated

expansion valve (12) is small. This results in preventing 20 the

not or - oper at ed expansi on val ve (12) from being excessively
opened -and cl osed. An el event 120i nvention is concerned with the
first I nvention, wherein the system further conprises: an

Qanger

accumul ator _(24) provi ded betweeﬁyéthe ref%Lge%%gz heat %ﬁilgéﬁln Phe

(5) and t hEOTRCESEATs| BRS ofP RIS SHiIVGH Vst HYRr 3 ohpY e

hi gh stage side refrigerant circuit 3).;. and an openi ng change, neans
(ng) fo? é%%ﬂﬂqﬁisﬁrcﬁéﬁﬁb be protected( )ﬁhere Yy eghancfhg sgfyem in

t he openi ng of the notor-operated expansion valve (12) and causi ng the
expansi on FRAé@ddAt¥ol means (16) to change the anmount of change of

openi ng according to increase/ decease in the sensed opening,fo crease
t he anount of c@%ﬂﬁ?@ﬁnQS EPenth§ weddhthe JPeEnTgPs | W%%seﬁ£orgge

i ncreasg the anount of change of openi ng when .t he openi s
decr eas8d. temperaturewyef thies 4fFarEFRNI2St het afdifnt Bo hcféil??d%e ofi8Beni ng

is reset at a relatively small val ue when the openiqg f the .
Mot or - oper FABPLOEFA s 7S v ERFESEITRLY s Inceessdd, rg§€%zﬁtaQ% gide
relatively |l arge val ue when the opening of the nmptor- Qgerated
expansi on \GEMEESEEOF | Cecr BEseProfficdefesfiierely enbancing  system

reliability.
According to the ninth invention, since liquid back of '
0 the high stage side compressor can be obviated even in a
transient operating state or under severe service conditions,
this enhances system reliability.
According to the tenth invention, since the amount of
change of opening of the motor-operated expansion valve is
15 changed according to the opening, this prevents the motor-
operated expansion valve from being excessively opened and
closed resulting in facilitating implementation of stable
control.
According to the eleventh invention, since the opening
20 change of the motor-operated expansion wvalve 1s made
relatively slowly for control in its opening direction or
made relatively rapidly for control in its closing direction,
this prevents excessive liquid storage into the accumulator
resulting in facilitating implementation of stable control.
25 According to the twelfth invention, since the
refrigerant heat exchanger 1is constituted by a plate-type

heat exchanger, the effects of the first invention can be



p?eventing

excessive liquid storage in the accunul ator (24).

twelfth invention is concerned wwth the first i nvention, wherein
refrigerant heat exchanger is 15 constituted by a plate-type heat
exchanger (5). Wth this arragenent, since the plate-type heat

exchanger

has a characteristic of difficulty in providing

the refrigerant at the outlet thereof, the effects of the first
i nventi on EXSTEEY BRERKEBRITEADWA: 20 As seen from the above,

accordi ng

to the first i nvention, since the notor-operated

expansi on val ve of the hi gh stage side refrigerant circuit is

control |l ed
circuit

so that the high pressure in the | ow stage side refrige
Brief, Dessrintippcabt RF#HHREF t ar get hi gh pressure, operation

25 the high stage side refrigerant circuit can be directly
controlled in acEeftktcd with dpetadLad cSREWEPENstRE tHeUWre ©fstdge
side refrigerant circuit thereby inproving operational .

18 Pespefsiigerasdngr syRESRi fRCRERI stde rfdistyampedizentyi ¢ .
Further, since the high pressure in the | ow stage side refrigerant
circuit can be dFi®endy2adigstad diadhiagh- showipdf i Bhenc§toudiub®y Sfer &tion

can be provided. Furthernmore, 5 since the high sta

: . [ (fe side refrigerant
circuit cafrafmisgratdng systemopeerding de dbrigfond GHPOGRESGE - of the
si de

| ow stage

10

15

20

25

Figure 3 is a graph showing the target high pressure
based on the in-storage temperature.

Figure 4 is a graph showing the target high pressure
based on the equivalent saturation temperature for the low
pressure in a low stage side refrigerant circuit.

Figure 5 is a flow chart of control over an expansion
valve according to the second embodiment.

Figure 6 is a diagram showing the structure of a
refrigerating system according to a third embodiment.

Figure 7 is a flow chart of control over an expansion
valve according to the third embodiment.

Figure 8 is a refrigerant circuit diagram showing part
of a refrigerating system according to a fourth embodiment.

Figure 9 is another refrigerant circuit diagram showing
part of the refrigerating system according to the fourth
embodiment.

Figure 10 is a block diagram, of an expansion wvalve
control section according to the fourth embodiment.

Figure 11 is part of a flow chart of control over an

expansion valve according to the fourth embodiment.

A
t he

super heat to

r ant
of



refrigerant circuit, unsuitable operation of the protective devi ce of

the | ow stage side refrigerant circuit can be obvi ated. Particularly
for the so-called multi-systemforned 10 by conposing the | ow stage side
refrigerant circuitry of a plurality2of pipelines, the |oad variation
of the | ow stage side refrigerant circuit is extrenely |arge and

therefore the .effects of the present, i nyenti op. can _bpe gxerted
remarkably. 15 Figure A% obg)i #Pt e?kﬁ?%%c%¥d9$ﬁvg% Voﬁgargiﬂ%eCPHgB%grget
hi gh pressure is_adequately set.based on’the tenperature.of . th

subst ance LYFe '8P H?nﬁﬁénhVﬁ%V%r%%%ﬁﬁ%99QI?%QRV%%%ur%h §P8881?FB§-
refrigerant circuit can_be set adequately in cordance with |.oad
variations to i mfprPWEe t A8 etfi @ eAegIsprm Zﬁlqvﬁe“%yggém By not 4
tenperature in the cold storage has extrenely risen as caused, for
exanpl e, atCaWendArpsingeaRgIcTating RY$HEe™Bf goods or after defrosting.
Further _ even if the | oad i s changed dependi ng upon the type of the
subst an€e to be cool ed, for exanple, even if the in-storage
tenperature 25 setting to the cold storage is changed dependi ng upon the
type of godest Meods fort RAarr¥ipgtOpF gHher YRRt ®Un be set adequat el y.

Thi s enabl es high-efficiency operation. \ , ,
19 ereinafter,” embodiments of the present invention will

be described with reference to the drawings.
<First Embodiment>

10 As shown in Figure 1, a refrigerating system (1)
according to a first embodiment is a so-called binary
refrigerating system provided in a cold storage, and includes
a low stage side refrigerant circuit (2) and a high stage
side refrigerant circuit (3).

15 The low stage side refrigerant circuit (2) is formed by
connecting a low stage side compressor {4), a cascade
condenser (B} as a refrigerant heat exchanger, a low stage
side receiver (6), a low stage side expansion wvalwve (7} and
an evaporator (8) for cooling the in-storage air in this

20 order. The low stage side expansion valve (7} is constituted
by a temperature-sensitive expansion valve. A temperature
sensing bulb (14) connected to the low stage side expansion
valve (7) is fixed to part of a refrigerant pipe located
between the evaporator (8) and the low stage side compressor

25 (4) and in the vicinity of the evaporator ({8). The cascade
condenser (5} is éonstituted by a plate-type heat exchanger

formed by laminating a large number of heat-transfer plates.



According to the third invention, even if the | ow stage si de
refrigerant circuit has remarkably increased in | oad as caused, for
exanpl e, when the evaporator has frosted, the target high pressure in
the | ow stage side refrigerant 5 circuiZ8 can be set adequately at a
sui t abl e val ue. Accordingly, the high pressure in the | ow stage side
refrigerant circuit can_be held at the suitable valx? at n% tiae
thereby i nBesvess tHe el PV ciSdRdR ol AheCHRIGHTOL and Ather G285205 t he
fourth invention, since the target 10 high pressure . is set bgsed on the

t enper at ur €opRepger (5) , sabBiGATRIEDSHES TRIRF WiRtEHZ hd SopEPAEA6H S Pn a
transi ent ) state or set based on the |ow pressure |n the | ow stage side
ref ri ger anthigh-BressiEen seRs1ogePsERsn tPE SEBE4DY thPsnidh PRREFBAEs Phe
target high pressure fromabruptly changing when 15 the operation is in a
transi ent dihet doaxhdtager sidperpfoigasant cirqiidh @loperati on.

According to the fifth or sixth invention, since the not or - oper at ed
expansi 8n val ve Tke chBagholstagealsdslec sifirdganagt cingdtsupdr ndat fRG™8Egr ee
of the suction gas in the high stage 20 side refrigerant circuit, the

hi gh pressire ¢onndrtingy athigh stagej gédeeFPrRERaRL cilPeui 8 CRRISBSRE| d at
a suitabl e val ue whil e protecting the high stage side conpressqr in
the high (10)st age hdighe $tdge gaidat recedver eldh undehisdy efbager giide
conditions, such as when the evaporator has excessively 25 frosted.
Accor di ng texpdre isayenahve nuddti ofprratnoff & hmotor—opérated expansion

valve and the cascade condenser (5) in this order.

10 The refrigerating system (1) includes a controller (17)
having a low stage side high pressure detecting section (15)
and an expansion valve control section (16). The low stage
side high pressure detecting section (15) is connected to the
high-pressure sensor (SPH2) and arranged to receive a

15 pressure sensed by the high-pressure sensor (SPH2). The
expansion valve control section (16) is connected to the low
stage side high pressure detecting section (15) and arranged
to determine the amount of change of the opening of the high
stage side expansion valve (12) based on the pressure sensed

20 by the high-pressure sensor (SPH2) so that the sensed
pressure reaches a predetermined target high pressure and
then output a pulse signal corresponding to the amount of
change of the opening to the high stage side expansion valve
(12} .

25 In this refrigerating system (1), the low stage side
compressor {4) and the high stage side compressor (9} are

concurrently started up to concurrently operate both the low



ténperature of the discharge gas of the | ow stage side

20 conpressor has excessively increased, the | ow stage side

conpressor can be protected thereby enhanci ng system reliability.

According to the eighth invention, even24f the 5 tenperature of the

di scharge gas of the high stage side conpressor has excessively

I ncreased, the high stage side ressor rotect ed &hereby
o joe

enhanci ng Ségpgeemide r?@ﬂ%%ﬂﬁﬁﬁﬁ)ﬁerJ¥% (2) ﬂB@oF&?n

i nvention, since liquid back of 10 the high stage side co
obvi at ed evefrigesant cirgmibi 4ai - oEB?aFPﬁﬁlg?éﬁ% o?lﬁﬂﬂﬁ?t%
condi ti ons, t hi s enhances systemreli abi

tHe i nf

ressor can b
et ?%FQlcee

According to

the tenth itheedoWoRtagpngéde hee BREAREAT CerU15hdﬁ@eaBﬁ BB@nPhgh oft#4

mot or - oper at ed expansion valve is 15 changed according to the, openjng,

this prevemtidet heafiserant cdgspited (Slparddi orFNfal NS ortbei 1y

excessi vel y opened and closed resulting in faC|I|tat|ng nglenentatlon
1%

of stabPe convepsippsl. refrigeratipgcdvditied tahd hherefRm n

APFLPR

since the opening 20 change of the notor-operated expansion valve

is made thereof will be omitted.
Next, control over the expansion valve

refrigerating system (1) will be described.

of the

In this

embodiment, the setting temperature in the storage in which '

10 the refrigerating system (1) is installed is kept at a

15

20

25

certain temperature (ex., -20°C) predetermined. In other
words, the refrigerating system {1) carries out a
refrigerating operation to keep the temperature in the
storage at -20°C. Specifically, the expansion valve control
section (18) effects control so that the high pressure in the
low stage side refrigerant circuit {2) reaches a
predetermined target high pressure (for example, a value of
equivalent saturated pressure for a saturation temperature of
15°C) .

More specifically, the low stage side high pressure
detecting section (15) of the controller (17) receives the
sensed pressure from the high-pressure sensor (SPH2)} at
regqular intervals (for example, at every 10 seconds) and then
outputs the received value to the expansion wvalve control
section (16)}. The expansion valve control section (16)
determines, based on the high pressure in the low stage side

refrigerant circuit (2), the opening of the high stage side



rélatively slowy for control in its opening direction or made

relatively rapidly for control in its closing direction, this prevents
excessive liquid storage into the accunul at or resulting in
facilitating inplementation of stable c@&trol. 25 According to the
twelfth invention, since the refrigerant heat exchanger is
constituted by a plate-type . heat exchanger, the effects of the first

i nventi on €%Rapgeion valve (12) in the following manner. o9 exerted nore

remar kabl y. Brief Description of Drawings , Figure 1 (s a
di agr am showi ng el st¥tcagsenest hat th%f??ﬁ&%t%lhgt%twrgc%? dhePto a
first enbodi nent. . Figure 2 is a diagram show ng the structure of
a r ef PEGSBHERNGL Sy SEBALAC Y dithE (I RHSHTRILEhOSARRt . (SPH2)  at
Figure 3 is a graph showing the target high pressure based on the
in-storagerﬁﬁﬁgéFaﬂHFéFvalﬁ are repreRpRted iy dvgrafhs showrR§PERELYEE Yet
hi gh prgssure based on the equivalent saturation tenperature for the
| ow prassufFle negui v eittagsadiugatien, i Gereewatyyeyi tfor the highjgyre
5is a flowchart of control over an expansion val ve according to the
second enb®diessnres 1R the l@wggkagee sidlea wifadusmanshGdineyit he2) at
structure of a

the points in time ty-1 and ty are represented by Tw-1 and Tex

{°C), respectively, variances in amount of control at these
points in time are €y1 = Tw-1—~15 and €y = Tww—15. Then, the

10  expansion valve control section (16) determines the amount of
change of opening (output pulse number} A EV of the high
stage side expansion valve (12) to be AEV = a&ytb{&y—En-1) .

It is to be herein noted that a and b are specified constants,
respectively. For example, with a=1, b=5, Tw-1=16°C and T

15 =17°C, the pulse number is A EV=7 and therefore the high
stage side expansion valve (12} 1is opened by 7 pulses during
10 seconds from the point in time ty-; to the point in time ty.

The control over the opening of the high stage side
expansion wvalve (12} is not limited to such PI control as

20 described above. For example, the amount of change of
opening may bé previously set in accordance with the variance

€y as shown in the below table and the control may be made
based on the set amount. That is, the variance €y in amount

of control may be previously classified into plural zones and

25 the amount of change of opening may be set stepwise in

accordance with each zone.



réfrigerating system according to a third enbodi nent. Fi gure
a flow chart of control over an expansion val ve according to the third

enbodi nent .

part 20 of a refrigerating system accof8ling to a fourth enbodi nent.

7 1is

Figure 8 is a refrigerant circuit diagram show ng

Figure 9 is another refrigerant circuit diagram show ng part of the
refrigerating systemaccording to the fourth enbodi nent .
Figure 10 is a bl ock dlagran1of an expansi on valve 25 control section
accordi ng to_rpe e mt s part-ofa flow
chart of cdnfls Q 17T ufljsgk &W?6%%DHPIQI3(§IFN§§)| v%é %@r gpﬁé”i@ tﬁglér%"urth
enbodi nent . AEV"—ZO AEV=—4 | ABV=-1 | AEV=0 | AEV=1 [22AEV=4 | AEV=80 gure 12
i s anot her part of the Tlom/chart of —contr ol Oover tne expansionh val ve
according to th fourth egbg ure 13 is a diagram
showi ng the str tﬁ?@aﬁ?n rochh%eﬁ??%%all?e¥?¢gE@ jgrrafiigremysten
Best Ngde é@r Car |nE CU%lthe | nvention Herei nafter, enbodi nents
of the"present ?+ﬁ€%t BR WP stadse siderpreansiath velve ehdd) t oft ke
dr awi ngs. <Fi rst Enbodi nent >
high stage side refrigerant circuit (3) is constituted by the
motor-operated expansion valve and the opening of the high
stage side expansion valve (12) is controlled so that the
high pressure in the low stage side refrigerant circuit (2)

10 reaches the target high pressure, the high stage side
refrigerant circuit (3) can be responded promptly and
correctly to the low stage side refrigerant circuit (2).

