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Technical Field
This invention relates to a self-operated

regulating valve, and a compression refrigerating machine

having it.

Background Art

FIG. 9 is a system diagram showing a multistage
compressionturbo—refrigeratingmachineaccordingto;mior
art. As shown in the drawing, in an evaporator 1, a
refrigerant liquid (e.g., an organic refrigerant such as
a fluorocarbon) is heated with cold water (or brine) 3,
flowing in a tube 2, to generate a refrigerant gas. At this
time, the cold water 3 is cooled by heat exchange in the
evaporator 1, and then delivered to the outsigde.

A turbo-compressor 4 having two impellers takes in
the refrigerant gas evaporated by the evaporator 1,
compresses it at two stages by the two impellers rotated
by an electric motor (not shown), and discharges a high
temperature, high pressure refrigerant gas. A refrigerant
gas from an inter-cooler 5 is also taken into the impeller
located at the second stage (intermediate stage). In a

condenser 6, the high temperature, high pressure




cpbled with cooling water 8, flowing in a tube 7, to condensate and
liquefy it. At this time, the cooling water 8 is heated by heat exchange
In the condenser 6, and then discharged to the outside. A refrigerant
liquid formed by condensation is accunulated at the bottom of the
--condenser 6. The inter-cooler 5 evaporates part of a refrigerant supplied
fromthe condenser 6, and allows the resulting refrigerant gas to be taken
into the second stage of the turbo-conpressor 4 via a pipe line 10. Then,
“the refrigerant gas is conpressed by the second-stage inpeller to increase
| at ent heatrefEigeriant gast@bs¢harged doasm the tupkor ePMPELEEAT 4 ilfuid fed
fromthe condenser 6 is reduced in pressure by a first-stage orifice to an
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For this purpose, nternedli ate suction valve 9 is put into the pipe
line 10 tgqg regulate the flowrate of the refrigerant gas supplied 2

The inter-cooler 5 evaporates part of a refrigerant
supplied from the condenser 6, and allows the résulting
refrigerant gas to be taken into the second stage of the
turbo-compressor 4 via a pipe line 10. Then, the
refrigerant gas is compressed by the second-stage impeller
to increase latent heat. That is, in the inter-cooler 5,
the refrigerant liquid fed from the condenser 6 is reduced
in pressure by a first-stage orifice to an intermediate
pressure to expand it, converting it into a refrigerant gas
partly. This refrigerant gas, as stated above, is taken
into (intermediately sucked into) the second-stage
impeller of the turbo-compressor 4. On the other hand, the
remaining refrigerant liquid cooled upon evaporation of the
refrigerant liquid is further reduced in pressure by a
second-stage orifice, and then fed into the evaporator 1.
Simultaneously, the inter-cooler 5 has the function of
retaining a constant pressure difference between the
condenser 6 and the evaporator 1. For this purpose, an
intermediate suction valve 9 is put into the pipe line 10

to regulate the flow rate of the refrigerant gas supplied




into the turbo-conpressor 4 via the pipe line 10. Concretely, the internal

pressure Pl of the condenser 6 and the internal pressure P2 of the

evaporator 1 are detected, and a pressure switch is activated on condition

that a differential pressure, OP, between the two pressures exceeds a set

~value. Upon activation of the pressure switch, an electromagnetic valve or
an electric valve is opened. Wereas the valve is closed when the

- differential pressure is not nore than the set value. That is, the above-

" described intermediate suction valve 9 according to the prior art is
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Whereas the valve is closed when the differential pressure
is not more than the set value. That is, the above-
described intermediate suction valve 9 according to the
prior art is constituted as a valve comprising the pressure
switch and the electromagnetic or electric valve
integrated.

With the turbo-refrigerating machine according to
the prior art, a valve comprising a pressure switch and an
electromagnetic or electric valve integrated is used as the
intermediate suction valve 9 for maintaining the pressure
difference between the internal pressure of the evaporator
1 and the internal pressure of the condenser 6 at a constant
value. Thus, the intermediate suction valve 9 itself is
large in size and expensive. The cost of the turbo-
refrigerating machine is boosted accordingly.

With the turbo-refrigerating machine, moreover,
there are generally other cases, in addition to the
above-mentioned case, in which the flow rate of a fluid,
such as a refrigerant, needs to be adjusted in accordance

with the differential pressure between one of the pressures,



3 P1, and the other pressure, P2, i . e. , OP (=Pl - P2) . The present
«invention has been acconplished in light of the above-described prior art,
and its object is to provide a self-operated regulating valve, and a
conpression refrigerating machine having it, which are capable of

--aut ononously opening or closing a valve for flowing a fluid, such as a
refrigerant, with the use of a |ow cost, sinple configuration in

- accordance with a differential pressure between a pressure at one site and
" a pressure at another site. Disclosure of the Invention A first invention
for attai nimg ahd zhevethejrepressure,s®:f -bperatdR (=il at Pad-val ve
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a set val ue, _ and pi pe I'1tnes connected to the val ve body
comuni cat eeifriHd O f1RA &S elkliclPas a4 etk fiegdwdn thg walh/&he use of a

low cost, simple configuration in accordance with a
differential pressure between a pressure at one site and

a pressure at another site.

Disclosure of the Invention

A first invention for attaining the above object
is a self-operated regulating valve characterized in that
one pressure introduced into one pressure transmission
chamber, which is a space formed between a cylindrical valve
body and one end surface of a spool formed axially movably
in an internal space of the valve body, acts on the one end
surface of the spool; other pressure introduced into other
pressure transmission chamber, which is a space formed
between the valve body and the other end surface of the spool,
and a spring force of a preload spring acts on the other
end surface of the spool; and a through-hole is provided
in the spool, whereby when a difference between the one
pressure and the other pressure exceeds a set value, the
through-hole and pipe lines connected to the valve body

communicate to bring the self-operated regulating valve
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4 into an open state, while when the dif f erence does not exceed the set
val ue, the through-hole and the pipe lines are cut off to bring the

sel f-operated regulating valve into a closed state. According to this

i nvention, the valve can be opened or closed according to the differenti al
-pressure between the one pressure and the other pressure. Consequently, a
si npl e-structured i nexpensi ve val ve can be supplied. A second invention is
- a self-operated regulating valve characterized in that one pressure
“introduced into one pressure transm ssion chanber, which is a space forned

bet ween a dyitimapiapan state. midylewken theHdd eranqeoaoep Nk ekeest dway

t hrough a spool, acts on the f |ange rtio of the ool ; other pressure
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erential press e betWeen the one pressure and the other pressure, whereby
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openi ng ends of two pipe Tines connected to the valve body. According to
this inventdondddd ddtdddind td RhenbieRerbheida! yPes3arbepethvesnt i cal |y

opened or closed according to the differential pressure between the one
pressure anthd mephesswiresangethéiottdrs pressurihe cogsequently, a
simple-structured inexpensive valve can be supplied.

A second invention is a self-operated regulating
valve characterized in that one pressure introduced into
one pressure transmission chamber, which is a space formed
between a cylindrical valve body and a flange portion
provided midway through a spool, acts on the flange portion
of the spool; other pressure introduced into other pressure
transmission chamber, which is a space formed between the
valve body and one end surface of the spool formed axially
movably in an internal space of the valve body, acts on the
one end surface of the spool; and the spool moves according
to a differential pressure between the one pressure and the
other pressure, whereby the other end surface of the spool
closes or opens a region between opening ends of two pipe
lines connected to the valve body.

According to this invention, like the first
invention, the valve can be automatically opened or closed
according to the differential pressure between the one
pressure and the other pressure. At this time, the region

between the opening ends of the two pipe lines connected



bet ween the opening ends of the two pipe lines connected 5 to the valve
body is closed or opened by the other end surf ace of the spool in
accordance with the novenent of the spool. Thus, sealability at this site
can be maintained nore satisfactorily. Consequently, a sinple- structured
~ i nexpensive val ve can be supplied, with sealability of the opening/closing
portion being further inproved. Athird invention is a self-operated

- regulating valve characterized in that a pressure of a f luid controlled
" by the self -operated regulating valve acts, as one pressure, on one end
surface of to theolaliver bedy dsi clésedovaipeneédbyithe otkengndssuxfacs a
cylindrical valve body; other pressure introduced into a pressure

transni ssi @f ¢henbpeolvikn @edordanospudEhi thenmpvamede #ft RRe\&RRL body and
the other end surf ace of the spool, and a spring f orce of a preload
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provided in the spool,, whereby when di fference between the one pressure
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bring the = ] ating val've into a closed state. According to
this invention, thg yghye ¢AleR€ioAULSNA 562kl ¥pepated fegahasedgaccording

to the
valve characterized in that a pressure of a fluid controlled
by the self-operated regulatingvalve acts, as one pressure,
on one end surface of a spool formed axially movably in an
internal space of a cylindrical valve body; other pressure
introduced into a pressure transmission chamber, which is
a space formed between the valve body and the other end
surface of the spool, and a spring force of a preload spring
acts on the other end surface of the spool; and a
through-hole is provided in the spool, whereby when a
difference between the one pressure and the other pressure
exceeds a set value, the through-hole and pipe lines
connected to the valve body communicate to bring the
self-operated regulating valve into an open state, while
when the difference does not exceed the set value, the
through-hole and the pipe lines are cut off to bring the
self-operated regulating valve into a closed state.
According to this invention, the valve can be
automatically opened or closed according to the

differential pressure between the one pressure, the

pressure of the fluid to be controlled, and the other



differential pressure between the one pressure, the pressure of the fluid
~ to be controlled, and the other 6 pressure. Consequently, there can be
supplied a valve of a sinpler structure and at a |lower price than the
sel f- operated regul ating valve described as the f irst invention. A fourth
~invention is a multistage conpression refrigerating nmachi ne having an

I nter-cooler, <characterized in that the self -operated regul ating val ve

- described in the first invention or second invention is interposed m dway
“through a pipe line for returning a refrigerant fromthe inter-cooler to a
conpr essor pressune.er fanspAUSdELY . othere af e suPPldREr acvrh¥e e pressure
on the self-operated reqgulating valve, and an internal pressure of an
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froma casing housing a spee ncreasi ng gear and inpellers,
described in the first invention or second invention is
interposed midway through a pipe line for returning a
refrigerant from the inter-cooler to a compressor; an
internal pressure of a condenser 1s exerted as one pressure
on the self-operated regulating valve, and an internal
pressure of an evaporator is exerted as other pressure on
the self-operated regulating valve, whereby when a
differential pressure between the two pressures exceeds a
set value, the self-operated regulating valve is brought
into an open state.

According to this invention, the pressure of the
inter-cooler can be adjusted to an appropriate value
autonomously by a valve of a simple structure and at a low
price.

A fifth invention is a compression refrigerating
machine having a compressor configured such that a bulkhead
separates a casing housing a drive motor of the compressor
from a casing housing a speed increasing gear and impellers,
sealing means is provided in a gap between a rotating shaft
plercing through the bulkhead and the bulkhead so that a

lubricating oil having lubricated the speed increasing gear



sealing neans is provided in a gap between a rotating shaft piercing

» through the bul khead and the bul khead so that a |lubricating oil having

| ubricated the speed increasing gear 7 does not enter the casing for the

drive notor, a refrigerant gas is introduced into the casing for the drive

~.notor to cool respective portions of the drive notor, and the refrigerant

gas is then discharged fromthe casing, and characterized in that the self

- -operated regul ating val ve described in any one of the first to third

“inventions is interposed mdway through a pipe line for discharging a

cool i ng r elgdegehabtentfgrothe kmstiasy Bgrfthe dtheednd teer matmefrigeranter nal

pressure of the casing for the drive notor is exerted as one pressure on

t he sel f - ogarsatied intguidaicedy indlovéheandsingi fiorr bhe dplegeonita he casing

for the speed increasing gear is exerted as other pressure on the self

- oper at ed rcepdl atesmectiate; @oniHanspiidie Ardive &y aland d&ire bet ween

the two pressures exceeds a set value, the self -operate regulqiing
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aut ononous|SparRcheTiAfb ek fhelal ue by a valve of a sinple structure and
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can be prevented. [ ression refrigerati machi ne

having a C%r}Per %is%he‘:?ﬂ:&gu&?dcﬂi%‘ :Ltn%tntions is interposed midway

through a pipe line for discharging a cooling refrigerant
from the casing for the drive motor, an internal pressure
of the casing for the drive motor is exerted as one pressure
on the self-operated regulating valve, and an internal
pressure of the casing for the speed increasing gear is
exerted as other pressure on the self-operated regulating
valve, whereby when a differential pressure between the two
pressures exceeds a set value, the self-operated regulating
valve is brought into an open state.

According to this invention, the internal pressure
of the casing for the drive motor can be adjusted
autonomously to an appropriate value by a valve of a simple
structure and at a low price, whereby entry of the
lubricating oil from a gear chamber can be prevented.

A sixth invention is a compression refrigerating
machine having a compressor configured such that a
refrigerant gas is introduced into a casing of a drive motor
of the compressor to cool respective portions of the drive
motor, and then the refrigerant gas is discharged from the

casing, and characterized in that



refrigerant gas is introduced into a casing of a drive notor of the
conpreessor to cool respective portions of the drive notor, and then the
refrigerant gas is discharged fromthe casing, and characterized in that 8
the self -operated regulating valve described in any one of the first to
~third inventions is interposed mdway through a pressure equalizing pipe
line for equalizing a pressure on a refrigerant supply port side, where a
- cooling refrigerant is introduced, with a pressure on a refrigerant

~ discharge port side, where the cooling refrigerant is discharged, wthin
the casing of the théselfppperaied regukatdngpvasvardessriad LBfaNYer ant
supply port side of the casing is exerted as one pressure oq_ he self
-oper at ed onegoffathagtimst o rgh inNeatAgPspt 8 sSHEF RS ¢H AN ‘*"@‘Yri ger ant

di scharge port side of the casing_is exerted _as of her pressure on the self
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refrigerant can
internal pressure on the refrigerant supply port side of
the casing is exerted as one pressure on the self-operated
regulating valve, and an internal pressure on the
refrigerant discharge port side of the casing is exerted
as other pressure on the self-operated regulating valve,
whereby when a differential pressure between the two
pressures exceeds a set value, the self-operated regulating
valve is brought into an open state.

According to this invention, the differential
pressure between the internal pressure on the refrigerant
supply port side of the casing of the drive motor and the
internal pressure on the refrigerant discharge port side
of the casing can be autonomously adjusted to an approprilate
value by a valve of a simple structure and at a low price,
whereby the cooling effect of the cooling refrigerant can
be fully exhibited, and rotation load on the drive motor
by the cooling refrigerant can be adjusted in an appropriate
range.

A seventh invention is a compression refrigerating

machine having a compressor configured such that a



be fully exhibited, and rotation load on the drive notor by the cooling
refrigerant can be adjusted in an appropriate range. A seventh invention
I's a conpression refrigerating machine having a conpressor configured such
that a 9 lubricating oil is stored in a casing, and the lubricating oil is
- circulated by an oil punp to lubricate rotary portions, and characterized
in that the self -operated regulating valve described in the second
~invention is i nt erposed m dway through a pipe line leading f roma
condenser to the casing, an internal pressure of the casing is exerted as
one pressuneuyidatdmebll- bpertatred ineyasing aadvehe IMPricakiingressure
of the lubricating oil is exerted as other pressure on the self-operated
regul ati ngfmlaill .il.lepi\r?lwelﬂ-ettrmgnavidi PEBP &0t U IR HPEATE AT N e t wo
pressures f alls short of a set value, the self-operated regulating valve
i s brought ané charasperizadia thathis invention,pmhen t he gil pung st ops
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of the casing is exerted as one pressure on the self-operated

regulating valve, and an oil pressure of the lubricating

oil is exerted as other pressure on the self-operated

regulating valve, whereby when a differentlial pressure

between the two pressures falls short of a set value, the

self-operated regulating valve is brought into an open

state.

In this invention, when the oil pump stops because

of a power failure, supply of the lubricating oil by the

oil pump is stopped, and the oil pressure of the oil pump,

i.e., the other pressure, rapidly drops. Thus, the

pressure difference from the pressure inside the casing,

i.e., the one pressure, is less than the set value, opening

the self-operated regulating valve. As a result, stoppage

of the refrigerating machine due to the power failure

results in the expansion of the liquid refrigerant in the

condenser, followed by its introduction into the casing.

Its pressure acts on a head tank in the casing. The pressure

of the refrigerant introduced into the head tank replaces

the function of the oil pump, and continues to supply the

lubricating oil. Even if the supply of the lubricating oil

10



results in the expansion of the liquid refrigerant in the condenser,

> foIIdMed by its introduction into the casing. |Its pressure acts on ahead
tank in the casing. The pressure of the refrigerant introduced into the
head tank replaces the function of the oil punp, and continues to supply

- the lubricating oil. Even if the supply of the lubricating oil 10 a is cut
off, therefore, the lubricating oil can continue to be supplied to the

_rotary portions whi ch continue rotating wunder an inertial f orce. Hence, a
problem such as seizure of the rotary portion, can be avoided. An eighth
i nvention i1 aueosPf psdieare fioafer,i Gbratubri catisy wd 1c6aPrFRRRENEE FA n
refrigerant systemand a |lubrication system provided separately and
i ndependentiey supphéedst thef FPHAFAMO S WRASRUEPRELBUS dt ressor

having rotary portions rotatably supported b fluid .bearin | ng a
Lef LI ?er antunlﬁeq-‘uﬂﬂhidte%tjm]r EPRGef| ul'ﬁ) 1cend p%%g%ﬁmcﬁﬁqrbﬁ?esae%u%ﬁé t ﬂat a
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punp is fed fif}3 N80 BYsRe hPovLied R petatiedss ahdaliiependently,
the main refrigerant system including a rotary compressor
having rotary portions rotatably supported by a fluid
bearing using a refrigerant liquid as a working f£luid, and
being configured such that a high temperature, high
pressure refrigerant gas formed upon compression by thé
compressor is condensed by a condenser, then supplied to
an evaporator for evaporation, and returned to the
compressor as a refrigerant gas, and the lubrication system
including a refrigerant tank for storing a refrigerant
liquid, and a refrigerant pump, and being configured such
that the refrigerant liquid pumped up by the refrigerant
pump is fed to a bearing portion of the compressor and
circulated, and characterized in that

the self-operated regulating valve described in any

one of the first to third inventions is interposed midway
through a pipe line as a communication between a liquid
reservoir of the condenser and a pipe line forming the
lubrication system, an internal pressure of the liquid

reservoir is exerted as one pressure on the self-operated

regulating valve, and an internal pressure of the pipe line
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circulated, and characterized in that the self -operated regulating val ve
described in any one of the f irst to third inventions is interposed

m dway through a pipe line as a conmuni cation between a liquid reservoir
of the condenser and a pipe line formng the lubrication system an

I nternal pressure of the liquid reservoir is exerted as one pressure on
the self -operated regulating valve, and an internal pressure of the pipe
line 11 of the lubrication systemis exerted as other pressure on the

sel f-operated regul ating val ve, whereby when a differential pressure

bet ween t hgft WRe PIEEEUEEE1 6% CEpsisen i elkerdledeast bther| prepeune o

regul ating valve is brought into an open state. According to this

i nvention, thecyelllf -dperateld irgpeudat imgnyaiveak syheéawbyt whempdde circul ation
of the refrigerant liquid through the refrigerant system the_ refrigerant
liquid candiffexeptiied pressule betueen thedWweoPressuUrfe ¢X8e¢¢%td on system

via the self-operated regulating valve. Thus, a problegg% uch gs seizure
of the beseitnyalven bbeaselfcaperstedveeguiafingryalye ugﬁ}foduced by

a sinple-structured, inexpensive valve. Brief Description of the Draw ngs
FIG 1 is 4ndor @ @Pa" &t@ti®rg showing a sel f- operated regul ating val ve

tructural dravi ng SRORTAS aScrpls LnVeREESE IO oI Bhe IO 215 @
refrigerant pump breaks down to impede circulation of the
refrigerant liquid through the refrigerant system, the
refrigerant liquid can be supplied from the liquid
reservolr to the lubrication system via the self-operated
regulating valve. Thus, a problem, such as seizure of the

bearing, can be avoided. Moreover, this effect can be

produced by a simple-structured, inexpensive valve.

Brief Description of the Drawings

FIG. 1 is a structural drawing showing a self-
operated regulating valve according to a first embodiment
of the present invention.

FIG. 2 1is a structural drawing showing a self-
operated regulating valve according to a second embodiment
of the present invention.

FIG. 3 is a structural drawing showing a self-
operated regulating valve according td a third embodiment
of the present invention.

FIG. 4 is a system diagram showing a turbo-
refrigerating machine according to a fourth embodiment of

the present invention.
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operated regul ating valve according to a second enbodi ment of the present
invention. FIG 3 is a structural drawing showi ng a self- operated

regul ating valve according to a third enbodi ment of the present invention.
FIG 4 is a systemdiagram showi ng a turbo- refrigerating machi ne according
to a fourth enbodi ment of the present invention. 12 FIG 5 is a system

di agram showi ng a turbo- refrigerating machi ne according to a fifth

enbodi ment of the present invention. FIG 6 is a system diagram showi ng a
~ turbo- refrigerating machine according to a sixth enbodinent of the
present invention.pfdG 5 71i$ Saaspysémndthguamnsisdwimgga atebdo-
refrigerating machine according to a seventh enbodi ment of the present

i nvent i on. relf@igriatines ymtotrindi agecamddhguikngaaf 1 fkbembedimert 2f ng
machi ne according to an eighth enbodi nrent of the present invention. FIG 9

S a_systemhwgﬂp&ﬁﬂnﬂujnvqptiqnntistage conpression turbo-refrigerating
machi ne according to prior art. Best Mde for Carrying Qut the Invention
Enbodi nents of theFFFesentsiaveristem @}@Qr%meﬂ%§%$?%eﬂ TArBRtai | based on
t he acconpanyi ng draw ngs.
refrigerating machine according to a sixth embodiment of
the present invention.
FIG. 7 is a system diagram showing a turbo-
refrigerating machine according to a seventh embodiment of
the present invention.
FIG. 8 is a system diagram showing a turbo-
refrigerating machine according to an eighth embodiment of
the present invention.
FIG. 9 is a system diagram showing a multistage

compressionturbo—refrigeratingmachineaccordingto;mior

art.