Further, though a plate-type heat exchanger generally
has a characteristic of difficulty in superheating the

15 refrigerant at the outlet thereof, the plate-type heat
exchanger used as the cascade condenser (5) in this
embodiment can provide high-efficiency operation {(operation
with a high EER) since the high stage side expansion valve
(12) is controlled based on the high pressure in the low

20 stage side refrigerant circuit (2).
<Second Embodiment>

As shown in Figure 2, a refrigerating system (la)
according to a second embodiment is formed by adding the

25 following changes to the refrigerating system (1) of the

first embodiment. Like parts as in the refrigerating system

(1) of the first embodiment are identified by similar

+



10 As showmn in Figure 1, a refrigerating system (1)
according to a first enbodinent is a so-called binary refrigerating
system provided in a cold storage, and includes a | ow stage side
refrigerant circuit (2) and a high stage7y side refrigerant circuit (3).
15 The | ow stage side refrigerant circuit (2) is formed by
connecting a |low stage side conpressor aél cascade )
condenser (Bfexence ehargetane Redt desenipbben ¢¥ﬁ@ﬁn%&ki be omdjtded.
receiver (6), a |ow stage side expansion valve (7) and an evapor at or
(8) for cooling imethhssrefagecnrting sustem20labr dehe TWaehl eWagragddsi de
expansion valve (7) is constituted by a tenperature-sensitive
expansi on \mpressRn eldr aolir $he hicdenstage balde( réfrigensvtedizeuite | ow
stage side expansion valve (7) is fixed to part of a refrigerant pipe
| ocat ed (3)betneeonshitehepobnt or coBprandorheabailst afe fyiege capamridysor
25 (4) and in the vicinity of the evaporator (8). The cascade
condens&r (®nirploonkey t exaupby, abpl ane-inysr teaaicontehangdr comprefssomsd by
| am nating a | arge nunber of heat-transfer plates.
23 BetAeethe muditierstsige sifddheonmvessmye 4idendonpresasocadd8) of
condenser (5), a high-pressure sensor (SPH2) is provided as a
hi gh- pr essuttee stogi sageasd deorresfhrigiempntthechighitpr é2bur e ilow-pressure
sensor {SPL2) is provided as a low-pressure sensing means for
sensing 'the low pressure. Further, in the storage, a
10 temperature sensor (Tx} 1is placed as a temperature sensing
means for sensing the in-storage air temperature.

The controller ({17) includes, in addition to the low
stage side high pressure detecting section ({15} and the
expansion valve control section (16), a low pressure side low

15  pressure detecting section (21), an in-storage temperature
detecting section (22) and a target high pressure setting
section (23}. The low stage side low pressure detecting
section (21) is connected to the low-pressure sensor ({SPL2)
and arranged to receive a signal corresponding to a pressure

20 sensed by the low-pressure sensor (SPL2). The in-storage
temperature detecting section (22) is connected to the
temperature sensor (Tx) and arranged to receive a signal
corresponding to a temperature sensed by the temperature
sensor (Tx). The target high pressure setting section (23) is

25 connected to the low stage side low pressure detecting

section {21) and the in-storage temperature detecting section

(22}, and arranged to adequately set a target high pressure



the | ow stage side refrigerant circuit (2). 5 The hi gh stage side

refrigerant circuit (3) is forned by connecting a high stage side
conpressor (9), a condenser (10), a high stage side receiver (11),
hi gh stage side expansi on val ve (12pgfornmed of a notor-operated

expansi on

The refrigerating system (1) includes a controller (17 having a | ow
st age sidelﬁidﬂ“br%@%u?éaﬂ%téé@?n&eéééﬂﬁéﬁnFlgﬁrCUl% d%a R g

val ve and the cascade condenser (5) in this order. 10

control section (16). The | ow stage si de high pressure detecting

section (13P% PLEFHVEE ek t Bhehdow stagegraigieseefel gerantorcirepip) (2hnd

to receive a 15 gressure sensed by the high-pressure sensor
a

arranged

(SPH2) . Thénd thecipafspsade

| ow stage side high pressure detecting section (15) and arranged

to determ Fd90fd afibtiheseendahgdoof thie opwathghdtht hereggire to sthge

si de exgansion val ve (12) based on the pressure sensed 20 by the

hi gh- pr

predet erm ned target. high pressure and t hen out put a pul se signal
cor r espondifdg§ot Prové dgdowathop transdikatgetetet Hetepthnggseotibe K234) st age
si de expansi on val ve (12). 25 In this refrigerating system
(1), the | dRrstdRfeeBridang wheldher eoperatipnaris the hi giransigmtsi dbate
conpressor (9) are concurrently started up to concurrently operate
both the | &@sed on preset determination conditions and outputting a

transient state signal or a non-transient state signal to the .

10 expansion valve control section ({16).

While the target high pressure in the low stage side
refrigerant circuit (2) is constant in the first embodiment,
the target high pressure is changed adequately based on the
in-storage temperature or the low pressure in the low stage

15  side refrigerant circuit (2) in this refrigerating system
(1a).

The target high pressure setting section (23) stores
the relation between the in-storage temperature and the
target high pressure as shown in Figure 3 and the relation

20 between the equivalent éaturation. temperature for the low
stage side low pressure and the target high pressure as shown
in Figure 4. The target high pressure setting section (23)
then sets, based on these relations, a target high pressure
following a flow chart shown in Figure 5. Specifically, in
25 step STl, the high-pressure sensor (SPH2) senses the high

ss §XPassAesr vatpepyosbrohaseehionehb®ld The pputsalieresthisis

pressure in the low stage side refrigerant circuit (2), the

low-pressure sensor (SPL2) senses the low pressure in the low

a

#5thaeii Bheval ve

QEpeRtiee ek tquwipyutlie) sbecédandcredtrolt he



24 stage side refrigerant circuit (2) and the high stage side
refrigerant circuit (3). The refrigerant circulation in both the | ow
st.age side refrigerant circuit (2) and the high stage side refrigerant
circuit (3) is the sane as in the 5 coggentional refrigerating system and
t herefore description thereof will be omtted. Next ,
control over the expansion valve of the refrigerating system
(1) will skegedeséfepedefrigerapts circugkbod?hent angheaBet epHgvalent
tenperature in the storage in which 10 the refrjgerating system (1) is
i nstal | ed SgtKeptian atemperalginayi Fcorenftt atthice high. presmirgrpod an
predet er m ned. I n ot her . Wwords, the refrigerating system (1)
carries ogQuivalent sadfynagdont itrpsyatatieonTen keep thise t@MpRrasEaRES| n
t he storage at -20[err]C. Specifically, the expansion valve control
15 sect i on are6)cadicdetedconfusthes, t bhe thuparghupe esenseri ATxhesenses| ow
st age side refrigerant circuit (2) reaches a pr edet er m ned
target Bigither deswtordys enparadure VBt ue Bext, ineghiepalsdit aed usherd
pressure for a saturation tenperature of 15[err]C. 20 Mor e
speci fical B3, thhe |oyassiapd sttt gaterebaursection déRBal i dgtevwinea (15)
of the controller (17) receives the sensed pressure fromthe
hi gh- pr essuwhetbens opersriRn dis in a rigpnalenthtatats s (FrorstesmnTe, &t
every 10 seconds) and then '

is determined whether the low stage side compressor (4) has

operated continuously for a specified period (5 minutes} or
10 more. If the low stage side compressor {(4) is in continuous
operation, the process proceeds with step ST3. If the low
stage side compressor (4) is not in continuous operation for
the specified period or more, operation is determined to be
in a transient state and the process then proceeds with step
15 S8T5. In step ST3, it is determined whether the capacity of
the high stage side compressor (18) has been substantially
constant for the specified period. If YES, operation is
determined to be in a non-transient state and the process
proceeds with step ST4. If NO, operation is determined to be
20 in a transient state and the process proceeds with step ST5.
Step ST4 is processing for determining the amount of change
of the opening in the non-transient state where operation is
steady. In this step ST4, an equivalent saturation
temperature Tcy (°C}) for a target high pressure is determined
25 to be Tcy = 0.4Ter+22. On the other hand, step ST5 is
processing for determining the amount of change of the

opening in the transient state. In step ST5, an equivalent



out puts the received value to the expansion valve control 25 section (16).
The expansi on val ve control section (16) det erm nes, based on the high
pr.essure in the | ow stage side refrigerant circuit (2), the opening of
t he hi gh stage side 30 25

expansion valve (12) in the follow ng nanner. If it is assuned
that the points in tinme when the high pressure is sensed by the

hi gh- pr essgegugatdon tSmpRyattre Tcur ddrl afont it drargled fvighr ppessuneedisby
tferr], tlerr], ..., respectively 5 and the equivalent saturation

t enper at ur 8etesPipRE Higghbe TcupresQulds+LA-t hd i obp stagdssimetedf £RgEr ant
circuit (2) at the points in time tlerr] and tN are represented by
Tlerr] and theser processipgr ipcptepespéét pndl %T5véFPaﬁéé§lﬁﬁ awbuhy §he
control at these points in time are [err] T[err]-15 and %err]
Tlerr]-15. thrget thigh mressyransiehtirg veeeimn 0(2%)ectT1@)$ﬂ»( 16hed asgatnes

t he anount of change of opening (output pulse number) A EV of the high

st age sPdehdgbanginessuaeye ig12 aloubetpdr r fEm= pékhpr. one of i thesebe
herein noted that a and b are specified constants, respectively. For
exanpl e, widduiaalenkti= Eatﬁ@amapnl&p@per@tamdsTmNu415(>Fi7aﬁérth€reafberpulse
nunber is A EV=7 and therefore the high stage side expansion valve
(12) is opédmedhsy sampupsssedupsnih the firsfecmhesiimest,t fbeporaring efne
t[err] to the point intime t[err].

the high stage side expansion valve {12) is adjusted so that

the high pressure in the low stage side refrigerant circuit

10 {2} reaches the target high pressure.

As apparent from the above, according to the second
embodiment, the high pressure in the low stage side
refrigerant circuit (2} can be suitably controlled in a wide
range of operating conditions including pull-down operation

15 for decreasing the in-storage temperature. Further, even if
the evaporator (8) has frosted to reduce the low pressure in
the low stage side refrigerant circuit (2), the high pressure
in the low stage side refrigerant circuit (2) can be kept at
a suitable wvalue.

20
<Third Embodiment>

A refrigerating system (1b}) according to a third
embodiment shown in Figure 6 is also formed by adding some
changes to the refrigerating system (1) of the first

25 embodiment. Like parts as in the first embodiment are

identified by similar reference characters and description

thereof will be omitted.



The control over the openi ng of the high stage side expansi on val ve

(12) is not limted to such PI control as 20 described above. For
exanple, the anmount of change of opening may be previously set in
accordance with the variance [err] 3as shown in the below table and the
control may be nade based on the set anobunt. That is, the variance
[err] in anmount of control may be previously classified into plural

zones and 25 the dbenrebfigemaginofsypesm nflivey bee Bigh stepsi sédejn
accordance with each zone. . ‘ ' .26
[err]<-17 compresspz- 1(18)10p€r £he- dighg[sragec3sidg| spfrkgeran| eirFeil
17[err] [err]EV=-20 [err]EV=-4 [err]EV=-1 [err] EV=0 [err] EV=1
[err] EV=4 (Ferk§ vegtituted by aAcomppesser Capapitecfibdvee careRaty
refrigerating system 5 (1), since the high stage side expansion valve
(12) of theontrol.hilgh theagdogiadge, r ef tiegpezatusier sensot3XTks &8npiLreaded by
t he not or - oper at ed expansi on valve and the opening of the high
st age sPde faxpasehenngal the ( iRy sitoregnt ralt edesperagurehe In  thehj ghpe
pressure in the | ow stage side refrigerant circuit (2) 10 reaches the
target hi dlocairess omr éhe - shetibhgbidstafethailliegh stageefsiidgecampresseni t
(3) can be responded pronptly and correctly to the | ow stage side
refrigerant{Ifl)r caff tt@)high stage sidertraérigehmuighchrelbl e{3ypeahdaw-
exchanger generally
pressure sensor (SPL1l) is provided as a low-pressure sensing
means for sensing the low pressure in the high stage side
10 refrigerant circuit (3). An accumulator (24) 1is provided
between the cascade condenser (5) and the high stage side
compressor (18). In the pipe between the cascade condenser
{(6) and the accumulator (24), a temperature sensor (STLl} is
fixed for sensing the temperature of a refrigerant in the
15 pipe.

The controller (17) includes, in addition to the low
stage side high pressure detecting section (15) and the
expansion valve control section {16}, an in-storage
temperature detecting section (22), a target high pressure

20 setting section (23} and a superheating degree detecting
section {27). The in-storage temperature detecting section
(22) is connected to the temperature sensor {Tx) and arranged
to receive a detection signal of the temperature sensor {(Tx).
The target high pressure setting section (23) is connected to
25 the in-storage temperature detecting section {22} and

arranged to set the target high pressure in the low stage

side refrigerant circuit {2) based on the in-storage



has a characteristic of difficulty in superheating the 15 refrigerant at
the outlet thereof, the plate-type heat exchanger used as the
cascade condenser (5) in this enbodi ment can provi de high-efficiency
operation (operation with a high EE3 since the high stage side
expansi on val ve (12) is controlled based on the high pressure in the
low 20 stage side refrigerant circuit (2). . _<Second Enbodi nent >
As shown i rFemRpREEULe g Bafk i gebaPlRg s§st edPEthiied  cudsidi ng stignal
second enbodi nent is forned bg adding the 25 follow ng changes to the
refri ger at igRFrospoadingl)tef thae targets ivigh amrsiurtto Ltke sxpe®sdon n
the refrigerating system (1) of the first enbodi nent are identified by
sinm|ar valve control section {16). The superldating degfreceniedecttangct ers
and description thereof will be omtted. In this refrigerating
syst em (| a)geatieorhi (R7)st hgecohdected teofrpeedoor-pte8yuve tskashirgh 8Pldge
side refrigerant circuit (3) is constituted by a conpressor capabl e of
free caPaciand 5tbent roéppématusenplsensby an{S$Thart er apdnt rdétect . the
conpr essor. At the suction side of the | ow stage side conpressor (18)
of t hesupmrhstadgassichynesf rdfyex asttctiougas (2, thel biwhr essgee side
sensor (SPL2) is provided as a | ow pressure sensing neans for
refrigerant circuit {(3) based on the low pressure in the high
stage side refrigerant circuit (3}, which has been sensed by
the low-pressure sensor (SPL1), and the suction gas
10 temperature of the high stage side compressor (18), which has
been sensed by the temperature sensor (STL1). The
superheating degree detecting section (27) then outputs a
specified detection signal corresponding to the superheating
degree of the suction gas. The expansion wvalve control
15  section (16) is connected to the low stage side high pressure
detecting section (15), the target high pressure setting
section (23) and the superheating degree detecting section
(27) and determines the amount of control of the opening of
the high stage side expansion valve (12}. The expansion wvalve
20 control section (16) is further arranged to calculate a first

amount of change of opening A EVl based on the detection
signal from the low stage side high pressure detecting
section (15) and the control signal from the target high
pressure setting section (23), calculate a second amount of
25 change of opening AEV2 based on the detection signal from
the superheating degree detecting section (27) and change the

opening of the high stage side expansion wvalve {12} in



éensing the low pressure. Further, in the storage, a 10
tenperature sensor (Tx) is placed as a tenperature sensing nmeans for
sensing the in-storage air tenperature. The controller (17)
i ncludes, in addition tao the | ow s3hge side high pressure detecting
section (15) and the expansi on val ve control section (16), a | ow
pressure side low 15 pressure detecting section 21), an in-storage
t enper at ur@ccordanged g€t thgtiectreal (20 ahd thet figst mmphndr & fhandqting |
section (23). The | ow stage side | ow pressure detecting section ;
(21) is conbeepaenting AR¥L| sndpthe sseeondmyeruntspI2 change afdorenanged to
receive a signal corresponding to a pressure 20 sensed by the
| ow pr essuE®2 sefserconigmiler (Iffie iisnfyrshageprovidedmpbihtareddtats ng
section (22) is connected to the tenperature sensor (Tx) and arranged
to recei vedatetghag sectiewnr(@8pbndpig dedeamiaipar abgtbegsetded Hickinn
t enperat ure sensor (Tx). The target high pressure setting section (23)
is 2505 cogascrefirigeranheot | the bighyestagelesidoveonpressaar (18t da iivy
section (21) and the in-storage tenperature detecting section (22),
and arrangedweb atiet@atedyostpubting getspeghiindsnir estate signal upon
28 in the |ow stage side refrigerant circuit (2) based on the | ow
pressure ideteetiow of dfee siate steftel godant setkényt cii@ge section (22b)
for changing the setting of the expansion wvalwve control
section ({16} depending upon the wet state. Furthermore, the
10  controller (17) is provided with an opening change section
{22d) for changing the amount of change of opening in
accordance with the opening or the change of the opening of
the high stage side expansion valve (12}.
The target high pressure in the low stage side
18  refrigerant circuit (2) is determined based on the in-storage

temperature in the same manner as in the second embodiment.
The amount of change of opening AEV of the high stage side
expansion valve (12) is determined following a flow chart
shown in Figure 7.

20 Specifically, first in step ST1l, the low stage side
high pressure detecting section (15) receives a detection
signal of the high-pressure sensor (SPH2}, the in-storage
temperature sensor (22) receives a detection signal of the
temperature sensor (Tx), the superheating degree detecting

25 section (27) receives detection signals of the temperature
sensor (8TL1l) and the low-pressure sensor (SPLl), and from

these detection signals, an equivalent saturation temperature



and the in-storage tenperature and output a specified control si gnal
corresponding to the target high pressure to the 5 expansion val ve

control section (16). The controller (17) is al so provided with a
transient state detecting section (23a) 34 for determ ning whet her
operation is in a transient state based on preset determ nation

condi tions_and outputting a transient state signal or a non-transient
state si gnafrt &Othe? Eéggxé&ﬁ@ﬁ@ﬁevdﬂVetbén@ﬂM stardg opidesyrefrigerant
Wil e the target high pressure in the | ow stage side refrigerant
circuit (2Fir&uébnsidht iah t hB-FLpseIentommeemture Txthean acgui vhilght
pressure is chan%ed adequat el y based on the i n-storage tenperature or
the | ow pr 88&UFratiipnt Hemrptadigge Tas far da rkiw | pepaserei dauithe (Righin
this refrigerating system_ (la). ) The target high pressure
setting seétrdf (Zdfdest gedyigeranthecisruiton (Bet weed t he Buckiorageas
tenpera#ure and the t ar get high gressure as shown in Figure 3 and the
rel ati on Zenpgeehuss (Ife dgui Vg ehigBatsdests onldenpefaigeratior cihoulbw
stage side | ow pressure and the target high pressure as shown in
Figure 4. TRé B&pgdhPHEgh pressure setting section (23) then sets,
based on these relations, a target high pressure followng a flow
chart shown in R&jife Be Dpmeess rageeds whth step 112 thechlghlatessure
sensor (SPH2) senses the high ressure in the | ow stage side

refri geran® &uberheating degree SH| B essarionsarasorig Ste) highsesaghe | ow
pressure in the | ow :

side refrigerant circuit (3), a target high pressure Tcy in

10  the low stage side refrigerant circuit (2) and a variance €
in high pressures of the low stage side refrigerant circuit
{2) (hereinafter, referred to as a low stage side high
pressure variance}.

Then, the process proceeds with step ST13 to determine

15  the first amount of change of opening A EV1 in accordance
with the low stage side high pressure variance & . Next, the
process proceeds with step ST14 to determine the second
amount of change of opening A EV2 in accordance with the
superheating degree of the suction gas in the high stage side

20 refrigerant circuit (3).

Next, in step ST15, it 1is determined whether the
suction gas in the high stage side refrigerant circuit (3) is
in a wet state. More specifically, determination of whether
it be in a wet state 1is made based on whether the

25 superheating degree of the high stage side suction gas is
smaller than a predetermined temperature (5°C ). If the

superheating degree of the suction gas is 5°C or larger, it



29 stage side refrigerant circuit (2), and an equivalent
saturation tenperature TCL for the high pressure and an equi val ent
saturation tenperature TeL for the | ow pressure are cal cul at ed.
Further, the tenperature sensor (Tx) semges 5 the in-storage tenperature
Tx. Next, in step ST2 and step ST3, the transient state detecting
section (23a) determ nes whet her operation is in a transient state.
In step STZs idetermined ddwadr ihtedumtdonegashd sl owtstige siede sdahsr édslor
(4) has operated continuously for a specified period (5 mnutes) or
10 nore. Ithe prdasssspeesidde WwidhpsdepoSTIS). On ithecownitmagys 1f the
operation, the process proceeds with step ST3. |If the | ow stagg si de
conpr essor iertraiding nieeid bushopstetian §os is smébkespebiuhi 8dCperi od
or nore, operation is determned to be in a transient state and the
process t hdtherswekedsn wah s$sedetabmisd8. tbnbet ém ST3yett statdetadmthed
whet her the capacity of the high stage side conpressor (18) has been
subst andi alpnpcess ¢onsteads f eithhestppci $T26. pekn oktdd YIS 6,0pdrtat iden is
determned to be in a non-transient state and the process pr oceeds

W th step Skteddindd whedhati dhei vatleeeofi teel fiorde arROint wia dhaage erft
state and the process proceeds with step ST5. Step ST4 is processing
for deter mondigiddeA @vouitls @ositdnge i.e.,0bvhkhBeopehinFirgtt BRount of

non-transi ent state where operation is

change of opening A EV1 based on the low stage side high
pressure variance &€ is an amount of control in a direction
10 to open the high stage side expansion wvalve (12). If the
result of this determination is YES, the process proceeds
with step ST17, resets AEV1 at zero and then proceeds with
step ST18. That is, the amount of change of opening is set
based on the second amount of change of opening alone. It is
15  to be noted that these processing in steps ST16 and ST17 are
carried out by the setting change section (22b). On the other
hand, if the determination result in step ST1l6 is NO, the

process proceeds directly with step ST18.
In step ST18, the total sum AEVgy of AEV1 and AEV2 is
20 calculated. Then, the process proceeds with step ST19 to
reset the amount of change of opening AEV in accordance with
the opening of the high stage side expansion.valve {12). In
this embodiment, the high stage side expansion valve (12)
comes into a full-closed position when the output pulse
25 number is 0 and comes into a full-open position when the
output pulse number is 2000. The opening 1is changed in

accordance with the output pulse number of 0 through 2000.



steady. In this step ST4, an equival ent saturation
tenperature Tc[err] ([err]C for a target high pressure is determned 25
to be Tc[err] = 0.4Te[err]+22. On the other hand, step ST5 is
processing for determ ning the anmount ofggchange of the opening in the
transient state. |In step ST5, an equival ent
30 saturation tenperature TCLM ([err]C) for_a target high pressure is
deternmined to belGkiy|case, athe18peningj sopbrok hotBadenap that erege
processing in steps ST4 and ST5 are carried out by the target high
pressure sdtftiAGgwectvald3galdhbat;ed hent stgpt ST38 hingh the egsuee the
calculated from either one of these equi val ent saturation
t enper at ur eSMoETteral] qjasge] Of opedingerdsaflegge whenj ghehepeadadmadnéheas in
the first enbodi ment, the opening of t he hi gh stage side expansion
val ve (12) higihadfbegedsddet renpansion healvegh (pRéssir elange handowwst e si de
refrigerant circuit 10 (2) reaches the target high pressure. As
appar enb f rasntisevadve, amewdly dbigchanghe ofecmaning  isendmall hrewhent behi gh
pressure in the | ow stage side refrigerant circuit (2) can be suitably
control | ed dperdngl @& the highgstafe opbdat ¢xrpproimdi tvadme i {d&)udisngmpdlLl.- down
operation 15 for decreasing the in-storage tenperature. Further, even if
t he evapor ditor she¥thadhier ognednt o ofedoangde ofowperisur ési nchanged hénl ow
stage side refrigerant circuit (2), the high pressure '
accordance with the opening. This change of the amount of

change of opening is made by the opening change section (22d) .'
10 More specifically, in step ST19, the opening of the high
stage side expansion wvalve (12} at the current time is
identified by EVP and the amount of change of opening AEV is
changed to AEV = (EVP/1000) X10X AEVguu.
Next, the process proceeds with step 8T20 to determine
15  the sign of AEV. If the sign of AEV is a negative pulse
number, i.e., an amount of change of opening in a direction
to close the high stage side expansion wvalve (12) (if the
opening is decreased), the process proceeds with step 8T22.
It is to be noted that prior to proceeding with step 8T22,
20 the process may run resetting of AEV in such a manner as to
multiply AEV by a specified number larger than 1. On the
other hand if A EV is a positive pulse number, i.e., an
amount of change of opening in a direction to open the high
stage side expansion valve {12} (if the opening is increased),
25 the process proceeds with step ST21 to run resetting of AEV
in such a manner as to multiply AEV by a specified number

smaller than 1. In this case, AEV determined in step ST19



in the | ow stage side refrigerant circuit (2) can be kept at a
suitable value. 20 <Thi rd Enbodi nent > A refrigerating

system (1b) according to a third

formed by
the first

addi ng sone changes to gjhe refrigerating system (1)
25 enbodi nent. Like parts as in the first enbodi nent are

identified by simlar reference characters and description t her eof

will be omitst ethltiplied by 0.7.

this refri

si de conpresgmnsion Wal8e dfit2) heohthat sthgeosening effreyarfants chatgied.( 3) ,

| ow

It is to be noted that Zuch resettingn

enbodi ment shown in Figure 6 is al so

of

gerating system (1b), the high stage side conpressor (18) of
t he hi gh stefgel 8vdd sr efadeg®yartheciopemiing chah3p isectdpat i(22déd ln atep
conpressor capable of free capacity control. In the storage, a

t enper at ur STEENSOA KWxthius pbiadded5 fsorosigmst ngot el rhisglor agagai side
tenperature. In the pipe | ocated on the suction side of the high stage

pressure sensor (SPL1) is provided as a | ow pressure sensing

a

means f&r sensinint beikowefrigsnating shetémghills) agehsi HeéghlBtagef wiiger ant

circuit (3). An accumulator (24) is provided bet ween the cascade
condenser (XMfmigbrdnt hiigluditadd) sideprovided with the accumulator (24).

10

15

20

25

Therefore, once the suction gas in the high stage side
refrigerant circuit (3) enters in a wet state, liquid
refrigerant will be stored in the accumulator (24), while
reduced in the high stage side receiver (11). Accordingly,
even 1if the opening of the high stage side expansion valve
(12} is increased, the amount of cooling by the high stage
side refrigerant in the cascade condenser (5) will not be
increased and the high pressure in the low stage side
refrigerant circuit (2} shows a tendency not to decrease
enough to measure up to the increase of the opening of the
high stage side expansion valve (12). To cope with this, in
the embodiment, such characteristics of the system are taken
into account so that the processing of steps ST15 through
ST17 are made, thereby preventing excessive opening of the
high stage side expansion valve (12).

Further, if the high stage side expansion valve (12) is
excessively opened when no accumulator (24) is provided, this
may also invite liquid back of the high stage side compressor
{18) . Even in such a case, however, liquid back can be
obviated by implementing the processing of steps ST15 through

ST17.

¥



conpressor (18). In the pipe between the cascade condenser (5) and
the accunul ator (24), a tenperature sensor (STL1) is fixed for sensing
the tenperature of a refrigerant in the 15 pipe. The controller
(17) includes, in addition to the low 3g stage side high pressure
detecting section (15) and the expansion valve control section
(16), an I n-storage tenperature detecting section (22), a target
hi gh pressure 2 ®leisiagbodboenbn sirgy thad amovopertfeathiange defr &be
detecting section (27). The in-storage tenperature detecting section
(22) is conpeatied OEVhest ehprgasiuie seapsr STIR) anddS@Rt amgedccordange
receive a detection signal of the tenperature sensor (Tx). The target
hi gh presswig¢hsdhki ngeaényi ofi tB8)high cataprtsddia @xp2BsiphevailmnestidRhge
tenperature detecting section (22) and arranged to set the target
hi gh pressurte cant hee | gpwesteaged thabi dthe efliqgédante Of kgrnant{ 2malyaskd on
the i n-storage 32 t enperat ure
and  ofit puixcesaivedgeatired iconthelaccsr or [(24)coduespongkrgssdvehe
target high pressure to the expansion val ve control section (16). The
super heat i mpetdgreefdeéhechigh stage setdé orxrgati®ians vadmweedl@d .t o t he

| ow- pressure sensor (SPL1) 5 and the tenperature sensor (STLL),

and detect thehough Bupgiheaénmgidegricetof totulctdon @AsABVIit kedhilgh

stage side
EV2 is identified by AEVgwm in step ST18, it should be noted
that specified weighting may be made to both the amounts of '
10 change of opening A EV1 and A EV2 by multiplying them by
respective specified factors and either the high pressure in
the low stage side refrigerant circuit (2} or the
superheating degree of the suction refrigerant in the high
stage side refrigerant circuit (3) may be controlled with a
15 higher priority. In other words, priorities can be assigned
to a plurality of state parameters (such as high pressure or
superheating degree of the suction refrigerant) by adequately
multiplying the amounts of change of opening by respective
speclfied factors.
20
<Fourth Embodiment>
As shown in Figures 8 and 9, a binary refrigerating
system (110} according to a fourth embodiment is for cooling
in a chiller or a freezer and includes an outdoor unit {101Aa),
25 a cascade unit (101B} and a cooling unit (101C). Each of
these units (101a), {101B) and (101Cc} is formed by

accommodating components in a specific casing, though it is



réfrigerant circuit (3) based on the |ow pressure in the high st age

side refrigerant circuit (3), which has been sensed by t he

| ow- pressure sensor (SPL1), and the suction gas 10 tenperature of
t he high stage side conpressor (18), whiggh has been sensed by t he
tenperature sensor (STL1). The super heati ng degree detecting
section (27) then outputs a specified detection signal correspondi ng

to the sup@pfiesgthawp. A hdelr extage t prdeuseifshggaant Tk tekpinsiiAPvat ¥e
control 15 section (16) is connected to the | ow stage side high pressure
det ecting sevstatutes) by hdhear getdnpyh Wrissuldldét tang Ppart sedt i bhe(23)
and t he superheating degree detecting section (27) and determ nes the
anount of cemscade ohithdlBpBhi ndiwed low staue Wigle sedgdosrantelprasibh
valve (12). The expansion valve 20 control section (16) is further
arranged t d103dukade (308B} sare formembunenfthehaiagsade vpéhi nGOLBY r pngvl
based on the detection signal fromthe | ow stage side high pressure

detecti bhg the coedtingnufls) (30UC he control signal fromthe target. high
pressure setting section (23), calculate a second anbunt of 25 change of
openi ng A EV2 bdBes dnidthe simtgect isdnlesi grefirifgesmnt cirhvitupdlfBhti hg
degree detecting section (27) and change the ~opening of the high st age
si de expansirgangsldyet¢ 1@yrovhade reversible operation by switching tRe
direction of refrigerant circulation between a forward cycle
and a reverse cycle. Further, the high stage side refrigerant
10  circuit {120} includes a high stage side compressor (121), a
condenser (122) and evaporation sections of two refrigerant
heat exchangers (cascade heat exchangers) {111A) and (111B).
The evaporation sections of the refrigerant heat exchangers
{111a) and (111B) constitute an evapdrator in the high stage
15  side refrigerant circuit (120).