Best Mode for Carrying Out the Invention

Embodiments of the present invention will be
described in detail based on the accompanying drawings.
<First Embodiment>

FIG. 1 is a structural drawing showing a self-
operated regulating valve according to a first embodiment
of the present invention. As shown in the drawing, a valve
body 11 of the self-operated regulating valve I forming a
cylindrical closed space has an inlet lla and an outlet 11b
formed at opposed positions of a central portion thereof

for incoming and outgoing of a fluid. In the inside space,

13



<First Enbodinment> FIG 1 is a structural draw ng showi ng a -
Jegulating valve according to a first enbodimentg of thegpre:2LI igegﬁﬁfgﬁ
As shown in the drawing, a valve body 11 of the self-operated regulating '
val.ve | formng a cylindrical closed space has an inlet 1la and an outl et
- lib formed at opposed positions of a central portion thereof for incom ng
and outgoing of a fluid. In the inside space, 13 a spool 13 is housed. The

sel f-operated regulating valve | is connected to pipe lines 12 and

| val \ 12,

| ocated above and below it in the drawing, via thg P | et, 11a _3gnd the
outlet |il.spbelshddls housed.a The R trRerated Eﬁﬁ&@é’&%’ﬁ YReVeinlet 11a

and the outlet Iib and serving as a passage_f the flui ' '
in me id nt &r hal c?@a@@teﬁ tneoing \;léne%oélﬁ gna; b2, He°$‘?’b'?1‘¥l-ag’n°d’?ﬂngf’ltdsdi8|rleg? |b1)ﬁ
! e drawi ng al on the axial directign. ' [
|r _rrposetil5 oil?géﬁé’ é]:ﬁdj(?%u?l?%\c‘%rq}fi’l%e Vsﬁ‘oéiﬁel?séﬂig&ggg%gﬁ[r%%p%ﬁg%ﬁ. | SO
I ngs ; are fitted on e out | f&Bﬁb |
end portiofdPoi THE §588$ !L%%%sf%?{%#)o\%drp_gg%%s et Weensﬁeﬁdr g:lsi'{peeg'??vlee}ce;d

LSS A 516, 035 Wk s e

1 €se respective spaces serve as pressure

transmi ssi gp CPATDE! Snlt'1s 531 AHB1EN REAEPIn AN AT 8paUEDPthearmlwd her
pressure PZ"Via pressure transm ssion pipes 19, 20 and pressure

'St”;[ gd:“r:]t ;h%[agﬁp%l fginhhg? gl%itgi@at}‘-%mdem dfwec B enbrity dtawiRg@langhows a
the axial direction. A predetermined preload is imposed
on one end surface of the spool 13 by a preload spring 14.
O rings 15, 16 are fitted on the outer peripheral surface
at right and left end portions of the spool 13 to form two
spaces between the respective end surfaces of the spool 13
and the respective end surfaces of the interior of the valve
body 11. These respective spaces serve as pressure
transmission chambers 17, 18, which accept one pressure Py
and other pressure P, via pressure transmission pipes 19,
20 and pressure introduction holes 1lc, 114 formed in the
valve body 11. FIG. 1 shows a state in which a differential
pressure AP between the one pressure P, and the other
pressure P, 1s at a set value or higher to render the
self-operated regulating valve I open. At this time, the
1eft end surface of the spool 13 contacts a stopper 22 to
have its position restrained. When the differential
pressure AP decreases, by contrast, the spool 13 moves
rightward in the drawing according to the amount of the

decrease, and when its right end surface contacts a stopper

21, its position is restrained to stop the spool 13. As
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pressure AP between the one pressure Pl and the other pressure P2 is at a
- set value or higher to render the self-operated regulating valve | open.
At this tine, the left end surface of the spool 13 contacts a stopper 22
to. have its position restrained. Wien the differential pressure OP
- decreases, by contrast, the spool 13 noves rightward in the draw ng
according to the anount of the decrease, and when its right end surface
contacts a stopper 21, its position is restrained to stop the spool 13. As
14 noted f romthis, at a time when the spool 13 contacts the t opper 21,
the self - mpéed: Edomeghlaiiay adiime whesnthet 8Po@l {13 |ICRTALS e. At a
time when the spool 13 contacts the stopper. 22, the_self -operated

regul at i ng steppen 28enthe 3lE-qngratbregudatingsyalvg EYETet > FIGc 2
is a structural drawi ng show ng a self- operated requ | ng v.al e accordi ng
to a second@ éﬁ%édpﬁﬁﬁﬁg statee Ptedehime it .SB§°iﬁ%éw¢QQ#a9§}<jramﬁng,

a self -operated requlating valye |1 _i esi gne t 1 WePr ESSUTr €
P, introdud®® FEPBPS%eZ%)r ég"gu?@![tY'F3B§ﬁ?§§1qo‘rnegq@ha}r%§%}% 5 spfcsg f or med
bet ween a tubul al ve bo 111 and a f |ange portion 113a provided

m dway thr&ﬁbﬁ'?@$§iﬂpeﬁ. ,aEﬁhs on the flange portion 113a. The spool 113
Is novable axially in the internal space of the valve body 111. Anot her
pressure transm ssion chanber 118 is a space formed between the val ve body

111 and ong brd Hmdninde spool

FIG. 2 is a structural drawing showing a self-
operated regulating valve according to a second embodiment
of the present invention. As shown in the drawing, a
self-operated regulating valve II is designed such that one
pressure P; introduced into one pressure transmission
chamber 117, a space formed between a tubular valve body
111 and a flange portion 113a provided midway througha spool
113, acts on the flange portion 113a. The spool 113 is
movable axially in the internal space of the valve body 111.
Another pressure transmission chamber 118 is a space formed
between the valve body 111 and one end surface of the spool
113. Another pressure P, acts on the one end surface of
the spool 113. A preload spring 114 is fitted on a portion
of the spool 113 facing the pressure transmission chamber
117 to press the spool 113 constantly leftwardly in the
drawing. Thus, in a normal situation, the spool 113 is
moved leftward in the drawing by the spring force of the
preload spring 114 (the position of the spool 113 at this
time is indicated by solid lines in the drawing). When the

other pressure P, 1s greater than the sum of the one pressure
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113. Another pressure P2 acts on the one end surface of the spool 113. A
~ preload spring 114 is fitted on a portion of the spool 113 facing the
pressure transm ssion chanber 117 to press the spool 113 constantly
|l eftwardly in the drawing. Thus, in a normal situation, the spool 113 is
-nmoved |leftward in the drawing by the spring force of the preload spring
114 (the position of the spool 113 at this tine is indicated by solid
~lines in the drawing). Wen the other pressure P2 is greater than the sum
of the one pressure 15 P1 and the spring force of the preload spring 114,
the spool Pllshdnbhessprimg foance aftihe aravrad. spxing Lilfesthe £P are
connected to an inlet 1l1la and an_ out]et 111b provided in the val ve body

il:SLléI Qzeg J:eré:[sEIOEVf% Héigl\é'&l latlﬁii _ti‘é’(vté’@nt qu‘?é”jnrﬂr{et lila and the outlet IIlb
, € Spoo i.n act w t i,aht-h [
tlhe d(rjawj[ ntg, t\c/)\hbr? ht]r?e“ersel ilén Eggt%%nc%ﬂae%ep&eltlgi %gsﬁﬁ‘iégﬁ%pfrlzlfé :atn
cl osed state. en .t 1 tact -h [
Growing. e A e AP ptbvaSRY 3 e kEbe BBRyPLRRPRIAd e 10 L0

to bring the J&qi o Retyean| %%t?egﬁ khBe$nide fifa dd@ Ke Buensen state.

The one pressure Pl is introduced Tnto the pressure transn ssion chanber
117 via 3 PSS We cidepMesiP il RHddd.1 B dd ey reissaire P2 is

introduced into the pressure transm ssion chanber 118 via a pressure

transm ssi g g itha?d stbpperulRL airs thkSdradingd talerding €heinegion
between the pipe lines 112 é.nd 112 to a closed state. When
the spool 113 contacts a left-hand stopper 122 in the drawing,
the region between the inlet 1llla and the outlet 111b is
opened to bring the region between the pipe lines 112 and
112 to an open state. The one pressure P, is introduced
into the pressure transmission chamber 117 via a pressure
transmission pipe 119, and the other pressure P is
introduced into the pressure transmission chamber 118 via
a pressure transmission pipe 120. The numerals 115 and 116
denote O rings.

With the above-described self-operated regulating
valve II, when a differential pressure AP between the one
pressure P, and the other pressure P, takes a set value or
higher, the spool 113 falls into a state indicated by two—dot
chain lines in FIG. 2. That is, the spool 113 contacts the
stopper 121, bringing the self-operated regulating valve
II to a full-closed state. On the other hand, when the
differential pressure AP takes less than the set value, the
spool 113 falls into a state indicated by solid lines in

FIG. 2. That is, the spool 113 contacts the stopper 122,
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Wth the above-described self-operated regulating valve Il, when a
differential pressure OP between the one pressure P1 and the other
pressure P2 takes a set value or higher, the spool 113 falls into a state
i ndi cated by two-dot chain lines in FIG 2. That is, the spool 113

- contacts the stopper 121, bringing the self-operated regul ating valve |
to a full-closed state. On the other hand, when the differential pressure
AP takes less than the set value, the spool 113 falls into a state
indicated by solid lines in FIG 2. That is, the spool 113 contacts the
st opper 123rihGgimg riiengeilife opeirbtederagudatdngl ¥ailNg v3l @ B to a
full-open state. <Third Enbodinment> FIG 3 is a structural draw ng show ng
a self- Qpémaﬂe@pﬁegwwaﬂﬁng val ve according to a third enbodi nent of the
present invention. A self -operated regulating valve Il according to the
gresené Sn?OdlﬂEnt I's useful when applied to a case in which one pressure

, guide o the ressure transm ssion chanber 17 of the self-operated

regul ati ng <Fadyd Embosidment>r) G 1 can be obtained fromthe quPd f1 owed

regul at i ng SRS ERBRSRERT R G _
the 1 lui d control TRE 1€t cat Py eb R St dnusid Shu i B S8PE DL 250005,

| uid control on one ace of the spool,

G b et Seabil o398 ity Sovmpiquasiatndt, oo e

Ll is furQH?EhébE@édHﬁEhvention. A self-operated regulatingvalve
III according to the present embodiment is useful when
applied to a case in which one pressure P, guided to the
pressure transmission chamber 17 of the self-operated
regulating valve I shown in FIG. 1 can be obtained from the
fluid flowed through the pipe line 12. This is because in
such a case, the pressure of the fluid controlled is caused
to act on one end surface of the spool, and this pressure
of the fluid can be used as the one pressure P;. Because
of this feature, the configuration of the self-operated
regulating valve III is further simplified.

As shown in FIG. 3, the self-operated regulating
valve III according to the present embodiment, like the
self-operated regulating valve I shown in FIG. 1, includes
a valve body 31, a spool 33, a preload spring 34, a pressure
transmission chamber 38, and a pressure transmission pipe
40. Of these members, the valve body 31 is integral with
a pipe line 32 via a fluid inlet 3la present at one end
portion of the valve body 31. An outlet 31b for the outflow
of the fluid is formed in a central portion of the valve

body 31, and another pipe line 32 is connected to the outlet
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As shown in FIG 3, the self-operated regulating valve Il according to
+ the present enbodinent, |ike the self -operated regulating valve |I shown
in FIG 1, includes a valve body 31, a spool 33, a preload spring 34, a
pressure transm ssion chanber 38, and a pressure transm ssion pipe 40. O
- these nmenbers, the valve body 31 is integral with a pipe line 32 via a
fluid inlet 31la present at one end portion of the valve body 31. An outlet
~31b f or the outf low of the fluid is formed in a central portion of the
val ve body 31, and another pipe line 32 is connected to the outlet 17 31b.
In the inteimal Fpatcee dhtermalabpeckoay the vahee sty 3133the spagled. The
spool 33 has an L-shaped through-hole 33a, which conmunicates wth the
i nl et 3la &3dishbowsedst TBebspeelsd3 \kas aan L R thyoudhrheke d, and

the spool 33 is slidable in the internal space of the valve body 31 in
the right - &3@.| whichi cemnupicpieshel th i dbieinglendnda & otk et ion, A

predeterm ned preload is inposed on th ot her _end_surface of the spool 33
by a prel oddbsgnchgesyes @sy Pn§§5§5,933§°5r£h?iff‘égdonalf‘ﬁeﬁb%tsego ri pheral

surface at_right d lef d ti f th I

bet veen eack? ' ds;?ﬁpasé n“Phie "Bty Apddy o2 Shrovarbs POEY S B T e
Interior o val,Vv 1T Qs

transm’ssid‘ﬂ1 nﬁ&ﬁ §%$&ﬁﬁ%ﬁt g%%gggggﬁt%§$£%§Z%€€?%H§2&£€§§rﬂgapressure

transm Ssi i1 rd8:38M. 2 RpFeatBrivineadyicdifn hal sdsed enrek i n the
y 31.
other end surface of the spool 33 by a preload spring 34.
O rings 35, 36 are fitted on the outer peripheral surface
at right and left end portions of the spool 33 to form a
space between each end surface of the spool 33 and the other
end surface of the interior of the valve body 31. This space
serves as the pressure transmission chamber 38, which
acceptsotherpressuresziathepressuretransmissionpipe
40 and a pressure introduction hole 31d formed in the valve
body 31.
FIG. 3 shows a state in which a differential pressure