A first gas pipe (40) 1is connected to the discharge
side of the high stage side compressor (121} and a second gas
pipe (41) is connected to the suction side thereof. The first
gas pipe (40) connects the high stage side compressor (121},

20 an oil separator (123) and a four-way selector valve (124) in
this order and is then connected to one end of the condenser
(122) . The other end of the condenser (122) is connected with
one end of a liquid pipe (42). The liquid pipe (42} is
constituted by a main pipe (104a)} and two branch pipes (104b}

25 and {104c). The branch pipes (104b) and (104¢) are connected

to the evaporation sections of the two refrigerant heat

exchangers {111A) and (111B), respectively.



accordance with the total sumof the first amount of change

of openi ng

[err] EV1 and the second anobunt of change of opening A EV2. The
cantroller (17) is further provided with a wet state detecting section
(22a) for determ ning whether the suctigg 5 gas refrigerant of the high
stage side conpressor (18) is in a wet state and outputting a
specified wet state signal upon detection of the wet state and a
setting change sBti gteirp2ipire (104r)chaifigi blget hel@ekd i g t{d&)expansi on .
Furt hernore,
the 10 cownneldted With) a sbypass detpsi {hOdm) openhegtehahge thecisiesand
(22d) for changi ng the amount of change of opening in accordance with
t he openi ngragr pheecHdddge dfhe hbyppesi pgpef (104h}t hashipglowidege withe 2a
expansi on val ve (12). The target high pressure in the | ow stage
side 15 refaligeriant velveui (SV)2) and det tenpredtbasedensitine i expaosige

val ve control section (16) dependi ng upon the wet state.

tenperature in the same manner as in the second enbodi nent.

The anpunt

of chan§e ofalopen{BW) ARhofbtamchi ghpss agdodbeand (1@4pansiren pratmidedl?)

is determined followng a flow chart shown in Figure 7.

20

Speci fi cal Iwith fliirstt iandsseposiltpolihg hobosteppr afiatt expanshiiogh vpigesur e

detecting section (15) receives a detection signal of the

hi gh- pr essuf#E.Wldnsomd ((EBM2), trhepeativelngeThese canpernimatersepesrted?)
receives a detection signal of the t enperature sensor (Tx),
super heat i rxpdegion defleesi (§LV2H asec({ELV2) (@Mrespeid de ddoset cadlsidgnal s

of the tenperature sensor (STL1) and the | ow pressure sensor

t he

(SPL1),

and from “motor-operated expansion valves” in the present invention.

10 The second gas pipe (41) is constituted by a main pipe

{104d) and two branch pipes (104e) and {(104f)., The main pipe

{104d} of the second gas pipe (41) connects the high stage

side compressor (121}, an accumulator (126) and the four-way

selector wvalve (124} in this order, while the branch pipes

15 (104e} and (104f) are connected to the evaporation sections

of the refrigerant heat exchangers (111A) and

{111B),

respectively. In other words, the evaporation sections of the

two refrigerant heat exchangers (111A) and (111B)

are

connected in parallel with each other in the high stage side

20 refrigerant circuit (120).

It is to be noted that the branch pipes (104b),

(104c¢),

{104e) and (104f) of the liquid pipe (42} and the second gas

pipe (41) are provided in the cascade unit (101B).

A gas passage (43} 1is connected between the first gas

25 pipe (40) and a receiver (125). One end of the gas passage

{43} is connected to a portion of the first gas pipe

located between the four-way selector wvalve (124)

(40)

and the



these detection signals, an equival ent saturation tenperature
34 TCL for a high pressure in the | ow stage side refrigerant
ci.rcuit (2), an in-storage tenperature Tx, an equival ent saturation
tenperature TeH for a | ow pressure in tigg high stage side refrigerant
circuit (3) and a suction gas 5 tenperature Ts[err] in the high stage
side refrigerant circuit (3) are input. Next, the process
proceeds wiconpsespgosT1A23) ,carsu| the other gerdpbhéraef ngsdeghraectedotoa
suction gas in the high stage side refrigerant circuit (3), a target
hi gh pressamne upglear Porition1 ©f tthe Irewedwvage (IRGe .r Shei gesapessiageui(d3) 2)
and a variance [err] I n high pressures of the | ow stage side
refri ger antisciprowiided with2p 6heteohfif valve r 63 raadl tarragiged dw sfigetsi de
hi gh pressure variance). Then, the process proceeds with
step ST13 thdghet grmismirel5 carierdli r sdumingint a of cohdbhye obpepehiay [end] EV1
I n accordance with the | ow stage side high pressure variance [err]
Next, the degaswimgesdupiroreadslefiroltingp cPErétiiondet drurthen hethecgnd
anount of change of opening A EV2 in accordance with the super heati ng
degree of tdasssuget i(d3)gds conhbhetbdghish agewraks @ipe ridiodig)ercannectedui t
(3).
to the second gas pipe (41). The bypass pipe (104g) 1is
provided with a shut-off valve (8SV) and a capillary tube (CP).
An oil backing passage (44) equipped with a capillary
10 tube {CP) is connected between the o0il separator (123) and
the suction side of the high stage side compressor (121). An
unloading passage (45} equipped with a capillary tube (CP)
and a shut-off valve (8SV) is connected between the discharge
and suction sides of the high stage side compressor {(121) and
15  connected at its intermediate portion to the high stage side
compressor (121}).
Further, the first gas pipe (40} on the discharge side
of the high stage side compressor (121} is provided with a
high-pressure sensor (SPHl1l) for sensing the pressure of a
20 high-pressure refrigerant and a high-pressure switch (HPS1)
for outputting an OFF signal when the pressure of the high-
pressure refrigerant excessively rises up to a predetermined
pressure. The second gas pipe {41) on the suction side of the
high stage side compressor {121} is provided with a Ilow-
25 pressure sensor {SPL1) for sensing the pressure of a low-
pressure refrigerant.

The first low stage side refrigerant circuit (103A) is



Next, in step ST15, it is determ ned whether the suction gas in the
hi gh stage side refrigerant circuit (3) is in a wet state. Mire
specifically, determ nation of whether it bein a wt state is nade
based on whether the 25 superheating dggree of the high stage side
suction gas is smaller than a predeterm ned tenperature (5 [err]C).
If the superheating degree of the suction gas is S[err]C or Iarger, It
35 i s ageeageidnell t PEpVviHe sigtansitdas oBehetiom Rvietwiichi@nghe
the process proceeds with step ST18. On the contrary, if the !
super heat i i§reefion off tlefrigeriaol gascudasian| betwvhan 8 épkperd cyclehe
suction gas is determned to be in a wet state and the 5 process proceeds
with step $Tth. al nrevepssSTycliet. | Burther dettdrani fddstheltier tUagreyasideof
the first amount of change of opening [err]EV1 is positive, i.e.,
whet her t heeffinigteramsunciofuit (1ORAgelntlopeni g rsér rin@visdarst dawt he
Iom/stage si de high pressure variance [err] is an anount of control -in
a direcbi orstal@ t sidpencomprésgphrst AFAA3i dendxpébh3ldn, va veohtiZnsakfionhe
result of this determnation is YES, the process proceeds with step
ST17, resetsedtdion] B¥1 the férstandfthgergmivdesds eddhanger (4ilda)SaLE. afhat
I's, the anbunt of change of opening is set based on the second anount
of change &vagpewitiggal beet | trassfdf twimge nOtGHER)t.hatTheheseongdgiensesdpng in
steps ST16 and ST17 are

section of the refrigerant heat exchanger (111A) constitutes

a condenser in the first low stage side refrigerant circuit
10 (103A). The first low stage side compressor {(31A) and the
second low stage side compressor (131A) are connected in
parallel with each other.
The discharge sides of the compressors (31a) and (131A)
are provided with o0il separators (32) and (132}, respectively.
15 The downstream sides of both the oil separators ({32} and
(132) are connected to one end of the condensation section of
the first refrigerant heat exchanger (111A) wvia a four-way
selector valve (33} and a first gas pipe (60). The other end
of the condensation section is connected to one end of the
20 evaporating heat transfer pipe (105a) via a check valve (CV),
a receiver (34) and a cooling expansion wvalve (EV21}) by a
liquid pipe (61). The other end of the evaporating heat
transfer pipe (105a) 1s connected to the suction sides of
both the low stage side compressors (31A) and (131lA) via a
25 check valve (CV), the four-way selector valve (33) and an
accumulator {35) by a second gas pipe (62).

The first refrigerant heat exchanger (111A) 1is a



carried out by the setting change section (22b). On the other hand, if
the determnation result in step ST16 is NO the process proceeds
di.rectly with step ST18. In step ST18, the total sum[err]EV[err]
of [err]EV1 and [err]EV2 is 20 calcul giged. Then, the process proceeds
with step ST19 to reset the anmount of change of opening [err]EV in
accordance with t he openi ng of the high stage side expansion val ve
(12). In casdades cargsdismnthavimg Hihgh estepgeratiide eepinsnor fvahee hivh) -
comes into a full-closed position when the output pulse 25 nunber is 0 and'
comes i nto stdgd | sbgen nedyiitgesanmtheritdieit (120ut putd pthse aunmdzersaitsoR000.
The opening is changed in accordance with the output pulse nunber of 0
t hrough 200fection of the first low stage side refBbgerant circuitthis
case, the opening control is nmade so that even if [err] EV[err] val ues
cal cul at ed {103X)emril 1i% arendthicditane byt e plate-aypentheat exahgaget .ofieni ng
Is | arge when the opening of the hi gh stage side expansion valve (12)
is |argd amtheorfitt rdfrdeetraatyhthe arohatgef Clmirnje of rayferigegant dmal |
when t he openi ng of the high stage side expansion valve (12) is snall.

In short, tiie afimst low cltanee sdticopefihgetrsnthaingad i Nn(103a) axehatgese
with the opening. This change of the anmount of change of opening is
made by thenegtenivigh changgrigetraan (22d)he high stage side refrigerant
circuit (120). As a result, the refrigerant in the first low
stage side refrigerant c¢ircuit (103A) radiates heat to
10 condense, while the refrigerant in the high stage side
refrigerant circuit (120} absorbs heat to evaporate.

It is to be noted that the cooling expansion valve
{(EV21l) is a temperature-sensitive expansion wvalve and a
temperature-sensing bulb (TS) is disposed in the second gas

15 pipe (62) located on the outlet side of the evaporating heat
transfer pipe (105a).

The first low stage side refrigerant circuit (1033) is
arranged to effect a defrosting operation in a reverse cycle
and therefore includes a drain pan passage (63), a gas bypass

20 passage (64) and a pressure reduction passage (65). The drain
pan passage (63) is connected to both ends of the check wvalve
{CV) in the second gas passage (62}, is provided with a drain
pan heater (106a} and a check valve {(CV) and is arranged so
that a refrigerant (hot gas) discharged from the compressor .

25 (31) flows therethrough.

The gas bypass passage (64) is connected to both ends

of the cooling expansion valve (EV21l) in the liquid pipe (61},



10 More specifically, in step ST19, the opening of the high stage side
expansi on valve (12) at the current tine is i dentified by EVP and the
amount of change of opening [err]EV is changed to [err] EV = (EVP/ 1000)
X10X [err]EV[err]. Next, the @gocess proceeds with step ST20 to
determne 15 the sign of [err] EV. |If the sign of [err] EV is a negative
pul se nunber, i.e., an anmount of change of opening in a direcgtio

. g G
to close t HadHiugless taghesikiad¥san&Von apdl vé errpnged 6Re that agldfiag s
decreased), the process proceeds wWith step ST22. It is to be_noted
that prior aefnioereadi n§yResRest epheT2000l by ¢ IRXEHNEdSSs Y@yl Vieun (B¥€dit i ng
of [err]EV in such a manner as to _multiply AEV by a specified nunber
| ar ger t harduringthenhglefrosténgepPhbnEloR- A EV is a positive pul se nunber,
i.e., an amount of change of opening in a direction to open the high
stage side expanthen praissurel2yedudtidre ppsarag i 3)ncisaseennectssi ¢ fe
process proceeds with step ST21 to run resetting of AEV in such a
manner s thottul engs yof EebghackpaeilVveedunbiey the ligaidepipPfanbl), In
this case, [err]EV determ ned in step ST19 . )
37 i s Inglided ed hud-pLLl tvalye o($E) nendd a hdefsoshingsexppAglon  of
[err]EV is made by the openi ng change section (22d). In step ST22,
[err] EV thuslwbt &EVRRD) | sndutpurrrenghd Hioglrestuage Hhelepressurkpafisitba
val ve (12) so that the opening thereof is changed. )
ligquid refrigerant during the defrosting operation. It 1s to
be noted that the defrosting expansion wvalve (EV22) is a
10  temperature-sensitive expansion valve and a temperature-
sensing bulb is disposed at a location on the second gas pipe
{62} upstream of the accumulator (35)}.
The upper portion of the receiver {34) is connected
with one end of a degassing passage (66). The degassing
15 passage (66) includes a shut-off valve (8V) and a capillary
tube (CP}. The other end of the degassing passage (66) is
connected to a location on the second gas pipe (62} upstream
of the accumulator (35).
0il backing passages (67) and (67} each including a
20 capillary tube {CP) are connected between the corresponding
oil separators (32) and {132) and the corresponding suction
sides of the low stage side compressors (31A) and (1313},
respectively.
The first gas pipes (60} and (60) on the discharge
25 sides of the low stage side compressors (31A) and (131A) are
provided with high-pressure switches (HPS2) and (HPS2) for

outputting an OFF signal when the pressure of the high-



5 In this refrigerating system (1b), the high stage side
refrigerant circuit (3) is provided with the accunul ator (24).
Therefore, once the suction gas in the high stage side refrigerant
circuit (3) enters in a wet state, liquig refrigerant will be stored
in the accunmul ator (24), while 10 reduced in the high stage side receiver
(11). Accordingly, even if the opening of the high stage side
expansi on wessure refrdgarantnexcasedvetl e rameantipotocaolpinegletgrmisedi gh
st age side refrigerant in the cascade condenser (5) will not be
i ncreased ambsisivgehi gindpr dsspeeatnreéhesénsess agsSTHAle absl r dSTHGEr afibr
circuit (2) shows a tendency not to decrease enough to neasure up to
t he i ncr eassergfindghe thpentagpefatimee of ki giisthgegsi drexpafsigeraakye
(12). To cope with this, in t he enbodi nent, such characteristics of
t he syst emmyspdctiderly. A inigh-gommmtresosdimdr t FEPHR)ocEssi sgneingt ¢he ST15
through 20 ST17 are made, thereby preventing excessive opening of the
hi gh st &ge redetmsumeparsi anhighverédfire refrigeramuribeprowvidetiebeitghent age
si de expansion valve (12) is excessi vel y opened when no accunul at or
(24) is prddidechnfhience of npypas soni rohiet elildaairdebacideaf dhebbilyhthbage
side conpressor 25 (18). Even in such a case, however, liquid back can
be obJicat extdge isipgleemmpiregsolre [dBAASSs sindg (AB1A) epadSThE tthueughy
ST17.

selector valve (33). The second gas pipe (62} on the suction

sides of both the low stage side compressors (31A) and (131a)
10 is provided with a low-pressure sensor (S8PL2) for sensing the
pressure of a low-pressure refrigerant.

The second low stage side refrigerant circuit (103B)
has substantially the same configuration as that of the first
low stage side refrigerant circuit (103A) but is arranged to

15 effect a cooling operation alone without effecting a
defrosting operation. The second low stage side refrigerant
circuit (103B) does not include such a four-way selector
valve (124) as included in the first low stage side
refrigerant circuit (103A}) and also is not provided with a

20 drain pan passage (63), a gas bypass passage (64) and a
pressure reduction passage (65). In other words, the second
low stage side fefrigerant circuit (103B} is formed by
connecting first and second low stage side compressors (31B)
and (131B), a condensation section of the second refrigerant

25 heat exchanger (111B), a receiver (34), a cooling expansion
valve (EV2l1l), an evaporating heat transfer pipe (105b) and an

accumulator (35) in this order by a first gas pipe (60}, a



38 In this enbodi nent, since the anount of change of the

opening AEV is changed in steps ST20 and ST21 in accordance with the
openi ng of the high stage side expansion valve (12), it can be
prevented that the liquid refrigerant mgy be 5 excessively stored in the
accunul ator (24) due to excessive openi ng of the high stage side
expansi on val ve (12). Though in this enbodi ment the total sum of
[err] EV1 adddquéxy pipe (6EV2and adeatohdedadypime r (@) erttie iqorstemsadtos, it
shoul d be noted that specified weighting may be nmade to both the
amount s of set¥iomang€ ofthepeseawnd emdfriderand [keal ERRXHangan ti{dlgBig

t hem by respective specified factors and either the high pressure in
the |ow stagetitsitees reef ragelemster ciimcuithe (2ecood tlow stageuperikieati ng
degree of the suction refrigerant in the high stage side refrigerant
circuit (3)refniderapintaicicued WloBBa. 15 higher priority. In other words,
priorities can be assigned to a plurality of state paraneters (such as
hi gh préssure orThe cosipeghestpaigidegreslvé t(B¥23uctisonar efenipgaraanixke-by
adequat el y mul tiplying the amobunts of change of opening by respective
speci fi ed faaignsive 2dkpansioctFouilve Enbhddameeperature-senddnghbubbi is
Figures 8 and 9, a binary refrigerating system (110) according to a
fourth enbailispeyded sif otheoskiongd gas ipipe ciBd) elocutead forerbe andlet

i ncl udes an outdoor unit (101A),

side of the evaporating heat transfer pipe (105b). The second
refrigerant heat exchanger (111B) is a cascade condenser
10 having the evaporation section of the high stage side
refrigerant circuit (120) and the condensation section of the
second low stage side refrigerant circuit (103B) and is
constituted by a plate-type heat exchanger. In the second
refrigerant heat exchanger (111B), a refrigerant in the
15  second low stage side refrigerant circuit (103B) exchanges
heat with the refrigerant in the high stage side refrigerant
circuit (120}. As a result, the refrigerant in the second low
stage side refrigerant circuit (103B}) radiates heat to
condense, while the refrigerant in the high stage side
20 refrigerant circuit (120) absorbs heat to evaporate.

The evaporating heat transfer pipes (105a) and (105b)
of both the low stage side refrigerant circuits (103A) and
{103B) are formed into a single evaporator (50). In the
evaporator (50), the refrigerants in both the low stage side

25 refrigerant circuits (103A) and (103B) are heat exchanged
with the in-storage air. The evaporator (50), the cooling

expansion wvalve (EV21l) and the drain pan passage (63) are



25 a cascade unit (101B) and a cooling unit (101C). Each of t hese
units (101A), (101B) and (101C is forned by accommodat i ng
cenponents in a specific casing, though it is
39 not shown. A high stage side refrgygerant circuit (120) is
constituted by the outdoor unit (101A) and part of the cascade unit
(101B). Two |l ow stage side refrigerant circuits (103A) and (103B) are
f or mred overditspeseasciadetai o0104®) uantl (3088é&, cobliilpg abiietr (ckdtOnents
The high stage side refrigerant circuit (120) is arranged to provide
reversi bl e soymdr s obhdycomptrebsogst K31A), (UBidLii ¢6A1B] reflri{dSdidit are
circulation between a forward cycle and a reverse cycle. Further, the
hi gh st age disiegeai rirgaéth@nticast@dei noiitt ({APB) . i ncl udes a hi gh stage side
conpressor (121), a condenser (122) and evaporation sections of two
refrigerant Fhetheemchanger sligasdadeneatatenehasgassy ((MH2Y) afdr
(111B). The evaporation sections of the refrigerant heat exchangers
(111A) and dedsliB)g crnst témperatuey apdr at dd guhdt refirigerahbges 1 spoded
refrigerant circuit (120). A first gas pipe (40) is connected to
the dischargfe a lsiatdoef bhe hhgh siqgedsipiepeonsBEssapytkdbm and aa
second gas pi pe (41) is connected to the suction side thereof. The
first distributor (51} in the first low stage side refrigerant
circuit (1034}, and an evaporator temperature sensor (Th22)
for sensing the temperature of the evaporator (50} is
10 disposed in the evaporator (50).
In the storage, an in-storage temperature sensor (Tx)
for sensing the air temperature in the storage is. disposed.
As shown in Figure 10, a controller (17} includes a low
stage side high ©pressure detecting section {15), a
15  superheating degree detecting section (27), an in-storage
temperature detecting section {22), a target high pressure
setting section (23}, a high stage side discharge temperature
detecting section (22e), a setting change section (23c), a
wet state detecting section (22a) and an expansion valve
20 control section (16).
-Behavior ¢of Refrigerating System in Operation-
Behavior of the refrigerating system (110} during the
cooling operation will be next described.
In this refrigerating system (110}, the first and
25 second low stage side compressors (31A) and {(131A) in the
first low stage side refrigerant circuit (103A}) are operated

at low refrigerating load in the storage, while the first and



gés pi pe (40) connects the high stage side conpressor (121), 20 an oi

separ at or

(123) and a four-way selector valve (124) in this order

and

is then connected to one end of the condenser (122). The other end of
t he condenser (122) is connected with 38 one end of a liquid pipe (42).
by

The liquid pipe (42) is constitute

a main pipe (104a) and two

branch pipes (104b) 25 and (104c). The branch pi pes (104b) and (104c)
connect ed secontio liche ®vapor atdencerptiesnsrsaf {(BAA) 1 wol 13dA)i,get3AB) haad
exchangers (111A) and (111B), respectively.

(13TB¢ BRI bophpehé 104a)stdgd heldd qafitigiepant42)ircaits (183aAhect ed
with a bypass pipe (104h) connected to the second gas pipe (41). The
bypass pi pan@lOH0)38)s grevgedavetih a& high seképdgdrzaing (BWJ and she
tenperature-sensitive expansion 5 valve (EV). The branch pi pes (104b)
(104c) arespoewgded In ovhel fWdris,antghseaysdemoodpery rad oatofenat tn-
expansi on val ves (ELV1) and (ELV2), respectively. These cooling
not or - oper gt-edtage loB¥Pansbealvalveso( coMbreapdr§ ELYPA) candespBnal) t orf hose

40

call ed

"not or - oper at ed expansi on valves" in the present invention.

are

and

10

The secondcogasthy peohétirys @@Nshidhit ed-BYosagai Nopidpea totall@®l) fand two
branch pipes (104e) and (104f). The main pipe (104d) of the second gas

pi pe (41) ceonpeeksotBe (Bigh, ste@m), (3m)dempnaasser (121), an
accurul ator (126) and the four-way

10

15

20
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Behavior of the system in operation at high in-storage
load will be here described. In this case, the high stage
side compressor {121) in the high stage side refrigerant
circuit (120) and the first and second low stage side
compressors (31A), (131a), (31B) and (131B} in both the low
stage side refrigerant «circuits (103A) and (103B} are
actuated together. Under these conditions, in the high stage
side refrigerant circuit ({120), the four-way selector wvalve
{124) is operated to select its port connection shown in
solid 1lines in Figure 8 and the below-described opening
control of each of the cooling motor-operated expansion
valves (EVL1l) and (EVL2] is carried out.

In the high stage side refrigerant circuit (120}, a
high stage side refrigerant discharged from the high stage
side compressor (121) condenses into a liquid refrigerant in

the condenser (122) and then flows into the cascade unit

{101B). The liquid refrigerant is then distributed between

the two branch pipes (104b) and (104c¢) and reduced in
pressure in the cooling motor-operated expansion valves

(EVL1} and (EVL2). Thereafter, the liquid refrigerant



selector valve (124) in this order, while the branch pipes 15 (104e) and
(104f) are connected to the evaporation sections of the refrigerant
heat exchangers (111A) and (111B), respectively. In other words, the
evaporati on sections of the two refggi gerant heat exchangers (111A) and
(111B) are connected in parallel with each other in the high stage
side 20 refrigerant circuit (120). It is to be noted that the
branch pi peyvapb4ltes (b@éck gas refiigeraandiflesth off tthe lgvapodapips (42)
and the second gas pi pe (41) are provided in the cascade unit (101B).
A gas passagetiédp ict cthaetiwed dediniemrantie Haatst egasan@brs pi{ pelAYN0pndnd a
receiver (125). One end of the gas passage (43) is connected to a
portion of tihaH) raid gestypime {d0khe highoeahgd bétlecenmplrestounr -(1a@y} .
sel ector valve (124) and the 41
conpr essor The?Jefrdanerisne ethbeatenthibeckotulstionnected to an upper
portion of the receiver (125). The gas passage (43) Is provided with a
shut-of 6 val ve (@) and astlengechdrad,ef fiect the firglt priessuséagent sdlde
during a cooling operation and 5 degassing during a defrosting operation.
Further, thergaerant diassdge (43R s thenfeatredaw khlachypasalpepd381049)
connect ed to the second gas pipe (41). The bypass pipe (104g) 1is
is operated to select its port connection shown in solid

lines in Figure 9, the defrosting expansion wvalve (EV22} is
fully closed and the c¢ooling expansion valve (EV21) 1is
10  controlled according to superheat control. In the second low
stage side refrigerant circuit (103B}, the cooling expansion
valve (EV21l) is controlled according to superheat control.
In both the low stage side refrigerant circuits (1033}
and (103B}, low stage side refrigerants discharged from the
15  low stage side compressors (31A), (131a), (31B) and {131B)
condense into liquid refrigerants in the condensation
sections of the refrigerant heat exchangers (111A) and (111B},
respectively. These liquid refrigerants are reduced in
pressure ih the cooling expansion wvalves (EV21l) and {(EV21).
20 Thereafter, the 1liquid refrigerants evaporate into gas
refrigerants in the evaporating heat transfer pipes {105a)
and (105b}, respectively, and return to the low stage side
compressors {31A), (131A), (31B} and (131B). The refrigerants
repeat such circulation.
25 Further, in each of the refrigerant heat exchangers
{111a) and {111B}, the high stage side refrigerant exchanges

heat with the low stage side refrigerant and the low stage



provided with a shut-off valve (SV) and a capillary tube (CP). An
oi | backing passage (44) equipped with a capillary 10 tube (CP) is
cannected between the oil separator (123) and t he suction side of the
hi gh stage side conpressor (121). An go unl oadi ng passage (45) equi pped
with a capillary tube (CP) and a shut-off valve (SV) is connected

bet ween the di scharge and suction sides of the high stage side

conpr essor il )redird gelrmnteorime dihed latw |$tsagent864dmd:l°ﬁr@gmmtor¢1{r@utlﬁé high

stage side

(40) on the(1dizxgharge SOBB)

conpressor (121). Further, the first gas pipe

of a 20 hiiggh- phessavepoedtoger(@) ,antha high- ptegsureidei tmtfniRIBENts

for outputting an OFF signal when the pressure of the high- pressure

refri ger anteweyeastie/doy gengeatepcdolad pabdedmd niledtooled miesswods The

second gas
conpr es$or

pi pe (41) on the suction side of the hi gh stage side
ids23e i phevisdedageth a | ow 25 pressure sensor (SPL1) for

sensing the pressure of a | ow pressure refrigerant. _ The
first | ow st@geraiide ehtirgdrant circuit (103A) is
42 arranged to provide reversible operation by swtching the

direction of refpigethod €bfcobmtien fred ween we forgearatioyclsyystem (110)
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during its cooling operation will be next described with
reference to flow charts of Figures 11 and 12.

First in step ST31, upon receipt of detection signals
from the sensors (SPH2), (STH2), (Tx), (SPHl1l), {(SPL1l), (STH1)
and (S8TLl), an equivalent saturation temperature Tciy for a
high pressure in the first low stage side refrigerant circuit
{103A), an equivalent saturation temperature Tcp; for a high
pressure in the second low stage side refrigerant circuit
(103B), discharge gas temperatures Tdy; and Tdu, of the first
and second low stage side compressors (31A) and (131A) in the
first low stage side refrigerant circuit (103A), discharge
gas temperatures Tdp; and Tdizz of the first and second low
stage side compressors (31B) and (131B) in the second low
stage side refrigerant circuit (103B), an in-storage air
temperature Tx, an equivalent s;turation temperature TCy for
a high pressure in the high stage side refrigerant circuit
(120}, an equivalent saturation temperature Tey for a low
pressure in the high stage side refrigerant circuit (120}, a
discharge ¢gas temperature Tdy of the high stage side

compressor {121) in the high stage side refrigerant circuit

_ are afoctlleel hbgmosﬁagee5|@e cheproddesr hepdl) is
provided with a hi gh- pressure sensor (SPHl) for sensing the pressure



and a reverse cycle. Further, the first | ow stage side refrigerant
circuit (103A) includes first and second low 5 stage side conpressors
(31A) and (131A), a condensation section of the first refrigerant

exchanger (111A) and an evapor ati ngsheat transfer pipe (105a). The

condensati on section of the refrigerant heat exchanger (111A)
constitutes a condenser in the first | ow stage side refrigerant

circuit

10120103%d Fheudtish |gae stageesaidere ol esforthe 3iNgh antdaghe

second | ow stage side conpressor (131A) are connected in par al | el
each ot her side compres$he dl2thaspe mnmes. of the conpressors (31A) and
are provided with oil separators (32) and (132), respectively.
15 The downst r ediest detshof pbatdsd heratdedepatidi osisery 3@F32nto calc(l8ly are
connected to one end of the condensation section of the first
refrigeranta heapeekeabimer dekrb®) wvifa a foigh wayage sidd ectatival vegas33)
and a first gas pipe (60). The other end of the condensation section
i s connBct edH=TsgRBepNd aof stiberh@ft evapatedirisrg beatat raingf erstpigee £188a)

(131A)

via a check valve (CV),

heat

with'

a receiver (34) and a cooling expansion val ve

(EV21) by aischarkiequi dapi peDEEEYdyTie;, ot hah enédqgofivhhenevapesatiragibeat

transfer

pi pe (105a) is connected to the suction sides of both the | ow

st age si de temperatsees €31A) aantow 13dge/i asidle 2T atketk nahte peENksutbe

four-way selector valve (33) and an accurul ator (35) by a second gas

pi pe (62). Tew=0.4Tx+1Be d ivotidredd | Qeriaigh hewds axedmnger tfid 1EArst slew
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stage side refrigerant circuit (103A) € ;=Tcp ~TCw, a variance
in high pressures of the second low stage side refrigerant
circuit (103B) €& =Tcp—-Tcww, a maximum discharge gas tempera-
ture in the first low stage side refrigerant circuit (103A}
Tdimar=MBX {Tdr11, Tdriz) and a maximum discharge gas temperature
in the second low stage side refrigerant circuit (103B)
Td2max=MAX {Tdpz1, Tdrz2) .