AP between the one pressure P; and the other pressure P,
takes a set value or higher to render the self-operated
regulating valve III open. At this time, the left end
surface of the spool 33 contacts a stopper 42 to have its
position restrained. When the differential pressure AP
decreases, by contrast, the spool 33 moves rightward in the
drawing according to the amount of the decrease. When its
right end surface contacts a stopper 41, its position is
restrained to produce a full-closed state and the spool 33

stops. As noted from this, at a time when the spool 33
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FIG 3 shows a state in which a differential pressure OP between the one
- pressure P1 and the other pressure P2 takes a set value or higher to

render the
end surfa
- restrained

spool 33 noves rightward in the

decr ease.
is restra

the self -
time when

regul ating
sel f-opera
one of the
turbo-refr
regul ating
enmbodi nent
system di a
enmbodi nent

sel f-operated reqgulating valve Il open. At this tine,

the left

ce of the spool 33 contacts a stopper 42 to have its position
. When the differential pressure AP decreases, by contrast, the

drawi ng according to the anount of the

When its right end surface contacts a stopper 41, its position
ined to produce a full-closed state and the spool 33 stops. As
not ed fromconitactst the isitopperesl : hbessld -G re ebregeiating walsifper 41,

operated regulating valve 11l cones to a full-closed state. At a
d cpwes taz EvAlaciesedcsstatdhpeAtsa timg wheps thefRoflg

valve I'll conmes to a full-open state. qu bhove-.descri bed
B coaf@cts ke $LPPReT| 421 the F44, - IREFH ?ngFagrqloatj 1es, and

i d i turbo-ref ri ti hi . Th

EV&QT*)%{ T et o 1A AR A AR st Conad | ol T opor at e
| | b j i ghth

val ves dy ol lp g—5é§c¥4$éd §é¥§ﬁ?§%ﬁ%ﬁ%%g?eé@ﬂéﬁfn 0 el ght

s of the 'presen raventron. <

nent > Fl 4 1s a

Q{)a?l.meﬁ:?w PE aad P %ay REVEIR AL uaREhI A8 *ffePbdi 1140 a fourth

e present I nvention. This turbo - refrigerating machine

preferred uses is as a turbo-refrigerating machine. Thus,
turbo-refrigerating machines having the aforementioned
self-operated regulating valves I, II and III will be

described as fourth to eighth embodiments of the present

invention.

{Fourth Embodiment>

FIG. 4 is a system diagram showing a turbo-
refrigerating machine according to a fourth embodiment of
the present invention. This turbo-refrigerating machine
has the self-operated regulating valve I incorporated
instead of the intermediate suction valve 9 of the
turbo-refrigerating machine shown in FIG. 9. Thus, the
same portions as in FIG. 9 are assigned the same numerals,
and duplicate explanations omitted. As shown in the
drawing, the internal pressure of a condenser 6 is guided
into a pressure transmission chamber 17 (see FIG. 1) via
a pressure transmission pipe 19 as one pressure P, of the
self-operated regulating valve I, while the internal
pressure of an evaporator 1 is guided into a pressure

transmission chamber (see FIG. 1) via a pressure
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has the self-operated regulating valve | incorporated instead of the

~ Internediate suction valve 9 of the turbo-refrigerating nmachine shown in
FIG 9. Thus, the sane portions as in FIG 9 are assigned the sane
nuneral s, and duplicate explanations onmtted. As shown in the drawi ng,
~the internal pressure of a condenser 6 is guided into a pressure

transm ssion chanber 17 (see FIG 1) via a pressure transm ssion pipe 19
as one pressure P, of the self-operated regulating valve I, while the
internal pressure of an evaporator 1 is guided into a pressure

transni ssi drarsniissiqeadpd G0 Bs ther mresaure By pfahbei 8818h pipe 20 as

ot her pressure P2 of the self- operated regul ating val . Thus.. when P1 -
P2 > Prefl openafed segulatiiny valveel so|Thuswhepdy 'rggéf%ﬁln‘f#%%e |

opens, and supplies a refrigerant f I ntet- I

sPec]?|nd sta@f%?aﬁuﬁﬁntﬁﬁ‘taﬁ'ﬁ éQEgFaggairaeréu%n Iélyﬁgv%gfo%\ﬂght%ié ?ePZ s
refl, on the aother han t he sel f-operat | I

the suppl y SPRYHES & aaﬁrfan&agaff ol an; LFEHEEbRgeKEs o piis 0ses, and
ur bo- conpr essor IS _C off..ln ¢t - ' ' '

not ed aboPECRD L3R °é‘%r?prté1§s? %07 ° g’r%gs? %r ﬁgiﬁgggg%%g%ﬂgéthihﬂe =
refrlgeran%ﬂggf ro theﬁ%nterbﬁogkgrogh%g %QﬁdFU£ﬁ@-séifﬁE§§§&fe& on

condi tion tHdl i f ferentrar pressure et ween the one pressure Pl,
which is thedi£r 1) valvesseisesek, tdifd enadritaly 6f tedréfiei gebant pressure

P2, which 1s the internal pressure of the evaporator 1, exceeds the
gas from the inter-cooler 5 to the turbo-compressor 4 is
cut off. In the turbo-refrigerating machine, as noted
above, two-stage compression is performed by supplying the
refrigerant gas from the inter-cooler 5 to the turbo-

compressor 4 on condition that a differential pressure

AP between the one pressure P;, which is the internal

pressure of the condenser 6, and the other pressure P,, which

is the internal pressure of the evaporator 1, exceeds the

first set value Pges.

<Fifth Embodiment>

FIG. 5 is a view according to a fifth embodiment
of the present invention. It is, for example, a structural
drawing showing, in an extracted and enlarged form, the
turbo-compressor 4 of the turbo-refrigerating machine
shown in FIG. 4. As shown in the drawing, the turbo-
compressor 4 is constituted such that a drive motor 51
rotates impellers 53a, 53b (in the case of two-stage
compression) via a speed increasing gear 52, drawing in a

refrigerant gas supplied from an evaporator 1l to compress
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first set value Prefl. <Fifth Enbodinment> FIG 5 is a view according to a
fifth enbodiment of the present invention. It is, for exanple, a
structural drawi ng showing, in an extracted and enlarged form the

tur bo-conpressor 4 of the turbo-refrigerating machine shown in FIG 4. As
- shown in the drawing, the turbo- conpressor 4 is constituted such that a
drive notor 51 rotates inpellers 53a, 53b (in the case of two-stage
conpression) via a speed increasing gear 52, drawing in a refrigerant gas
supplied froman evaporator 1 to conpress 20 it. A lubricating oil stored

in an oi |l gank A4 driedPasy il ktodediin pnnpibStamkd orice panpedul at ed in
a head tank 57a within a casing 57. Then, the lubricating oil is

suppl i ed, up BypawpeLl Pummissat andt bnee acownuhatedatn tadiead tanko
| ubrication sites such as the speed increasi ng gear 52. The lubricating
o0i |, whi chSHaswitbdincat eastimg SjeedThener thei HgbELeatEdg it 1Sreturns to

the oil tank 54. A <casing 56 housing the drive notor, 51, and the casing 57
housi ng theuppééédi'néfle@sn-’?@ftfe&ﬂm%%aﬁﬁ 3 e Meyp EFPRy Ehggéea&jﬁ?&%r e

separated from each other by a bul khead 58 to for a_not o] rm:er 59 and
a gear chaffiertgctubmiieation rﬁ%ﬁeﬂucpoa%%é\?eﬁPeFﬁ]eirl‘%??%g?g%e o1 |,
S For 1 A2 pEhBorubriBebinosat S Trad ek oA AE ol g S1%nd
rotating SQ%%Ee%% ﬂg Jgg%'%EEV%tQQEOEeQErBEeESiQHe oil tank 54. A

casing 56 housing the drive motor 51, and the casing 57

housing the speed increasing gear 52 and the impellers 53a,

53b are separated from each other by a bulkhead 58 to form

a motor chamber 59 and a gear chamber 60. This is intended

to prevent the lubricating oil, supplied to the speed

increasing gear 52, from entering the motor chamber 59. For

this purpose, a seal 61 is provided between the bulkhead

61 and a rotating shaft 5la of the drive motor 51 piercing

through the bulkhead 58 and facing the motor chamber 59 and

the gear chamber 60. The seal 61 is normally formed from

a gas seal or a floating seal, and the pressure of the motor

chamber 59 is made slightly higher than the pressure of the

gear chamber 60 in order to create a flow from the motor

chamber 59 to the gear chamber 60.

On the other hand, the motor chamber 59 of this type
of turbo-compressor 4 is in an atmosphere of a refrigerant
gas so that the refrigerant gas is flowed between the casing
56 and a stator 51b of the drive motor 51, and between the
stator 51b and a rotor 51c to cool the stator 51b and the

rotor 51c. For this purpose, the casing 56 has a
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t hrough the bul khead 58 and facing the notor chanber 59 and the gear

- chanber 60. The seal 61 is normally fornmed from a gas seal or a floating
seal, and the pressure of the notor chanber 59 is nmade slightly higher
than the pressure of the gear chanber 60 in order to create a flow from
“the notor chanber 59 to the gear chanber 60. On the other hand, the notor
chanber 59 of this type of turbo-conpressor 4 is in an atnosphere of a
refrigerant gas so that the refrigerant gas is fl owed between the casing
- 56 and a stator 51b of the drive notor 51, and between the stator 51b and
a rotor 5loefirigesantheunplnoPaEth &l ank a mafgrieerant-disgharsur pose,
the casing 56 has a 21 refrigerant supply port 56a _and, a refrigerant
di scharge Rsaitt 556bPEePuiadop a”irg?‘&hﬁiéPo%n%ﬁdl&flteﬁdgi ?6?%‘% eof, with

the stator 51b and the rotor . 51c being sandw ched therebe n.. A high
pressure r&tilydhmistpter JRand, the rQ}OpF p"lg?l‘f %?e“l#’z sa?{b&“\flﬁc}erdef ri gerant
supply port_56a, cools t tator 51b r t flows
out via tHESREPFIRE int Ré?g%lhgfﬁgsb%re?ﬁg%%f %%ggg%%%vgﬁo?&\gfﬁl (see

FIG 4), Tof lpﬁ;%%mﬁﬂe X%tg?at'ﬁetﬁmi%fﬁtggn@g% B850 5685 6sLsi bed

above, when préssure e notor taken as one pressure
Pl, and theyy o Cﬁlt{]*&%&%re ¢BBRes1c60a38 PhBAT FDERSSOUE V2a it isS
e

necessary to establish t relationship P, - P2 > P11f2 (second set
val ue) . W tihdefidlder@int @dBedlaegs pbher wrivwdid anr esaporakog Ireans,
(see FIG. 4), for example.

With this type of turbo-compressor, as described
above, when the pressure of the motor chamber 59 is taken
as one pressure P;, and the pressure of the gear chamber
60 as other pressure P,, it is necessary to establish the
relationship P; - P, > Prerz (second set value). With an
earlier technology, therefore, flow restricting means,
such as an orifice, was put in a pipe line 63. 1In this case,
however, once the amount of restriction is set, flow rate
is fixed at this amount of restriction. Thus, a turbo-
refrigerating machine following multi-point
specifications, which has nonuniform set values for load
and has to deal with various loads, in particular, has posed
the problem that an orifice or the like has been
unsuccessful.

According to the present embodiment, therefore, the
self-operated regulating valve I is put in the pipe line
63, and the internal pressure of the motor chamber 59 is

suppliedintothepressuretransmissionchamber17(seeFIG.