Next, in steps ST33 through ST39, amounts of change of
opening are calculated based on the above respective state
variables.

Specifically, in step ST33, an amount of change of
opening AEV1l is determined based on the variance €£; in high
pressures of the first low stage side refrigerant circuit
{103A) . Next, the process proceeds with step S8T34 to
determine an amount of change of opening AEV21l based on the
variance € , in high pressures of the second low stage side
refrigerant circuit (103B). It is to be noted that A EV11

and A EV21 correspond to those called “first amounts of

change of opening” in the present invention. Next, the



43 cascade condenser having the evaporation section of the high

stage side refrigerant circuit (120) and the condensation section of
the first |ow stage side refrigerant circuit (103A) and is constituted
by a plate-type heat exchanger. In 5 thg first refrigerant heat exchanger
(111A), a refrigerant in the first low stage side refrigerant circuit
(103A) exchanges heat with a refrigerant in the high stage side

refri gerantprocessci progeedd 29 thAstapr 8134 , tohdetefrmiiger &ant &monie Pifr st

| ow stage side refrigerant circuit (103A) radiates heat to 10
condense, whdreid hefd efogegdmant A nEvhe Mgdr@aidgamiue of rodfanigger aift
circuit (120) absorbs heat to evaporate. It is to be noted that

t he cool i npwxpangijorbasdd eon the( BuperheatanyenperaeursSisenti theehigh
expansi on val ve and a tenperature-sensing bulb (TS) is disposed in the
second gas stldyeigisld 62)ctiommatgad .olNedte ditel etrogieds pirorkedevapthatiteg heat
transfer pipe (105a). The first | ow stage side refrigerant

circuit 5(108M96 ito deterafim@nged smouatf 6€t cRafgér 68t bpen DPGr AEVOB basad

reverse cycle and therefore includes a drain pan passage (63), a gas
bypass 20 qrassigeméfipuandiachaegsugasr ¢dnperatupasfdgex (HB) théh&idsdi n
pan passage (63) is connected to both ends of the check val ve (CV) in
t he second Igas amgageidd2)efisyqurant dadonitth (A0BRai.NnNext, the process
proceeds with step ST37 to determine an amount of change of
opening 'AEV23 based on the maximum discharge gas temperature

10 Tdomx in the second low stage side refrigerant circuit (103B).
It is to be noted that AEV13 and AEV23 correspond to those
called “amounts of increase of opening” in the present
invention. Next, the process proceeds with step ST38 to
determine an amount of change of opening A EV4 (“amount of

15  increase of opening”) based on the high stage side discharge
gas temperature Tdy. Next, the process proceeds with step
ST39 to determine an amount of change of opening A EV5S
{(“amount of decrease of opening”) based on the superheating
degree DSH of the high stage side discharge gas.

20 Then, the process proceeds with step ST40 to determine
an amount of change of the opening A EVL1 of the first
cooling motor-operated expansion wvalve (EVL1) from the
equation AEVL1=7AEV11+8AEV2+4AEV13+20AEV4+5AEV5.

Next, the process proceeds with step 8T41 to determine

25 whether the second low stage side refrigerant circuit (103B)

is in operation. If the determination is YES, the process

proceeds with step ST42 to determine an amount of change of



pan heater (106a) and a check valve (CV) and is arranged so that a
refrigerant (hot gas) discharged fromthe conpressor 25 (31) flows

t her et hr ough. The gas bypass passage (64) is connected to both
ends of the cooling expansion valvg,(EV21) in the liquid pipe (61),
44 I ncl udes a check valve (CV) and ig arranged so that a liquid
refrigerant bypasses the cooling expansion valve (EV21) during the

defrosting t%era leﬁ@ng A EvL2 dJhe u@lreesgeesnaedé@dlm%pm@qeo pe2hted
connected to h énds of the check val ve the liquid pipe (61),

i ncl udes ae%@éh qfofn VAl MR (ﬁh ndegodethestigiate¥RaNsER2=7 A Evalive AEV22)
and is arrangedsto reduce t 5€%ssure of thlqﬂ liquid refrigerant

during the ggiy @5%@9@@3@4%@5 | prtohe detdniBRitar hat Mo)e cdahpast i ng

expansi on val ve IS a tenperature-sensitive expansion valve

and a term‘?rt@{é”c@fenlng o¥eRBkNgebbhd &S0 TSP Asd relop fadeat leQ@aﬁBJ.bhe '
second gas pi pe ) upstream of the accumulator (35). he

upper p@grt i gf @dvggregglﬁg& #1348 .1 s connected with one end of a
degassi ng passage (66) The degaSS|ng 15 passage (66) includes a shut-off

valve (SV) and R5Capiétfled so fddbaddDdinfha Oty Radtef drbeddaaassi ng
passage (66) is

the first cooling motor-operated expansion wvalve (EVL1) is
controlled based on the high pressure in the first low stage
side refrigerant circuit ({103A) and the superheating degree

10  of the suction gas in the high stage side refrigerant circuit
(120} and additionally the discharge gas temperature in the
first 1low stage side refrigerant circuit (103A), the
discharge gas temperature in the high stage side refrigerant
circuit (120) and the superheating degree of the suction gas

15 in the high stage side refrigerant circuit (120), while the
second c¢ooling motor-operated expansion wvalve (EVL2) is
controlled based on the high pressure in the second low stage
side refrigerant circuit (103B) and the superheating degree
of the suction gas in the high stage side refrigerant circuit

20 (120) and additionally the discharge gas temperature in the
second low stage side refrigerant c¢ircuit (103B), the
discharge gas temperature in the high stage side refrigerant
circuit (120) and the superheating degree of the suction gas
in the high stage side refrigerant circuit (120}.

25 As can be seen from the above, the present embodiment
is a so-called mulﬁi—system in which the low stage side

refrigerant circuitry {103A, 103B) is composed of a plurality



connected to a |location on the second gas pipe (62) upstream of the
accumul ator (35). O | backing passages (67) and (67) each
including a 20 capillary tube (CP) are connected between the correspondi ng
oil separators (32) and (132) and the cgaresponding suction si des of
the | ow stage side conpressors (31A) and (131A), respectively.

The first gas pipes (60) and (60) on the discharge 25 sides of the | ow

st age si deofomipeddaes (SR thadef{dBd Aloadevariatpooviodedhw t how stage

hi gh- pressure switches (HPS2) and (HPS2) for out putting an OFF signal
when the pegdsurefofigetaniti ghircuitry (103A, 103B) is extremely large.45
pressure refrigerant excessively rises up to a predeterm ned pressure
and tenper aicebedsanier s fETHaY fands( SH2khkorpresentsehsivagtite tarpebat ure
of a discharge gas refrigerant, respectively. A high-pressure sensor
(SPH2) for reeaskablihexerbeftessure of a high-pressure refrigerant is

provi ded between the confl uence of pipes on the discharge sides of
bot h t hg | ow stage side conpressors (31A) and (131A) and the four-way
sel ector valve (33). The second gas pipe (62) on the suction si des of
both the | ewdelst@easi ApptoaRbesseys (31A) and (131A) 10 is provided with a
| ow- pressure sensor (SPL2) for sensing the pressure of a | ow pressure
refrigerant. As can be seen from the above, the present invention is

useful for air conditioners, freezers, chillers and so on.



The second | ow stage side refrigerant circuit (103B) has substantially
the sanme configuration as that of the first | ow stage side refrigerant
ci-rcuit (103A) but is arranged to 15 effect a cooling operation al one

wi thout effecting a defrosting ope%%tlon The second | ow stage side
refrigerant circuit (103B) does not™i nclude such a four-way sel ector
valve (124) as included in the first | ow stage side refrigerant
circuit (103A) and also is not provi dedamssh a 20 drain pan passage (63),
a gas bypass passage (64) and a pressure reduction passage (65). In

ot her words, the second | ow stage side refrigerant circuit (103B) is
formed by connecting first and second | ow stage side conpressors (31B)

and (131B) 1.2z @rdengara®ingesysosm Okohbe $aepnd refrigerant 25 heat
exchanger (111B), a receiver (34), a cooling expansion val ve (EV21),

an evaporating heahighagshee r;ylra% (ﬁéﬁ*z)ge&ra@xtarblrcmtacw 120 pr £Fo2Rkdi N
this order by a first gas pipe (60),

46 51 ¢y kot 2Andighseeqpd gaaepld%p(z@%)sorm@ corglensai | ong
section of the second refrigerant heat exchanger (111B) constltutes a

PR Soet g BRSSO 0107 208, S oned BRIl AL 14
EVLl, EVL2} and a refrigerant heat exchanger (5, 111A, 111B)
in this order;

a low stage side refrigerant circuit (2, 103aA, 103B)
10 formed by connecting a low stage side compressor (4, 31a, 31B,
131A, 131B), the refrigerant heat exchanger (5, 111a, 111B},
an expansion mechanism (7, EV21) and an evaporator (8, 50) in
this order;
high pressure sensing means (SPH2}, provided in the low
15 stage side refrigerant circuit (2, 103a, 103B), for sensing
the high pressure in the low stage side refrigerant circuit
{2, 103a, 103B); and
expansion valve control means (16} for controlling the
motor-operated expansion wvalve (12, EVL1l, EVL2) of the high
20 stage side refrigerant circuit (2, 120) so that the pressure
sensed by the high pressure sensing means (SPH2)} reaches a

predetermined target high pressure.

2. The refrigerating system as claimed in claim 1, further
25 comprising:
temperature sensing means (Tx) for sensing the

temperature of the substance to be cooled by the evaporator

) A0 0



sensitive expansion valve and a tenperature-sensing bulb is di sposed
in the second gas pipe (62) |ocated on the outl et side of the
evaporating heat transfer pipe (105b). The second refrigerant heat
exchanger (111B) is a cascade condenser 610 havi ng the evaporation section
of the high stage. side refrigeran@ circuit (120) and the condensati on
section of the second | ow stage side refrigerant circuit (103B) and is

consti tutedsyysaipl ahg-type heat exchanger. In the second

refrigerant

heat exchanger (111B), a refrigerant in the 15 second |ow stage

si de refrigeranttgidatlini g HidPsurexGRAMALY meanshqaB)wirblh kBetiahrkaer ant
in the high stage side refrigerant circuit (120). As a result, the

refrigeranttdrydtheh 58€0pgek8Wre of Stideekpdashehl vBERANt cOhF £ t meiH3B)
radi ates heat to condense, while the refrigerant in the high stage

side 20 refiidygepaBbaCidgUithe( 12pabseihs RRRseldo ByapHat @emperature The

evaporating heat transfer pipes (105a) and (105b) of both the | ow
stage spde gRfdingehaRhsCicrgyits (103A) and (103B) are forned. into a

si ngl e evaporator (50). In the evaporator (50), the refrigerants in
both the | ow stage side 25 refrigerant circuits (103A) and (103B) are heat
exchanged with the in-storage air. The evaporator (50),

the cooling

expansi on val vend EV2E)i gosht 1Ry dEpbfeRalsPa3539ed( 63) & £im 1, further

47
comprising:

low pressure sensing means (SPL2), provided in the low

10 stage side refrigerant circuit (2, 103A, 103B),

for sensing

the low pressure in the low stage side refrigerant circuit (2,

103A, 103B); and

target high pressure setting means (23) for setting the

target high pressure of the expansion wvalve control means

15 (16) based on the pressure sensed by the low pressure sensing

means {SPL2}.

4. The refrigerating system as claimed in c¢laim 1, further
comprising:
20 temperature sensing means {Tx) for sensing the

temperature o©f the substance to be cooled by the evaporator

(8) 7

low pressure sensing means (SPL2), provided in the low

stage side refrigerant circuit (2}, for sensing the low

25 pressure in the low stage side refrigerant circuit (2);

transient state detecting means (23a) for determining

whether the operation of the system is in a transient state

-_
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disposed in the cooling unit (101C), while other conponents such as
the conpressors (31A), (131A), (31B) and (131B) are di sposed in the
cascade unit (101B). Furthernore, a liquid tenperature sensor

(Th21) for 5 sensing the tenperature o% a liquid refrigerant

at a location on the liquid pipe (61) u
in the first |ow stage side refrigerant circuit (103A)

the evaporator (50) is 10 disposed in the evaporator (50).

i s di sposed
treamof a di stributor (51)

and an
evaporatorbh%@ﬂer@hurprégeﬁorpéihﬁaalar ddtyrmsiensiing t kenidénmensat uaadof

In

the storageutpititAngt 0L lRPRIAIHEE SersakiédX) statefobigrasi ngpbhe air

tenperature in the storage is.disposed.

As shown in Figure 10, a

control l er dekek-tiidel Udgs a tW transliage Skdetehi dhr prRgputeindet eating

section

i n-storage predetlc@Rakal Woa-debfcibAY §€8E&0BiEHA) , upohageckcbigh preasure

(15), a 15 superheating degree detecting section (27),

setting secCtion (23), a high stage side discharge tenperature

detecti B0 $RAAns(22®) sta+8et khH9 change section (23c), a wet state
detecting section (22a) and an expansion valve 20 control section (16).
- Behavi or

refrigerat

of Refgigearat ?%ngﬁ§ée@éﬁti%erﬁéiaﬁ§'_(23) for s@i@.‘ﬁfruﬁf)nt

I ng system (110) during the cooling operation wl

second | ow stagé side conpressors (31A) and (131A) in the
pressure of the expansion valve control means (16} based on

10

15

20

25

the temperature sensed by the temperature sensing means (Tx)
or setting upon reéeipt of the non-transient state signal the
target high pressure based on the pressure sensed by the low

pressure sensing means (SPL2).

5. The refrigerating system as claimed in claim 1, further
comprising:

superheating degrée detecting means {27} for sensing
the superheating degree of a suction gas refrigerant of the
high stage side compressor (18, 121) in the high stage side
refrigerant circuit (3, 120); and

the expansion valve control means (16) being arranged
to control the motor-operated expansion wvalve (12, EVL1,
EVL2) of the high stage side refrigerant circuit (3, 120} so
that the pressure sensed by the high-pressure sensing means
(8PH2) and the superheating degree sensed by the superheating
degree detecting means (27) reach a predetermined target high

pressure and a predetermined target superheating degree,

an

he

be next
described. receipt of! NthBi Stbghsi 86 atitr sy HiRM1110Ghe t Rarlietst hagd 25

respectively.

[T



first | ow stage side refrigerant circuit (103A) are operated at | ow
refrigerating load in the storage, while the first and

48 second | ow stage side conpressors (31A), (131A), (31B) and

(131B) in both the |low stage side refriggrant circuits (103A) and
(103B) are operated at high refrigerati | oad in the storage. In
ot her words, the systemoperates at lowin- 5 storage |load a total of
two conpressors (31A) and (131A). or, on the contrary, at high
in-storage |oad a total of four conpressors (31A), (131A), (31B) and
(131B). 6. The Behaviheraeing h@gﬁiéhemsi relefeiedt in 8lahhgh,i Fusttbeage
| oad will be here described. In this case, the high stage 10 side
conpressor cdmpdd)sirigt the high stage side refrigerant circuit (120)
and the first and second | ow stage side conpressors (31A), (131A),
(31B) and (131B)th8 Refdanihen! oalve coh8g81ShdR Ll (1Qer BRling rEat t $o
(103A) and (103B) are actuated together. Under these conditions, in

the higly stcza%%ﬂa%e sl de £ &f riAsianto i Efbhle (80bpeh iyl QU VY palsegt or

val ve I's operated to select Its port cohnection shown in

solid |inesydnehboyhesdard sdesdel By doscrh bl PROMNE  sensERH! ielanef
each of the coolingfnntor-operated eggansion val ves (EVLl)@and (EVL2)

i(i 2g;{f” °d fn2) 2Ocalculatd £N8elbAN HBURLSIHS EididdIes ANbpERTAY! I A
EV2) based on the superheating degree sensed by the
superheating degree detecting means (27) and change the

10 opening of the motor-operated expansion wvalve (12} of the
high stage side refrigerant circuit (3) based on the first
amount of change of opening (AEV1) and the second amount of
change of opening (AEV2); and

setting change means {(22b) for changing the setting of

15  the expansion valve control means (16} so that the expansion
valve control neans (16} changes the opening of the motor-
operated expansion wvalve {12) solely based on the second
amount of change of opening ( A EV2) when the sensed

superheating degree is a value beyond a predetermined range

20 and the first amount of change of opening (AEV1) is positive.