1) via the pressure transmission pipe 19 as the one pressure
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such as an orifice, was put in a pipe line 63. In this case, however, once
the amount of restrictionis set, f lowrate is fixed at this amount of
restriction. Thus, a turbo- refrigerating machine follow ng rmulti-point
speci fications, which has nonuniform set values for |load and has to deal

- with various loads, in particular, has posed the problemthat an orifice
or the Iike has been unsuccessful. According to the present enbodi nent,
therefore, the self-operated regulating valve | is put in the pipe line
63, and the internal pressure of the notor chanber 59 is sugglied into the
pressure t pansfi tlsé osetfieoperatdd (segulatting 1yalye Ihewhitestre

transm ssion pipe 19 as the one pressure 22 P, of the self-qf rat ed
regul at i nginileraal, prassurenet the gess chaEdeh 80 oFs (HIPRLLS g‘ﬁg‘rﬁ)er 60 is
supplied into the pressure transm ssion chggp r 18 ee, Fl via the
pressure t theshrespYReptpansMiggien LRATRGT ez§8PeF é.df\&%jt)he

sel f-operated regulatin alve I. Thu accqrdi 0 sgnt, ¢

enbodi ment PEEESH e frapfRisplon pipe ¢ 35 (it%et I?g%seterl Pkggsggrgt gﬁtor egul ati ng
valve | opens, discharqing a refriger s or cooling to the
evaporatorQ%e(§§ngﬂ§e t%é’ &9 H%ﬁ%?ﬂa&%é%%pF-- P2 :r- Pl-fl, on the
other hand, the sepf.opgr her e ehbo@iABRE, previaRsd ng t he
pressure inside tﬁgﬁ%%tgfggﬁg%B§9HL§9 3%:preveﬁt | eakage of the lubricating

oi | fromthegey, -chanper 60 {Reld€1DéPérsbedsgdPating valve I
opens, discharging a refrigerant gas for cooling to the
evaporator 1 (see FIG. 4) or the like. When P; - P; s Pres1,
on the other hand, the self-operated regulating valve I
closes, increasing the pressure inside the motor chamber
59 to prevent leakage of the lubricating oil from the gear

chamber 60 to the motor chamber 59.

<Sixth Embodiment>

FIG. 6 is a view according to a sixth embodiment
of the present invention. It is, for example, a structural
drawing showing, in an extracted and enlarged form, the
turbo-compressor 4 of the turbo-refrigerating machine
shown in FIG. 4. The turbo-compressor 4 is of the same type
as the turbo-compressor 4 shown in FIG. 5. Thus, the same
portions as in FIG. 5 are assigned the same numerals, and
duplicate explanations are omitted.

As shown in FIG. 6, a refrigerant gas for cooling
is supplied to a motor chamber 59 through a refrigerant
supply port 56a. As indicated by arrows in the drawing,

the refrigerant gas flows between a casing 56 and a stator
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<Si xth Enbodiment> FIG 6 Is a view according to a sixth enbodi ment of the
present invention. It is, for exanple, a structural drawing show ng, in an
extracted and enlarged form the turbo-conpressor 4 of the
turbo-refrigerating machine shown in FIG 4. The turbo -conpressor 4 is of
the sane type as the turbo -conpressor 4 shown in FIG 5. Thus, the sane
portions as in FIG 5 are assigned the same nunerals, and duplicate
_ expl anations are omtted. As shown in FIG 6, a refrigerant gas for cooling
is supplied to a motor chanber 59 through a refrigerant | y .port 56a.
As i ndi cat 8dbbyandrhetkwéen tthe gtatprgslb @nd acroteeSdt t@a% ‘g e bet ween a
casing 56 and a stator 23 51b, and between the stator_51lb and a rotor 51c
'élo C(ﬁ0| tgétfaéiloa‘t §Absapdahet Eetest Bics1 Thefhethe ﬁeeﬁreifgr Ibaé}qé 4%as is

i schar ge or exanple, to an eva see FIG. defrigerant
di schar ge ﬁ@r@i§GBar9ﬁ§ f Q% PXEER eofg?h%n YR BT gﬁ%é%wmng be?meen

S1c, ‘are addcrimnea B rRE AP apeRafeRcPARE AT A8 G gt e ot

ence between t portion of the

ot o Cha”‘%ff; Fa Q%%&g‘aegﬁﬁtf G5l 85b@Thg BUEREEh P06 L. 56Engsk |15 pOT i O

beside th rigeran |sch rge port f this pressure difference is
too great, e Q. 34§ OénhhSe'i:@EEhgﬁhénﬁtﬂ%rlﬂpﬁeéﬁ@stlié) rétaice an

increase in & I'oss of the drive motor 51. If it is too smal |, the flow

rate of theef hrgedéférifseddsf €RESSressure difference between the
portion of the motor chamber 59 beside the refrigerant
support port 56a and its portion beside the refrigerant
discharge port'56b. If this pressure difference is too
great, the flow rate of the refrigerant gas increases to
induce an increase in a loss of the drive motor 51. If it
is too small, the flow rate of the refrigerant gas decreases,
resulting in the failure to obtain a sufficient cooling
effect. With an earlier technology, therefore, a pressure
equalizing pipe line 71 is provided as a communication
between the portion of the moto; chamber 59 beside the
refrigerant supply port 56a and its portion beside the
refrigerant discharge port 56b, and an electromagnetic
valve or the like is put in the pressure equalizing pipe
line 71. The pressures of these different portions are
detected, and if the difference between these pressures
exceeds a set value, the above electromagnetic valve or the
like is opened to bypass the refrigerant gas vlia the pressure
equalizing pipe line 71. With such an earlier technology,

however, there have been the problems that a sensor for

pressure detection, and an expensive electromagnetic valve
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resulting in the failure to obtain a sufficient cooling effect. Wth an

earlier technology, therefore, a pressure equalizing pipe line 71 is

provided as a conmunication between the portion of the motor chamber 59

beside the refrigerant supply port 56a and its portion beside the

- refrigerant discharge port 56b, and an el ectronagnetic valve or the |ike

is put in the pressure equalizing pipe line 71. The pressures of these

different portions are detected, and if the difference between these

pressures exceeds a set val ue, the above el ectromagnetic valve or the

li ke i s opagedrequitypdssthbestefictgee abt ermplicaterd, @k dive cosdual i zi ng

pipe line 71. Wth such an earlier technology, however, there have been

t he probl ehmst baienaboessed.f or pressure detection, and an expensive

el ectromagnetic valve 24 are required, the structure is ¢ |c?fed and
%SE@

the cost has beerAdearding tacdw arﬁgev‘é ec“l’ﬂ? tR&ES € herefore,
the self-operated regulating valve | I n and t he
i nternal psedfuopesrteerag Ptéﬁﬁn’ﬁ%}v% FL§ %’ﬂfbgﬁf pipﬁtgi % ﬂr essur e

25 one 2?1322!@?&?%‘%%%@@ éspeéee%u%epé%;b‘edn?é“ffﬁeﬁ 1 sERRENT PPe
transm ssi O tonkhBdr 96t fed dHarEtRE ey b%?éﬂh‘%%é P o S bl pe 20
as ot her t%%sﬂigsgargftf&’?srﬁfééior?ﬁﬁb’ét £6 £ DhlerpragsuabVe bf the

self-operated regulating valve I, while the internal

pressure of the gear chamber 60 is supplied into the pressure

transmission chamber 18 (see FIG. 1) via the pressure

transmission pipe 20 as other pressure P; of the self-

operated regulating valve I.

Thus, according to the present embodiment, provided

that P; - P, > Pres (third set value), the self-operated

regulating valve I opens, bypassing the refrigerant gas

present in the portion of the motor chamber 59 beside the

refrigerant supply port 56a via the pressure equalizing

pipe line 71. By so doing, the flow rate of the refrigerant

gas cooling the stator 51b and the rotor 51c is restricted

to limit an increase in the load imposed on the drive motor

51. When P; - P; < Pres1, On the other hand, the self-operated

regulating valve I closes. Thus, all of the refrigerant

gas supplied through the refrigerant supply port 56a is used

for cooling the stator 51b and the rotor 5lc, ensuring

satisfactory cooling of the relevant portions.

<{Seventh Embodiment>
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Thus, according to the present enbodiment, provided that Pl - P2 > Pref3
(third set value), the self -operated regulating valve | opens, bypassing
the refrigerant gas present in the portion of the notor chanber 59 beside
the refrigerant supply port 56a via the pressure equalizing pipe line 71.
- By so doing, the flowrate of the refrigerant gas cooling the stator 51b
and the rotor 51c is restricted to limt an increase in the |oad inposed
on the drive notor 51. When P1 - P2:5 Prefi, on the other hand, the

"~ self-operated regulating valve | closes. Thus, all of the refrigerant gas
suppl i ed through tREG s gf Lisgenardw suopirdipor to58 s evenkie @mbogl ing the
stator 51b and the rotor 51c, ensuring satisfactory cooling of the

rel evant poift tlepresemichnvieEhbon nekt 152597 exampile , 2 FtEWtdE&di ng to a
sevent h enbodi mrent of the present invention. It is, faqr exanple, a

struct ur al dramdwanghowdwigng 1n angexdractede @ndngndargeded o0 mtitne

t ur bo- conpressor 4 of the turbo-refrigeratin chi sho in FIG 4. The
t ur bo- conptaFber cempregsothd Sfmthey FUrbosh %eq%&rrﬁgﬁé’gnﬂa\gg‘si % 4 shown in

5 o o T ¢ An B ctnpe S L R T |

53a angi nda Fh LafbandaliBeyaot ¢ shol BAT0ES THICHRLS, WIS Sl e e

of the cagiNg 30d 2sPXR FFE. V4 hrb RIs3AYWeR thaNsahEsi@flerale, and
duplicate explanations are omitted.

As shown in FIG. 7, a self-operated regulating valve
II is disposed midway through a pipe line 63a ranging from
a condenser 6 to a casing 57, and the internal pressure of
the casing 57 is exerted via a pressure transmission pipe
19 as one pressure P, of the self-operated regulating valve
II. The oil pressure of a lubricating oil, the discharge
oil pressure of an oil pump 55, is exerted as other pressure
P, of the self-operated regulating valve II. Thus, when
a differential pressure AP between the two pressures P, and
P, falls short of a set value, the self-operated regulating
valve II comes into an open state. During normal operation
of the turbo-refrigerating machine, the self-operated
regulating valve II is in a closed state, because the other
pressure P,, the oil pressure of the lubricating o0il, 1is
sufficiently higher than the one pressure P;, the pressure
within the casing 57.
If the oil pump 55 stops because of a power failure

or the like, the supply of the lubricating oil by the oil

pump 55 is brought to a halt. As a result, the oil pressure
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19 as one pressure P1 of the self -operated regulating valve 1I1. The oi
pressure of a lubricating oil, the discharge oil pressure of an oil punp
55, is exerted as other pressure P2 of the self-operated regulating val ve
[1. Thus, when a differential pressure AP between the two pressures Pl and

P2 falls short of a set value, the self-operated regulating valve Il cones
I nto an open state. During nornmal operation of the turbo-refrigerating
machi ne, the self-operated regulating valve Il is in a closed state,
because the other pressure P2, the oil pressure of the lubricating oil, is

suffici ent b thgherl tgamp 55e bdne. pridus prespure: Re, NGy AKOPHi-n t he
casing 57. If the oil punp 55 stops because of a power failure or the

li ke, the Thpplytbe ahEfenentialipressureyrelatie thHe PFESSWeught to a
halt. As a result, the oil pressure 26 _of the gil unp 55 '.et .. the
pressure PP; wiihin (thedeagdng Thaxcesds Fher &p nY?g‘Fepr%éﬂflrrbgr Cative to
the pressure. P, within the casing 57.exceeds {.h el | ye» opeqi ng the
sel f -oper&Féé'P@&EP&PFﬂ§39399§iP8.V?ﬁ&? fg: dﬁ&ﬁia;'-zéﬁﬂ‘flp.?%,54
(fourth set value), the self-operated i and a
refrigerant’ Pgﬁﬁgéﬁ??ﬁﬁhff%£1Yﬁguétbﬁaégg%%f% €$%?%ﬁ%agf%%u??ﬁgﬁ%3a. As a
result, the lLiquixd ref i %t rnt ljrerb%{ilra% o rdgRselLpp1ivd ErdratHeeen

expanded_uB@h st'oppage df etu gerating machi ne due to the
pover Tal | Wohaehse1bI ALY ¢8d pibe AMteedal anks W 2esblthetneasiqd &7 Lo act

on the lubricating ol stored in the hea

refrigerant in the condenser 6, which has been expanded upon
stoppage of the turbo-refrigerating machine due to the

power failure, is introduced into a head tank 57a of the
casing 57 to act on the lubricating oil stored in the head
tank 57a. The pressure of the refrigerant introduced into
the head tank 57a acts as a substitute for the function of
the oil pump 55, and continues to supply the lubricating
oil. Hence, even if the supply of the lubricating oil is

stopped, the rotary portions kept rotating by an inertia

force can continue to be supplied with the lubricating oil.

<Eighth Embodiment>
Turbo-compressors according to the earlier

technologies, including the turbo-compressors related to
the embodiments shown in FIGS. 5 to 7, have generally adopted
a system in which rotations of a drive motor 51 (see FIGS.
5 to 7) are transmitted to impellers 53a, 53b (see FIGS.
5 to 7) via a speed increasing gear 52 (see FIGS. 5 to 7).
In recent years, the supply of a high frequency electric

power by an inverter has become possible. The inverter
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tank 57a. The pressure of the refrigerant introduced into the head tank
57a dcts as a substitute for the function of the oil punp 55, and
continues to supply the lubricating oil. Hence, even if the supply of the
lubricating oil is stopped, the rotary portions kept rotating by an
inertia force can continue to be supplied with the lubricating oil.
<Ei ght h Enbodi ment > Tur bo- conpressors according to the earlier

technol ogies, including the turbo -conpressors related to the enbodinents
~ shown in FIGS. 5 to 7, have generally adopted a systemin which rotations
of a drivecsat@ol5haksperii®Bed high Epeedeopeznddont of tbhei dFdVeers 53a,
53b (see FIGS. 5 to 7) via a speed increasing gear 52 (see FIGS. 5 to 7).
In recent medos, (elspesdpdily .ofindulstdient megesiicy lel cEPRFRIUBBILY - by an
i nverter has beconme possible. The inverter 27 control has permtted high
speed oper predeterminedihigh SpeE6r oPRIRELPR| ?Q,tl?%c&HY%ﬁ'P%&ﬂroP)l 51.

Consequently, predeterm ned high speed operatjon of t drive .not 51
has been abﬁisePéGnV\PthﬁYe@r?é’-’i&@’bftbc%éls%@gd{]?ﬁcﬁ%%% ﬁ’é‘crgf@i‘rin&?rand

r s h b de f ba- '
fm‘igffiri §98% %iﬁ%laﬁ%%w%@s T e s
ur bo- conpr essor € f L paf ' '
tUr bo- comprBacsy Foraraerif aftisTdens g, (48 difieca uy LRG0 e

have the Spetd:d BAr §RRLA0LGRR" oP2tutbOL bEMDENSOF WIS Beefdrram!
y, and lubrication only the Iiquid bearing
to hereinafter as a direct drive turbo-compressor).

Since such a direct drive turbo-compressor does not
have the speed increasing gear 52, lubrication of this part
is not necessary, and lubrication of only the liquid bearing
portion of the drive motor 51 is sufficient. Thus, even
a refrigerant liquid with a lower viscosity and a lower
load-bearing ability than a lubricating oil can be
sufficiently used as a lubricating liquid for the
turbo-compressor.

Under these circumstances, a turbo-refrigerating
machine using a refrigerant 1liquid as a lubricating liquid
for a turbo-compressor has been proposed. The application
of the self-operated regulating valve I shown in FIG. 1 to
this type of turbo-refrigerating machine is shown in FIG.
8 as an eighth embodiment of the present invention. This
drawing is a system diagram showing a main portion of the
turbo-refrigerating machine in an extracted form. The same
portions as in FIGS. 4 to 7 are assigned the same numerals,

and duplicate explanations are omitted.

As shown in FIG. 8, according to the turbo-
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portion of the drive notor 51 is sufficient. Thus, even a refrigerant
liquiid with a | ower viscosity and a |ower |oad-bearing ability than a
| ubricating oil can be sufficiently used as a lubricating liquid for the
turbo- conpressor. Under these circunmstances, a turbo-refrigerating machine
-using a refrigerant liquid as a lubricating liquid for a turbo-conpressor
has been proposed. The application of the self-operated regulating valve I
shown in FIG 1 to this type of turbo-refrigerating nmachine is shown in
~ FIG 8 as an eighth enbodinent of the present invention. This drawing is
a system dirafrageshadiing rachdine ofr thenpresens empoddmeatsi gePdOhng nachi ne
In an extracted form The sane portions as in FIGS. 4 to 7 are assigned
the same ntempgraturgndhdghl PEassuEs prefslgerant ey AURRHeAETHWn i n
resent

FIG 8, according to the turbo 28 refrigeratin chine of the
enbodi nent & EuﬁPQHCO{“BFﬁEPQFufe‘,’iﬁi%ﬁhﬁ%g‘s¥3h‘¥%r g?rrﬁe‘?%{’h ensed g’t?'ppl i ed
condenser 6 GUATIAEE Perd EGEPAFOrFHRT B FHAAHIA o AR SRR " o0 e
{020 VaPYialls de oD ORI B0aKBLUFor 1y R arlekphELEEVABR ATt
ot i gor ant' 22 SRR oo AGdUR L7 N B O ppor i ng
a rotor 51GQboratd 1Ve RDtRAnnél%or this flow of the refrigerant

is indicated by thick lines in the drawing as a main

refrigerant system IV. A bearing 73 is a bearing for

rotatably supporting a rotor 51lc of the drive motor, and

is formed by a liquid bearing. For this purpose, the

bearing 73 needs to be supplied with a lubricating liquid.

In the present embodiment, a lubrication systemV is formed

toutilize the refrigerant liquid as the lubricating liquid.

That is, the lubrication system V is constituted such that

the refrigerant liquid stored in a refrigerant tank 81 is

pumped up by driving of a refrigerant pump 82, fed to the

bearing 73 via a check valve 83, and then returned to the

refrigerant tank 81. The lubrication system V forms a

closed loop independent from the main refrigerant system

IV.

In the lubrication system V, when the oil is fed

to the bearing 73, the refrigerant liquid necessarily

involves a leak, which needs to be compensated for. The

amount corresponding to the leak of the refrigerant liquiad

associated with the lubrication of the bearing 73 is

returned to the evaporator 1 with the lowest pressure in
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is formed by a |liquid bearing. For this purpose, the bearing 73 needs to
be supplied with a lubricating liquid. [In the present enbodinent, a
lubrication systemVis f ormed to utilize the refrigerant liquid as the
lubricating liquid. That is, the lubrication systemV is constituted such
- that the refrigerant liquid stored in a refrigerant tank 81 is punped up
by driving of a refrigerant punp 82, fed to the bearing 73 via a check
valve 83, and then returned to the refrigerant tank 81. The | ubrication
systemV forns a closed |oop independent fromthe main refrigerant system
I'V. In the ghebrivmic-are faigeara b ngimachine oi Returndag ¢betﬂéa%earing 73,
the refrigerant liquid necessarily involves a | eak, which needs to be
conpensat edufamt TRetharmanonaiqed joernh Fetanmiag ebR TALTHETMY | ger ant
liquid associated with the |ubrication of_the bearing 73 i returned to
t he evapor diisruid @it khe haubpieation systed Vnt‘ﬁéi?’ten’@ailgr%ﬁ?&ﬁﬂgf ating

machi ne. Returning the | eak anount to the gva orator, 1 ns returning the

Qifsiie%e{%“tssyfﬁg{ tﬁfsq h@#hb‘ib%;ﬁ?*‘iﬁme%%‘l f "‘P‘b°‘{‘h%f iM'tefri gerant

) e .corr.espondlL ng_ anpunt i i ;

L B SRR ST, B S leh 1 ¢ 1o

reservoir 0 co : : |
Comnieﬁod%‘ﬁt a%\ﬁf%?ﬁ&r@ and) { {1f14 & d o O %bgofeéﬁégerant t ank

81 e e er by a prpe l'ine 85, an refrigerant

repl eni shment, ¥l yér 8 difa PERY | f9fe M SMEYE the refrigerant tank 81
communicate with each other by a pipe line 85, and a
refrigerant replenishment valve 86 is provided midway
through the pipe line 85. That is, when the refrigerant
replenishment valve 86 is opened, the refrigerant liquid
stored in the liquid reservoir 84 is flowed into the
refrigerant tank 81 by the pressure acting thereon to
perform its replenishment. Control for opening and closing
the refrigerant replenishment valve 86 is performed by a
level controller 87 for controlling the liquid level of the
refrigerant liquid within the refrigerant tank 81.

When the refrigerant replenishment valve 86 1s
opened to replenish the refrigerant tank 81 with the
refrigerant liquid, a refrigerant gas, an expanded form of
the refrigerant liquid, is also incorporated into the
refrigerant tank 81, together with the refrigerant liquid.
That is, the refrigerant gas necessarily occurs to increase
the gas pressure inside the refrigerant tank 81, so that
the refrigerant gas needs to be removed. In the present
embodiment, therefore, the interior of the refrigerant tank

81 and the interior of the evaporator 1 communicate with
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through the pipe line 85 That is, when the refrigerant replenishnment
Vvalve 86 is opened, the refrigerant liquid stored in the liquid reservoir
84 is flowed into the refrigerant tank 81 by the pressure acting thereon
to.performits replenishment. Control for opening and closing the
refrigerant replenishment valve 86 is performed by a level controller 87
for controlling the liquid |level of the refrigerant liquid within the
refrigerant tank 81. \Wen the refrigerant replenishnment valve 86 is opened
to replenish the refrigerant tank 81 with the refrigerant liquid, a
refrigeraneagasothRerespangagel bine 8, dnd netonmenbratiogwalve $9%l so
incorporated into the refrigerant tank 81, together with the refrigerant
liquid. That preyvided mdidwayethroughs thec®dPgr LHipeod88urs to increase the

gas pressure inside the refrigerant tank 81, so that he refriqerant gas
needs to be renovéthen rthméeffrré-gémante%ﬁﬁiiﬂeﬁﬁt?h@?eé%‘fé;mt%é%enteri gr of

the refrigerant tank 81 and the interior, of the 1 '

with 3odea_¢:§f6ti|s@ﬁa@)t Fanko 81 ifox STQ,PJ&Q&SS‘“@&%m% ag%%?ﬁq\rﬂaﬁ’i?g‘ ms;uni gat ©
provided m dway through th i pe l,ine 88. \Wen refriger ljquidis t
be }‘ed_ i Et 6%“’1@1’?2’&&"&%‘)%[ %ﬁki@l apsRedy, A0 gﬁ‘r‘rae(r%\{o, %é&!rae rozngglranlt > P
repl eni shnent, val ye IS _qQpened d C [ ' I ' d
w th soms G8 BYrct BBSRERGTY G FoS abF Sy MREREIEh B etk | O

Eﬂg associ gyed I ELRIEE A1 SRfsitdd, MndltReas 86614 fed M PVvageraitr 1 via

gas can be discharged to the evaporator 1 via the
communication valve 89. In other words, it is possible to
replenish the interior of the refrigerant tank 81 with the
refrigerant liquid while performing gas separation.
Since the refrigerant liquid fed to the bearing 73
has heat input, it partially gasifies. If the resulting
gas is left untreated, the refrigerant gas increases within
the refrigerant tank 81 to raise the internal pressure. To
avoid this situation, the refrigerant gas inside the
refrigerant tank 81 is condensed in the present embodiment.
Concretely, a heat transfer pipe 90 is provided inside the
refrigerant tank 81, and the refrigerant liquid from the
condenser 6 is supplied to the heat transfer pipe 90 via
a restrictor 91. By so doing, the interior of the
refrigerant tank 81 is cooled to eliminate the heat input
in the bearing 73. As a result, the refrigerant liquid can
be circulated, with the pressure inside the refrigerant
tank 81 being kept constant. The refrigerant liquid that
has left the heat transfer pipe 90 is supplied to the

evaporator 1.
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comuni cation valve 89. In other words, it is possible to replenish the
interior of the refrigerant tank 81 with the refrigerant liquid while
perform ng gas separation. Since the refrigerant liquid fed to the bearing
73. has heat input, it partially gasifies. If the resulting gas is left
“untreated, the refrigerant gas increases within the refrigerant tank 81 to
raise the internal pressure. To avoid this situation, the refrigerant gas
_inside the refrigerant tank 81 is condensed in the present enbodi ment.