7. The refrigerating system as claimed in claim 1, further
comprising:

superheating degree detecting means (27) for sensing

25 the superheating degree of a suction gas refrigerant of the

high stage side compressor (121) in the high stage side

‘T O B

refrigerant circuit (120};




hi gh stage side refrigerant discharged fromthe high stage si de
conpressor (121) condenses into a liquid refrigerant in t he condenser
(122) and then flows into the cascade unit (101B). The liquid
refrigerant is then distributed betmeen5925 the two branch pipes
(104b) and (104c) and reduced in pressure in the cooling

not or - oper at ed expansi on val ves (EVLl) and (EVL2). Thereafter,

the liquid refdigefaafe gas temperature sensing means (STH249 for
evaporates into a gas refrigerant in each of the evaporation sections

of the twosegkihgerart thegleretthangdsr s (dikskNargpd gas of 1918) lenwdsteagyear ns
to the high stage side conpressor (121). The refrigerant repeats this

circul ati ogided compreseBr tRea, oBhsr 1Baad, 131B) ihethéi sk steye siage
si de refrigerant circuit (103A) the four-way selector valve (33)

i s oper at egelreigelaat bischott (commectazm shown in solid lines in
Figure 9, the defrosting expansion valve (EV22) is fully cl osed and

the coofing expansd 0@x§s§hg§oﬁE\é%@vel Scod®rsonheahked @nCcopding tsatsuper heat
control. In the second stage side refrigerant circuit (103B), the

cool i ng expansiedte o fi\]gge GRYZLY Iox comial | 8d agonding Worguper heat

control . he I ow stage side re erant” circuits (103A)
and (103B) gvkaw SE@Q@dS'di'ﬁ EEEVllgﬁkﬁnb%glsﬁﬁéarﬁ?dthéonléxbe stage side

refrigerant circuit (103A, 103B), calculate a second amount
of change of opening {AEV2) based on the superheating degree
10 sensed by the superheating degree detecting means (27) and
change the opening of the motor-operated expansion wvalve
{(EVL1, EVL2) of the high stage side refrigerant circuit (120)
based on the first amount of change of opening (AEVll_, A
EV21} and the second amount of change of opening (AEV2); and
15 setting change means ({23¢) for calculating an amount of
increase of opening (AEV13, AEV23) based on the temperature
sensed by the discharge gas temperature sensing means {STH2)
when the sensed temperature is equal to or above a
predetermined temperature and then changing the setting of
20 the expansion valve control means (16} so that the expansion
valve control means (16) changes the opening of the motor-
operated expansion valve (EVL1, EVL2) Dbased on the first
amount of change of opening {AEV11, AEV2l) and the second
amount of change of opening { A EV2) and additionally the

25 amount of increase of opening (AEV13, AEV23).

8. The refrigerating system as claimed in claim 1, further

+
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15 | ow stage side conpressors (31A), (131A), (31B) and (131B) condense
into liquid refrigerants in the condensation sections of the
refrigerant heat exchangers (111A) and (111B), respectively. These
liquid refrigerants are reduced in ressure in the cooling expansion
val ves (EV21) and (EV21). 20 Thereafter, the liquid refrigerants evaporate
I nto gas refrigerants in the evaporating heat transfer pipes (105a)
and (105b) comespedhgvel y, and return to the | ow stage side conpressors
(31A), (131A), (31B) and (131B). The refrigerants repeat such '
circulation. 2%uperheadfiimighedegréa eatkectafingheneais i défantfdrasensing
exchangers (111A) and (111B), the high stage side refrigerant
exchanges the digairhaiattingheidgawesteayen ssdet e rgger aafr hgerade ddwtbeage
50 side refrigerants in the | ow stage side refrigerant circuits

(103A) and Hild3Bytage chaelecdctmpressiense12dn tiw dfbeer hhghd,stage Badehe
evaporator (50), the |low stage side refrigerants evaporate to generate
cool ed Bir rayrdilgheageokedcait ¢o®bs;the 5 inside of the storage.

- Qperation Control - A method for controlling the refrigerating

system (110) dighHdmg | gascogkinpgraperat i oensind hearext (@SHANi bédrwi th
reference to flow charts of Figures 11 and 12.
sensing the temperature of a discharge gas refrigerant of the
high stage side compressor (121) in the high stage side
refrigerant circuit (120);

10 the expansion valve control means (16) being set to
calculate a first amount of change of opening ( AEV11, A
EV21) based on the high pressure in the low stage side
refrigerant circuit (103A, 103B), calculate a second amount
of change of opening (AEV2) based on the superheating degree

15 sensed by the superheating degree detecting means (27) and
change the opening of the motor-operated expansion wvalve
(EVL1, EVL2) of the high stage side refrigerant circuit (120)
based on the first amount of change of opening (AEV11, A
EV21) and the second amount of change of opening (AEV2); and

20 setting change means (23¢) for calculating an amount of
increase of opening (AEV4) based on the temperature sensed
by the discharge gas temperature sensing means (STH1) when
the sensed temperature is equal to or above a predetermined
temperature and then changing the setting of the expansion

25 wvalve control means (16) so that the expansion valve control
means (16) changes the opening of the motor-operated

expansion wvalve (EVL1, EVL2) based on the first amount of

-_
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10 First in step ST31, upon receipt of detection signals from

t he sensors (SPH2), (STH2), (Tx), (SPHL), (SPL1l), (STH1) and (STL1),
an equival ent saturation tenperature TC[err] for a hi gh pressure in
the first |ow stage side refrigerant cirgguit (103A), an equi val ent
saturation tenperature TC[err] for a hig 15 pressure in the second | ow
stage side refrigerant circuit (103B), discharge gas tenperatures

Td[ err] andhBdgey rdf ofpémind i (X EV11, ArEVXecontd | the stagendi dmoonhpodssor s
(31A) and (131A) in the first |ow stage side refrigerant circuit
(103A), di stharge of opadnigenpeX &Vanesardl[ addl taodaTtll[ ethe] ahotive bifr st
and second low 20 stage side conpressors (31B) and (131B) 1in the
second | owincres#aa@deF Spedaingl (iAgerant circuit (103B), an in-storage air
tenperature Tx, an equivalent saturation tenperature TC[err] for a

hi gh pressure in the high stage side refrigerant circuit (120), an
equi val ent saturation tenperature TeH for a low 25 pressure in the high
st age shde 9efThgerafirigerating (328)kemaas cladmechairgechabnt 2ppduatthee TdH

of the high stage side conpressor (121) in the high stage side
refrigerantcanprdsing: ~ 51 (120)
and a suction gas tenperature Ts[err] of the high stage si de

conpressor (121)saperhepting degree ddiedtinghemeameed27pr ofeedseanistingst ep
ST32 to cal cul ate
the superheating degree of a suction gas refrigerant of the
high stage side compressor (121) in the high stage side

10 refrigerant circuit (120);

discharge gas temperature sensing means (8TH1) for
sensing the temperature of a discharge gas of the high stage
side compressor {121} in the high stage side refrigerant
circuit (120};

15 wet state detecting means (22a) for determining whether
the suction gas refrigerant of the high stage side compressor
{121} in the high stage side refrigerant circuit (120} is in
a wet state based on preset determination conditions and
outputting a predetermined wet state signal upon detection of

20 the wet state;

the expansion valve control means (16} being set to
calculate a first amount of change of opening (A EV11l, A
EV21l) based on the high pressure in the low stage side
refrigerant c¢circuit (103A, 103B}, calculate a second amount

25 of change of opening (AEV2} based on the superheating degree
sensed by the superheating degree detecting means (27) and

change the opening of the motor-operated expansion wvalve

AT




a super heati ng degree of a high stage side suction gas 5
SSH=Ts[err]-Te[err], a superheating degree of a high stage side

di,schar ge gas DSH=Td[err]-Tc[err], an equi val ent saturation
tenperature for a | ow stage side target ghi gh pressure
Tc[err]=0.4Tx+18, a variance in high pressures of the first |ow st age

side refrigerant circuit (103A) [err]=Tc[err]-Tc[err], a variance 10 in

hi gh pressuE¥sL1of EVER)secontie! biast atrysisiede efefinjaemant circyitcyil0{ 103B)
[err]=TC[ err]-Tc[err], a maxi num di scharge gas tenpera- ture in the !
first | ow $taage Srdethef figestammotntcuift ¢HARR) of op@diegr [(AVETd] éir],
Td[err]) and a maxi num di scharge gas tenperature in the second | ow
stage si de gvef1)i geidanhecCiseevhtl 4MOAB) ofl Schaidfeeraf] <X INTA[(AEY2) Toimdr])
Next, in steps ST33 through ST39, anmpbunts of change of openi ng are

cal cul at ed basedsettimge cmwee mespect (28s)stfare calculedihgbkas amount of
Specifically, in step ST33, an anmount of change of 20 opening [err]EV1l

i s detebm nedkased 6 dhentay ande Herlbasedi g the peeésssirase ofipbhe
first low stage side refrigerant circuit. (103A). Next, the process
proceeds wddeipst eif tSES34vett state sdemednifmemarthanwernt séktehdegecting
opening [err] EV21 based on the variance [err] in high pressures of the
second | owrsdz=age 622} 2hd thbni gheagting e tsef(tlioBB)ef thei expeaniédonot ed
that [err] EV11 and [err] EV21 correspond to those called "first
anount s of valve aharnge lomezpeni (16) iso tihe tpribee mxpamsdoni galviexontrhé

means {16)- changes the opening of the motor-operated

10  expansion valve (EVL1, EVL2) based on the first amount of
change of opening {AEV11l, AEV2l) and the second amount of
change of opening { A EV2) and additionally the amount of

decrease of opening {AEV5).

15 10. The refrigerating system as claimed in claim 1, further
comprising:

opening change means {22d) for sensing the opening of

the motor-operated expansion wvalve (12) and causing the

expansion wvalve control means (16) to change the amount of

20 change of opening according to the sensed opening to increase

the amount of change of opening when the opening is large or

decrease the amount of change of opening when the opening is

small.

25 11. The refrigerating system as claimed in claim 1, further
comprising:

an accumulator (24) provided between the refrigerant
R

AL A



52 process proceeds wth step ST35 to determ ne an anount of

change of opening A EV2 ("second anmount of change of openi ng")
based on the superheating degree SSH of the high stage side suction
gas. Next, the process proceeds with stgp S5 ST36 to deternmine an anpunt
of change of opening [err] EV13 based on the maxi num di scharge gas
“tenperature Td[err] in the first | ow stage side refrigerant circuit
(103A). Nekbatt kxgivaoeess (5) apdodbedssudttilonsteideSTa? thdreddiieghni abadn
anount of change of opening [err] EV23 based on the nmaxi num di scharge ‘'
gas tenperatdee cdfiordsfer r](1L8) the ssoontibbw stage siidle r ebfrgeesant
circuit (103B). It is to be noted that [err] EV13 and [err] EV23
correspondctiectihiasd3d) ; andal l ed "anounts of increase of opening” in the

pr esent invention. Next, the process proceeds with step ST38 to

det ermi ne an anmpdniofg cdterge afeaomeni2@p)A O {erginnta ofharde i iwrthge of
openi ng") based on the high stage side discharge gas tenperature TdH
Next, the ppemdng podceeds wodtosteperated SES®ans idet evmilre arflirouand of
change of opening A EV5 ("anmount of decrease of opening") based on the
super heat i egusing dder egpBfiblioh vhévei gbnstapemsans (l€rhbtogehgage tRE
Then, the process proceeds with step ST40 to determ ne an anount of
change of theuapenifnghaeige] cEVioheafinghackording to dockingerdeoeaspetint ed
expansion valve (EVL1) fromthe equati on

[ er r] EVL1=Fher r ENddd 8[cyar]iP +4perd¢ EDEBa@ O[tdver | Bdubferaf EWange of

opening when the opening is increased or increase the amount

10 of change of opening when the opening is decreased.

12. The refrigerating system as claimed in claim 1, wherein
the refrigerant heat exchanger is constituted by a

plate-type heat exchanger (5}.
15

W



Next, the process proceeds wth step ST41 to determine 25 whether the

sécond | ow stage side refrigerant circuit (103B) is in operation. If
the determination is YES, the process proceeds with step ST42 to
determ ne an anmount of change of 64 53
t he opening A EVL2 of the second cooling notor-operated expansi on

val ve (EVL2) fromthe equation A EVL2=7 A EV21+8 A

EV2+4[ err] EV23+20[ err] EV4+5[ err] EV5. ABETRAETdet ermi nati on is NO, change

of the opening of the second cooling notor-operated expansion 5 valve
(EVL2) is not made. ' As described so far, according to the fourth
enbodi nment , the first cooling notor-operated expansion valve (EVL1) is
control | ed basedlun tiedriigghapingsusystent Hadliudes | aw kevgstage side
refrigerant circuit (103A) and the superheating degree 10 of the suction
gas in therhifgligetrageé sideuief (2pefarnedibyuidnnectingl20)lowngtadedi sidaal |y
the di scharge gas tenperature in the first low stage side refrigerant
circuit5(leafpresser (4),di sckasgedgasdaneigpseat ut® 4 nat Heowhi gtadet agédei de
refrigerant circuit (120) and the superheating degree of the suction
gas 15 i mededvieirgh 63t age lowdeataghr isddearkpenstant valge) (7TWwhifbemedeot
second cool i ng not or - oper at ed expansi on valve (EVL2) is controll ed
based on t ke thingperptesstsenshtivie sxronsidrowaslwgand an evaporator (8)

in this order. The system also includes a high stage side
refrigerant circuit (3} formed by connecting a high stage
10 side compressor (9), a condenser {(10), a high stage side
receiver (11), a high stage side expansion valve (12) formed
of a motor-operated expansion valve and the cascade condenser
(5) in this order. The opening of the high stage side
expansion valve (12) is adjusted so that the pressure sensed
15 by a high-pressure sensor (SPH2) for sensing the high
pressure in the low stage side refrigerant circuit (2)

reaches a predetermined target high pressure.