Concretely, a heat transfer pipe 90 is provided inside the refrigerant
tank 81, and the rehéi gelfrdpérated fegulating coablemskris prowidagdied to
the heat transfer pipe 90 via a restrictor 91. By so doing, the interior
of the refmiidyeyarthricargh &l pipecddhed9toas|a ndommunidrtinmtbetran in the
bearing 73. As a result, the refrigerant liquid can be circulated, with
the pressurtdie hubgdcendonesystem dhandtthik 14guddi RS sER1E SfsPanthe The

refrigerant liquid that has left the heat transfer pipe 90 is supplied to
the evaporagigiensers6 TRNS GMEH L AT KRR e{/aq}ﬁegx Itq?es provi ded

AT e e e Y SR

chen =t e SR ! haiell) AT AT B0 CHS SETAS Bectaaibied ol e o

making it igMOSSID! a4 ng L EUh@lctditi d 8b'd G HEte the refrigerant
liquid by the refrigerant pump 82. By contrast, the rotary
portions of the turbo-compressor 4 keep rotating for awhile,
because of their inertia, even after stoppage of the
refrigerant pump 82. Thus, lubrication of the bearing 73
should be continued subsequently during inertial rotation
of the rotary portions. According to the present
embodiment, the internal pressure of the liquid reservoir
84 is supplied into the self-operated regulating valve I
as one pressure P;, while the pressure in the lubrication
system V on the discharge side of the refrigerant pump 82
is supplied into the self-operated regulating valve I as
other pressure P,. Consequently, when the refrigerant pump
82 is normally operated, and the refrigerant liquid is
normally circulated in the lubrication system V, P, - P,
< Press, bringing the self-operated regulating valve I to
a closed state. If the refrigerant pump 82 stops because
of a power failure or the like, the other pressure P; abruptly
drops. As a result, P; - Pz > Press, and the self-operated
regulating valve I opens. Thus, the refrigerant liquid in

the liquid reservoir 84 is supplied to the lubrication
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liquid by the refrigerant punp 82. By contrast, the rotary portions of the
turbod -conpressor 4 keep rotating f or a while, because of their inertia,
even after stoppage of the refrigerant punp 82. Thus, lubrication of the
bearing 73 should be continued subsequently during inertial rotation of
- the rotary portions. According to the present enbodinent, the internal
pressure of the liquid reservoir 84 is supplied into the self-operated
regulating valve I as one pressure Pl1, while the pressure in the

" lubrication systemV on the discharge side of the refrigerant punp 82 is
suppl i ed i mtys tielve Vseld & -tdpe pdiped 14vgud 4t | ip thiisemanper, cever afit@ure P2.
Consequently, when the refrigerant punp 82 is normally operated, and the
refri ger ansstioppaige iof ther refirygeranyl pren 82 dve tROWeX iThi W& em Vv, PI

- P2 :r- Pr1f5, bringing the self -operated regul ating valve I_t a
cl osed statox the ihkey dihe gefzigesant ééq‘éi-ep%a’bé’tf’éﬂéé‘%%?mabﬁ f ailure

the like, the oth bruypt | d 1- P2
Pr. 15, and HarEneaeetiophi 28d & pbgpar | e VaPbAY Ot e ATt Ane T T 7 7
e Cliauwd i the 1iqui : : . th
oot 1 cat ot S gt o e e S0 ISR v ar e
st oppage Ofd:l]tﬂeefe Hiiaq"erontsls%l}{egjto %é?xeéﬁmeo%’éﬁfdérﬁéﬂ‘.r@ ari e i ke, the

refrigerant 1iquid can to the bearing 73 for a while.
The supply 1Qfpdieat & iHaS@mM v.liquid on this occasion is carried out ow ng

to the differential pressure between the condenser 6 and the

In the present embodiment, moreover, the rotor 5c,
etc. of the drive motor are cooled with the refrigerant gas.
In more detail, a pipe line 95 is provided for supplying
the refrigerant from the liquid reservoir 84 of the
condenser 6 into the casing of the drive motor, and a
restrictor 96 is provided midway through the pipe line 95.
Thus, the refrigerant liquid flowing out of the liquid
reservoir 84 adiabatically expands at the restrictor 96 to
turn into a mist-containing saturated gas, which is
supplied to the outer peripheral surface of the rotor 5lc,
cooling the rotor 51lc. The refrigerant gas liquefies upon
cooling of the rotor 51c to form a refrigerant liquid, which
is discharged to the evaporator 1.

In the foregoing turbo-refrigerating machine
according to the present embodiment, the lubrication system
V is provided independently from the main refrigerant
system IV. Thus, the lubrication system V is not affected
by changes in the load imposed on the main refrigerant system
IV, but permits circulation of the refrigerant liquid by

the driving of the refrigerant pump 82 to feed the
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| ubrication systemV. In the present enbodi ment, noreover, the rotor 5c,
etc. 'of the drive nmotor are cooled with the refrigerant gas. |In nore
detail, a pipe line 95 is provided for supplying the refrigerant fromthe
liquid reservoir 84 of the condenser 6 into the casing of the drive notor,
and a restrictor 96 is provided mdway through the pipe line 95.  Thus,
the refrigerant liquid flowing out of the liquid reservoir 84

adi abatically expands at the restrictor 96 to turn into a m st-containing
saturated gas, which is supplied to the outer peripheral surface of the
rotor 5lc, re€adigemgntthdiguidr toltheTheardngi §8r arit daduls it ddeypon
cooling of the rotor 51c to forma refrigerant liquid, which i e,.;discharged

;gct)?gi ﬁ;afgfﬁgﬁ?gggﬁ:qugﬂmﬁigﬁﬁ- t??lf?gr éz‘ﬁgb‘zmiﬂi provi ded
piependendd ers bRty e Taun S Lol Pl e ol ot o
lr)ef riﬁgrgpft\fﬁ’éﬁgﬁ PE-‘P,e Bgtt\{%g??'?ﬁqsit(ﬁ Bﬂmugttie% SFqﬁgéﬁr‘e’grai'gg_?san | i qui d
I?quid to tHE arﬁkﬁgfésrﬁb %rggt%?#g?dfﬁgtg%éff?déﬁﬁﬁn é%ﬁJ%ggaggﬁgoing

b ough « nEREREnY PEREREEE s SR BReL! b the BLELSRESHNATS o, Ao 3
result, the eididehdod 0%y d DAdERE Predbutle &. The

refrigerant liquid at this constant pressure can continue

to be fed to the bearing 73.

The level controller 85 detects the liquid level
of the refrigerant liquid stored in the refrigerant tank
81, and when the liquid level is about to lower to a
predetermined value or less, opens the refrigerant
replenishment valve 86 to feed the refrigerant liquid for
replenishment.

If the refrigerant pump 82 stops because of a power
failure during operation of the turbo-refrigerating
machine, or for other cause, the other pressure P, suddenly
drops, resulting in P; - P, > Press, SO that the self-operated
regulating valve I opens. As a result, the lubrication
system V communicates with the liquid reservolr 84 of the
condenser 6 via the pipe line 94. Consequently, the
lubrication system V continues supply of the refrigerant
ligquid in the lubrication system V for a whille according
to the differential pressure between the condenser 6 and

the lubrication systemV. Thus, feeding of the refrigerant

liquid to the bearing 73 continues, preventing selzure at
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constant pressure which is higher than the pressure inside the evaporator

| by a predeterm ned pressure a. The refrigerant liquid at this constant
pressure can continue to be fed to the bearing 73. The level controller 85
detects the liquid level of the refrigerant liquid stored in the

- refrigerant tank 81, and when the liquid level is about to lower to a
predeterm ned val ue or |ess, opens the refrigerant replenishnent valve 86
to feed the refrigerant liquid for replenishnent. If the refrigerant punp
82 stops because of a power failure during operation of the

t ur bo- refri@hawhﬁan}ngniﬂwine or for other cause, the other pressure P2

suddenly drops, resulting in P, - P2 > P11f5, so that Ehe sel f operated

regul ating val ve ITl@@eﬁ@b%‘fglﬁeﬁﬁﬂaﬂ1“{‘3(1@aI°EI‘BPie€aFFSHr D8t ton the

comuni cates with the I| UId reservoir Ogﬁhéé- cQ denser via the pipe
t

line 94. CEH%%GU sGrinede fqupih && igh? Iy of the
the o1 or aitisoRsrased 2egutasans velvEibRckt 1% x%d%l% T o
cont i nues, THERRS *ﬁﬁﬁég'b;‘f’e%iu%ﬁ&eat BolyePRE hany, R he' furdBirng 10
-refri geratzléﬂ:irﬁgugﬁ&{ %{fﬂé‘g iy e RO \Gr dahfdd el frirth to eighth
enbodi ments use S€e operated regulating valve | or Il individually
in the self-operated regulating valves I or II in combination.

That is, there may be a single turbo-refrigerating machine

comprising a combination of the turbo-refrigerating

machines according to the fourth to eighth embodiments, or

a single turbo-refrigerating machine comprising a

combination of any two of these turbo-refrigerating

machines.

Furthermore, the turbo-refrigerating machines

according to the £fifth embodiment, the sixth embodiment and

the eighth embodiment use the self-operated regulating

valve I shown in FIG. 1, but needless to say, may use the

self-operated regulating valve III shown in FIG. 3. That

is, exactly the same actions and effects can be obtained

in these embodiments even if the self-operated regulating

valve I is replaced by the self-operated regulating valve

III.

The fourth to eighth embodiments have been
described as turbo-refrigerating machines, which are not
restrictive. Compression refrigerating machines for

compressing a refrigerant, for example, screw

refrigerating machines, can be constituted in the same
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respective portions. However, any of the turbo- refrigerating nmachi nes may
use two or three of the self-operated regulating valves | or Il in
conbination. That is, there may be a single turbo-ref rigerating machine
conprising a conbination of the turbo-refrigerating machines according to
the fourth to eighth enbodi nents, or a single turbo-refrigerating machine
conprising a conbination of any two of these turbo-refrigerating

machi nes. Furthernore, the turbo-refrigerating machines according to the
fifth enbodi ment, the sixth enbodi nent and the eighth enbodi nent use the
sel f - oper ainafineegul ating valve | shown in FIG 1, but needless to say, may

use the self -operated regulating valve Il showmn in FIG 3. That is,
exactly the sane actions and effects can be obtained in these enbodi nents
even if the self -operated re ulatlng valve | is replaced by the self

- oper at ed iaguﬁﬁriﬁg @@pgécap Rit¥he fourth to eighth enbodiments have been
descri bed as turbo- refrlgeratln nachlnes ch arg I ive.
Conpression refri de QW% V& orthe: Sfdte ?eﬂ:ga 'ﬁoé:ferg{ug%?t&'ﬁ for
exanpl e, scr refri chln o st izt 4t gghel N the same 35
manner. | nd Fl&Fcﬂﬁgi t5% ?grggvgﬁtggée e Sel f - oper at ed

regul ati ngcompression refrigerating machine including it are useful,
particularly when applied to compression refrigerating

machines, such as a turbo-refrigerating machine and a screw

refrigerating machine.
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val ve according to the present invention, and the conpression
refrigerating machine including it are useful, particularly when applied
to conpression refrigerating nachines, such as a turbo-ref rigerating
machi ne and a screw refrigerating nmachine. 36 Clains 1. A self-operated

- regul ating valve characterized in that one pressure introduced into one
pressure transm ssion chanber, which is a space forned between a
cylindrical valve body and one end surface of a spool formed axially

" novably in an internal space of the valve body, acts on the one end
surface of the spool; other pressur@latmsoduced into other pressure

transm ssion chanber, which is a space fornmed between the valve body and
the other end surface of the spool, and a spring force of a preload spring
act on the other end surface of the spool; and a through-hole_is provided
in the spodl-, whekecigAinrReretRd FeRdetips Mééﬁetﬁ}éaﬁﬁgtﬁFgégﬂr and the
ot her pressure exceeds a set value, the through-hole and pipe |lines
connect ed tt®&the val ve body conmunicate to bring the self-operated

g Yo el Bh8 SPeRERTe oAy et e FphgEecree s net
bring the el R ALEAGBULAL R 1 d gade E sk Blvkeen a
cylindrical valve body and one end surface of a spool formed
axially movably in an internal space of the valve body, acts
on the one end surface of the spool;
other pressure introduced into other pressure
transmission chamber, which is a space formed between the
valve body and the other end surface of the spool, and a
spring force of a preload spring act on the other end surface
of the spool; and
a through-hole is provided in the spool,
whereby when a difference between the one pressure
and the other pressure exceeds a set value, the through-hole
and pipe lines coﬁnected to the valve body communicate to
bring the self-operated regulating valve into an open state,
while when the difference does not exceed the set value,
the through-hole and the pipe lines are cut off to bring

the self-operated regulating valve into a closed state.