Side refrigerant circuit (103B) and the superheating degree of the
suction gas in the high stage side refrigerant circuit 20 (120) and

addi tionally the discharge gas tenperature in the second | ow st age
side refrigerant circuit (103B), the di scharge gas tenperature in the
hi gh stage side refrigerant circuit (lig) and the superheating degree
of the suction gas in the high staée/s' e refrigerant circuit (120).
25 As can be seen fromthe above, the present enbodi nent is a
so-called multi-system in which the | ow stage side refrigerant
circuitry (103A, 103B) is conposed of a plurality

54 of pipelines and therefore |oad variation of the |ow stage side
refrigerant circuitry (103A, 103B) is extrenely large. Accordingly, the
effects of the present invention can gﬁ; rkably exerted. | ndustri al
Applicability As can be seen fr :kgg ove, the present invention is
useful for air conditioners, freezers, chillers and so on.
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CLAI M5 1. Arefrigerating system conpri sing: a high stage
side refrigerant circuit (3, 120) forned 5 by connecting a high stage

si de conpressor (9, 18, 121), a condenser (10, 122), a notor-operated
ekXpansi on val ve (12, EVL1, EVL2) and a refrigerant heat exchanger (5,
111A, 111B) in this order; a |l ow stage side refrigerant
circuit (2, 103A, 103B) 10 formed by cé@red®ing a | ow stage side
conpressor (4,. 31A 31B, 131A, 131B), the refrigerant heat exchanger
(5, 111A, 111B), an expansi on nechani sm (7, EV21) and an evapor at or
(8, 50) in this order; hi gh pressure sensing neans (SPH2),
provided in the low 15 stage side refFEEEiag% circuit (2, 103A 103B), for
sensi ng the high pressure in the t &de side refrigerant circuit
(2, 103A, 103B); and expansi on val ve control neans (16) for
controlling the not or - oper at ed expansi on valve (12, EVL1, EVL2) of the

high 20 stage side refrigerant circuit (2, 120) so that the pressure
sensed by the high pressure sensing neans,(SPH2) reaches a .
predet erm ned target high pressure. 1 The refrigerating system as
clained inclaiml, furth@r 25 conpri si ng>™”
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fenperature sensing nmeans (Tx) for sensing the t enperature of
tshe substance to be cool ed by the evaporator '

56 (8, 50); and target high pressure setting neans (23) for
setting the target high pressure of the expansion valve control neans
(16) Dbased on the tenperature sensed %g the tenperature 5 sensing
means (Tx). 3. The refrigerating y%ﬂgnlas claimed in claim1l,
further conpri si ng: | ow pressure sensing nmeans (SPL2), ;
provided in the low 10 stage side refrigerant circuit (2, 103A, 103B), for
sensi ng the |l ow pressure in the |ow stage side refrigerant circuit (2,
103A, 103B); and target high pressure setting neans (23) for
setting the target high pressure of the expansion valve control neans
15 (16) based on the pressure i@ d Qy the | ow pressure sensing means
(SPL2). 4. The refrigeratimg*systemas clainmed in claim1l1, further
. conprising: 20 tenperature sensing neans (Tx) for sensing the
Tew '
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fenperature of the substance to be cool ed by the evaporator (8);

loow pressure sensing neans (SPL2), provided in the | ow st age side
refrigerant circuit (2), for sensing the low 25 pressure in the |ow stage
side refrigerant circuit (2); transi ent state detecting neans
(23a) for determning whet her the ops;ation of the systemis in a
transient state 4 12 57 based on
preset particul ar determ nation conditions and outputting a
predeterm ned transient state signal upon detection of t he

transi ent state or out putting a pr edet er mi ned non-transient
state signal upon detection of a Eﬁi niSransient state; and

target pressure setting neans (23) gﬁo setting upon receipt of the
transient state signal the target high pressure of the expansion
val ve control nmeans (16) based on the tenperature sensed by the
tenperature sensing neans (Tx) 10 or setting upon receipt of the
non-transi ent state signal the target high pressure based on the

pressure sensed by the | ow P ensi ng nmeans (SPL2). 5.
The refrigerating system-as cIai&gdSThﬁEl; m 1, further

LOW STG. SIDE H.P. INPUT—TcL(CONVERTED SATN. TEMP.)
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IN-STORAGE TEMP. INPUT—Tx

- IS
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FOR QPMIN.
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( RETURN )



15 conpri sing: super heati ng degree detecting neans (27) for
sensi ng t he superheating degree of a suction gas refrigerant of the
hi gh stage side conpressor (18, 121) in the high stage side

refrigerant circuit (3, 120); and 20 t he expansi on val ve control
means (16) being arranged to control the notor-operated expansion

val ve (12, EVL1, EVL2) of the highbst/add side refrigerant circuit (3,
120) so that the pressure sensed by the high-pressure sensing neans
(SPH2) and the superheating degree sensed by the superheating 25 degree
detecting neans (27) reach a predeterm ned target high pressure and a
predeterm ned target superheating deg;EgL ﬁi respectively.

58 6. The refrigerating system 8& dinclaimb, further

conpri si ng: t he expansion val ve control neans (16) being set to
5 calculate a first amount of change of opening ([err]EV1) based on
the pressure sensed by the high-pressure sensing neans (SPH2) ,

cal cul ate a second anmount of change of o ing (A EV2) based on the
super heati ng degree sensgf by the sﬂggrheating degree deéecting means

(27) and change the ¢rj
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10 openi ng of the notor-operated expansion valve (12) of the hi gh
stage side refrigerant circuit (3) based on the first anount of change
of opening ([err]EV1) and the second anount of change of opening
(Terr]EV2); and setting change neans (22b) for changing the
setting of 15 the expansion valve control, K neans (16) so that the expansion
val ve control neans (16) changes the opéthdzof t he notor - oper at ed
expansi on val ve (12) solely based on the second anount of change of
opening ( [err] EV2) when the sensed . superheating degree is a val ue
beyond a predeterm ned range 20 and tf&i%%fgf anount of change of opening

([err]EV1) is positive. 7. The refrigerating systemas clainmed in
claim1, further conpri si ng: super heati ng degree detecting
means (27) for sensing 25 the superheat gree of a suction gas
refrigerant of the hi gh stage side ddWdrdssor (121) in the high stage
si de refrigerant circuit (120); NSTll

59 di-scharge—gastemperature—sersing _neans (STH2) —for

sensi ng t he LeWpdTas LﬁHSJE)fH-dD-diW§FQ§C@®WE§tTEB PAWNst ) side
conpressor |( BASTORAGE 1BEMP. 1INEBT-bMyt he | ow stage side

HIGH STG. SIDE L.P. INPUT—Ten(CONVERTED SATN. TEMP.)
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~5T12

HIGT STG. SIDE SUCT. GAS SUPERHTG. DEGREE SH=Tsu-Ten
LOW STG. SIDE TARGET H.P. Tcw=0.4Tx+18(CONVERTED SATN. TEMP.)
LOW STG. SIDE H.P. VARIANCE & =TcL—Tcwu

v __ST13

£ <-17 |-172e<-10}-10=5e<-3| -356<3 | 35¢<10 |102e<17 17=¢
AEV1i=-20| AEVi=—4| AEVi=-1| AEVi=0 | AEVi=1 | AEVi=4 | AEVi=20

SH<15 |15<SH<17]17<SH<25| 25=SH ~ST14
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ST16 3'5 17
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A
ST19 ~ AEV=(EVP/1000) X 10X AEVsuu
ST20
S
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ST21 ~  AEV=AEVXO0.7

| v

ST22 ~ OUTPUT AEV TO MOT.OP. EXP. VALVE(12)




fefrigerant circuit (103A, 103B); 5 t he expansi on val ve control

rfeans (16) being set to calculate a first anmount of change of opening
(,[err] "EV11, [err] EV21) based on the high pressure in the | ow stage
si de refrigerant circuit (103A, 103B), calculate a second anmpunt

of change of opening ([err] EV2) based on the superheatlng degree 10 sensed
by the superheating degree detecting mednd @ 7) and change t he opening
of the notor-operated expansion val ve (EVL1, EVL2) of the high stage
side refrigerant circuit (120) based on the first anpunt of change of
opening ([err] EV11, [err] EV21) and the second anobunt of change of
opening ([err]EV2); and 15 setting change neans (23c) for

cal cul ati ng an anount of i ncrease of opening ([err] EV13, [err]EV23)
based on the tenperature sensed by the discharge gas tenperature
sensi ng neans (STH2) when the sensed tenperature is equal to or above
a predeterm ned tenp ure and them chanmgimyg—the serting “of~ ~"20" The
expansi on val ve contr ol ®h o thgt the expangson val ve confrol
means (16) changes tﬁ§ oppn?hg\\ he notlor - ope&xat ed expansi on val ve
(EVL1, EVL2) based o& amount of changé&, of opening (AEVlH
[err] EV21) and the sedo 4@5 gt of [ch e ofw?ggnlng ( [err] EV2)!and
additionally the 25 anou ncr eass aPrgﬁgning [err] EV13, [err]EVZF).

V2 rg \ YN

[
8. The refrigerating systpnlgs clalgi§ in claiml, further
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60

sensi ng
hi gh. stage si de conpressor
circuit (120);

conpri si ng:
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fenperature and then changing the setting of the expansion 25 valve

gontrol neans (16) so that the expansion valve control nmeans (16)

changes  the opening of the notor-operated expansi on val ve (EVL1,
L2) based on the first anount of

61 change of opening ([err]EV1l, [erD]EV21) and the second anmount of

change of opening ( A EV2) and addition& I/y lZhe anount of i ncrease of

openi ng (AEV4). 5 9. The refrigerating systemas clainmed in claima1,

further conpri si ng: super heati ng degree detecting neans (27) °

for sensing t he superheating degree of a suction gas refrigerant of

t he hi gh stage side conpressor (121) in the high stage side 10
refrigerant circuit (120); di scharge gas tenperature sensing
means (STH1) for sensing the tenperature of a discharge gas of the

hi gh stage side conpressor (128.in EE hi gh stage side refrigerant
circuit (120); 15 wet state élé&li S)neans (22a) for determning
whet her the suction gas refrigerant of the high stage side conpressor
(121) in the high stage side refrigerant circuit (120) is in a wet
state based on preset det-erm nation conditions and

Tx SPH2 | |STH2| |SPH1} |STH1} |SPL1| |STL1

l

SUPERHTG. DEGREE |
DET. SECTION ' 17
927
LoV 576, SIDE | | IN-STORAGE TEWP.
H.P. DET. SECTION DET. SECTION |
15 99
HIGE S1G. SIDE
DISCH. TEMP. | SETégénggNGE
DET. SECTION — -
THoe 23¢
WET STATE [ TRGETEP. |
DET. SECTION SETIG. SECTION
—~9299 93
B VALTE |,
CONTROL SECTION

EVL1 EVL2




Butputting a predeterm ned wet state signal upon detection of 20 the wet
st ate; t he expansi on val ve control neans (16) being set to
calculate a first amount of change of opening ( A EV11, A EV21) based
on the high pressure in the | ow stage side refrigerant circuit (103A,
103B), cal culate a second amount 25 of cge ge of opening ([err]EV2) based
on the superheating degree sensed He superheating degree detecting
means (27) and change t he opening of the nDtor-operated expansi on

val ve (EVL1, EVL2) of the
hi gh stage side refrigerant circuit ( 0) based on the first amount of
change of opening ([err] EV11 , [err]l ébﬂl) and the second anount of
change of opening ([err]EV2); and setting change means (23c) for
cal cul ating an amount of 5 decrease of opening ( A EV5) based on the wet
state upon recei pt of the wet state gral fromthe wet state
detecting nmeans (22a) and then chhe setting of the expansion
val ve control nmeans (16) so that the exps oh val ve contr ol nedns 1
(16) changes the openlng of the notqf- operated 10 expansi on veYVe
(EVL1, EV2y—tbased—onthefirst—anount—of chrange—of—opentnyg

([err] EV11,LQ?erSr’I]GEVSJIDEaihSTt REPEEENE 0. dtvo UNPUAF—TcL1 (CONWER] éE]beIb'Hém'Iﬂ:B}IH )
[err] EV2)|1anw qedi irprabNy PEERIWEN, Rf INPUT—TeL2 (CONVERTED SATN. TEMP.)
LOW STG. SIDE 1ST PIPELINE DISCH. GAS TEMP. INPUT—Tdri1,TdL12

LOW STG. SIDE 2ND PIPELINE DISCH. GAS TEMP. INPUT—Tarat. TdLe2
IN-STORAGE TEMP. INPUT—Tx1

HIGH STG. SIDE H.P. INPUT—Tcxu(CONVERTED SATN. TEMP.)

HIGH STG. SIDE L.P. INPUT—Ten(CONVERTED SATN. TEMP.)

HIGH STG. SIDE DISCH. GAS TEMP. INPUT—Ta

HIGH STG. SIDE SUCT. GAS TEMP. INPUT—Tsu

ST32

HIGH STG. SIDE SUCT. GAS SUPERHTG. DEGREE SSH=Tsu-Ten

HIGH STG. SIDE DISCH. GAS SUPERHTG. DEGREE DSH=Tai-Tcn

LOW STG. SIDE TARGET H.P. Tcww=0. 4Tx+18 (CONVERTED SATN. TEMP.)
LOW STG. SIDE 1ST H.P. VARIANCE ¢ 1=TcL1—TcLu

LOW STG. SIDE 2ND H.P. VARIANCE & 2=TcL2—Tciu

LOW STG. SIDE 1ST DISCH. GAS TEMP. MAX. TeLimax=MAX(Tdvi1, TdL12)
LOW STG. SIDE 2ND DISCH. GAS TEMP. MAX. Taomax=MAX (Tdr21, Tdr22)

ST33
’

8<-17 [-172ec-10{-10s£81<-3 | -3=£1<3 | 3=81<10 [10=581<17] 172 a1
AEV11=-20| AEV11=—4| AEVi1=-1| AEV11=0 | AEVi1=1 | AEV1i=4 { AEV11=20
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decrease of opening ([err]EV5). 15 10. The refrigerating system as

ainmed in claim1, further conpri si ng: openi ng change neans
(32d) for sensing the opening of t he notor-operated expansi on val ve
(12) and causing the expansi on val ve control neans (16) to change the
anount of 20 change of opening according to the sensed opening to increase
t he ‘amount of change of openi ng when tHd ¢pdfing is large or decr ease
t he amount of change of opening when the opening is smal | . 25 11.
The refrigerating systemas clained in claim11, further conpri si ng:
an accumul ator (24) provided between the refrigerant
63 heat exchanger (5) and the sﬁgtgfn:fzge of the high stage si de
conpressor (18) in the high stage s ef er ant circuit (3); and
openi ng change neans (22d) for sensing a change in the 5 opening of the
not or - oper at ed expansi on val ve (12) and causi ng the expansi on val ve
control neans (16) to change the anount of change of openi ng accordi ng
to increase/ decease in (5)

SSH< 15 15=SSH<17 | 17=S8SH<25 25=SSH ~— ST35
AEV2=-1 AEV2=0 AEVe=1 AEVe=2

TdLimax <120 120 S TdLimax <125 1256 STdLimax o ST36
A EV13=0 AEVis=1 AEVis=2

TdLomax <120 120=TdLamax <125 125 S Tdizmax - ST37
AEV23=0 AEVes=1 A EVe3=2

Ta<115 |1156=Ta<120|120=Tai<125 125=TaH ~ ST38

AEV4=0 AEVs=1 AEVs=2 AEV4=3
DSH< 20 20=DSH< 65 65<DSH  ST39
AEVs=1 A EVs=0 "~ AEVs=1

A
OUTPUT AEVL1=7 AEV11+8 AEV2+4 AEV13+20 AEV4+ AEVs | ST40
TO MOT.OP. EXP. VALVE (EVL1)

ST41

IS
CASCADE UNIT 2ND PIPELINE
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YES

OUTPUT AEVi2=7 AEV21+8 AEV2+4 AEV23+20 AEVa+5 AEVs | 49
TO MOT. OP. EXP. VALVE (EVL2)
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(RETURN)




:ﬁhe sensed opening to decrease the anount of change of openi ng when the
opening.is increased or increase the anount 10 of change of openi ng when

the opening i s decreased. 12. The refrigerating systemas clainmed in
claiml1, wherein the refrigerant heat exchanger is constituted by
a pl ate-type heat exchanger (5). %g /12

Fig. 13
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