2. A self-operated regulating valve characterized in
that
one pressure introduced into one pressure

transmission chamber, which is a space formed between a
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.2. A self-operated regul ating val ve characterized in that one pressure

i ntraduced into one pressure transm ssion chanber, which is a space forned
between a 37 cylindrical valve body and a flange portion provided m dway
t hrough a spool, acts on the flange portion of the spool; other pressure

- introduced into other pressure transm ssion chanber, which is a space

formed between the valve body and one end surface of the spool forned
axially mnovably in an internal space of the valve body, acts on the one

" end surface of the spool; and the spool noves according to a differential

pressure betyldadrtivalonelpedssiy endralflhpgetpmrt inrepravidedkicdwdly t he

ot her end surface of the spool closes or opens a region between opening
ends of twdthyiquagh ianepoodonactseen tthe ifd apgey possdpn 8f hegRagber at ed
regul ating val ve characterized in that a pressure of a fluid controlled by
the sel f- operat edothetl Brepguye ivtreducedsinte PERREPESSEATBne end

surface of a spool formed axially novably in an inter aé space_.of a
cyl i ndri caltTansfEl S5l QHﬂmgerbrggéﬁpei?rﬁlﬁﬁ@&@b5°Fﬂfg ebV%ﬁEUFQF

e SRRy S Sy sRERRy'SE Bk MR icRelie SELYERY oY
act on the moc;[vha rlye'lg §Hrifr9l?eernal space of the valve body, acts on the
one end surface of the spool; and
the spool moves according to a differential
pressure between the one pressure and the other pressure,
whereby the other end surface of the spool closes

or opens a region between opening ends of two pipe lines

connected to the valve body.

3. A self-operated regulating valve characterized in
that

a pressure of a fluid controlled by the self-
operated regulating valve acts, as one pressure, on one end
surface of a spool formed axially movably in an internal
space of a cylindrical valve body;

other pressure introduced into a pressure
transmission chamber, which is a space formed between the
valve body and the other end surface of the spool, and a
spring force of a preload spring act on the other end surface
of the spool; and

a through-hole is provided in the spool,

whereby when a difference between the one pressure

and the other pressure exceeds a set value, the through-hole
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.of the spool; and a through-hole is provided in the spool, whereby when a
di fference between the one pressure and the other pressure exceeds a set
val ue, the through-hole 38 and pipe lines connected to the valve body
communicate to bring the self -operated regulating valve into an open
state, while when the difference does not exceed the set value, the

t hrough-hol e and the pipe lines are cut off to bring the self-operated
regul ating valve into a closed state. 4. A multistage conpression
refrigerating machine having an inter-cooler, characterized in that the
sel f - oper aeed pépel hiney cennectgd daithe1valvebedy | GRIENHHLGAL &itay

through a pipe line for returning a refrigerant fromthe inter-cooler to a
conpressorgn%ﬁﬂ?h%ﬁﬁ&ﬁ‘ﬁpé§§59§FﬁgQ}%EHHgﬁg'Yeﬁ993&ﬂ988n§§aﬁﬁnapressure

th | f- ted l.ati | ve; '
ZC?po?afazwpﬁE%L%hp?@drtﬁ%f’fgf?%"g?%%%s!ﬁ?sg?,ﬁ% FkeGbEIOR HEHE D BN
val ve, e en.a. di.ffe Lal b
bxceods a SHE ShEGHON RO, BpE thE pRRESTEREs MELACElt Oy LIBAMREPUICS

open state..5 A.cOnpr ' i_garaf i ' i t&@r essor
conflguredtgt?cﬁetlr%gt aeq%ailel%gae uglggq):g'rng gyﬁgﬁt’% %?&sﬂ%fa? drive notor
of the conpressor froma casing housing a speed increasing gear and

i mpel | ers,
4. A multistage compression refrigerating machine

having an inter-cooler, characterized in that

the self-operated regulating valve of claim 1 or
2 is interposed midway through a pipe line for returning
a refrigerant from the inter-cooler to a compressor;

an internal pressure of a condenser is exerted as
one pressure on the self-operated regulating valve; and

an internal pressure of an evaporator is exerted
as other pressure on the self-operated regulating valve,

whereby when a differential pressure between the
two pressures exceeds a set value, the self-operated

regulating valve is brought into an open state.

5. A compression refrigerating machine having a
compressor configured such that

a bulkhead separates a casing housing a drive motor
of the compressor from a casing housing a speed increasing
gear and impellers,

sealing means is provided in a gap between a rotating
shaftpiercingthroughthebulkheadandthebulkheadsothat

a lubricating oil having lubricated the speed increasing
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.Sealing neans is provided in a gap between a rotating shaft piercing

t hrough the bul khead and the bul khead so that a lubricating oil having

| ubricated the speed increasing 39 gear does not enter the casing for the
dri-ve nmotor, a refrigerant gas is introduced into the casing for

- notor to cool respective portions of the drive notor, and the ref
gas is then discharged fromthe casing, and characterized in that
-operated regulating valve claimed in any one of clains 1 to 3 is

I nt er posed

m dway through a pipe line for discharging a cooling

the drive
ri gerant
t he sel f

ref ri ger anigefarodde® musianted dihe lemsdmig/£amttde, dnivienmatiedt, pressure of

t he casing

sel f-operated reguizetfinigerantegagnis dntredacsd ip

t he speed

for the drive notor is exerted as one gressure on the

L@ eagingHe

i ncreasing gear is exerted as other pressure_on th
sel f - oper att&® GxgeaMmotQr, oy §00hhEREBGCHALR %°g1:§?‘é? e?l’c:it}Pe p‘f%js‘é%

between the two pressures exceeds a set value, the self-operated

regul ati ng

QF &%y ought into an open state. 6. A conpression

Tt gorating e g DBYLIG,Sent OURE CFORnSR L QS BHPr L2

refrigerant gas is

conpr essor

casing of " a

daB 5P JRERAH LR AN 4PN that

the self-operated regulating valve claimed in any

e notor o

one of claims 1 to 3 is interposed midway through a pipe
line for discharging a cooling refrigerant from the casing
for the drive motor,

an internal pressure of the casing for the drive
motor 1s exerted as one pressure on the self-operated
regulating valve, and

an internal pressure of the casing for the speed

" increasing gear is exerted as other pressure on the

self-operated regulating valve,
whereby when a differential pressure between the
two pressures exceeds a set value, the self-operated

regulating valve is brought into an open state.

6. A compression refrigerating machine having a
compressor configured such that

a refrigerant gas 1s introduced into a casing of
a drive motor of the compressor to cool respective portions
of the drive motor, and

then the refrigerant gas is discharged from the

casing, and characterized in that
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.of the drive motor, and then the refrigerant gas is discharged fromthe
casing, and characterized in that 40 the self-operated regul ating valve
claimed in any one of clams 1 to 3 is interposed mdway through a pressure
equalizing pipe line for equalizing a pressure on a refrigerant supply port
- side, where a cooling refrigerant is introduced, with a pressure on a
refrigerant discharge port side, where the cooling refrigerant is

di scharged, wthin the casing of the drive notor, an internal presSure on

" the refrigerant supply port side of the casing is exerted_as one pressure
on the self-operahe Seégiﬂodlqr@g:%lrﬁé}lléﬁénanvﬁwﬁr?ﬂaf?i'b?%gs'htaé‘YoP\ t he

refrigerant discharge port side of the casi I s, exerted _as other pressure
on the selPReoPE wkaMRF rlebﬁl%ﬂﬁnbnmi’/%?eqw‘f@r% iﬂﬁﬂugk(ﬁ &SNSl P

bet h -
P;féﬁf;{ an_eeaﬁq%ﬂz?;@%op%ﬁfﬁ Fof e idiag, 2 préRsite bic a0t - oPerated
refrigeratin ' havi '
| Gbr i cat ngegr G atit, PRKPEY Borf LS GHereOR Sty HeTE Mt at

bt o0 g BT 4 WS, o semoremn: gl or zed
i nt er posed yg qway delr QiHr e tHeP@dd1itd eFrigerad® ds discharged,
within the casing of the drive motor,
an internal pressure on the refrigerant supply port
side of the casing is exerted as one pressure on the
self-operated regulating valve, and
an internal pressure on the refrigerant discharge
port side of the casing is exerted as other pressure on the
self-operated regulating valve,
whereby when a differential pressure between the

two pressures exceeds a set value, the self-operated

regulating valve is brought into an open state.

7. A compression refrigerating machine having a
compressor configured such that
a lubricating oil is stored in a casing, and
the lubricating oil is circulated by an oil pump
to lubricate rotary portions, and characterized in that
the self-operated regulating valve claimed in claim
2 is interposed midway through a pipe line leading from a
condenser to the casing,
an internal pressure of the casing is exerted as

one pressure on the self-operated regulating valve, and
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_condenser to the casing, an internal pressure of the casing is exerted as
one pressure on the self-operated regul ating valve, and 41 an oil pressure
of the lubricating oil is exerted as other pressure on the self-operated
regul ati ng val ve, whereby when a differential pressure between the two
pressures falls short of a set value, the self-operated regulating valve
i's brought into an open state. 8. A conpression refrigerating machine
conprising a nain refrigerant systemand a lubrication system provided
separately and independently, the main refrigerant systemincluding a
rotary conpressorathadilngressarg pfrthenbubnicating i ddy exended a f1 uid
bearing using a refrigerant liquid as a working fluid, = and being
conf i gur edasuothelrapresaigs @Qnﬁh@eﬂQ#ﬁﬁ°RﬁEﬂFeQM§%%Hh4§¥QﬁiW%;&Qant gas
formed upon conpression by the conpressar, is condenseg¥ﬁ¥va cquenser,

then supplied to "fﬁ%ﬁ@/‘b)bd?baﬁ‘bra b L Hressiy S &R ('S he

conpressor as a refrigerant. ga nd. t he | l.cat] %fgg '

;ﬁ;r Lg_er anttWP?B’Res’Fgﬁg§ 'lr%snggfc% gt 't‘&glrllhégl %r?@asn%é.%a-%ﬁe r g?e%rj:'ﬁﬂtg Sunp,
ei ng confi.qured su t hat frgl t AleGUi d

refri ger ant®§ %ﬁ§9f83398 Q%béégﬁﬁg&bgbﬁﬁgﬁﬂ gkbtuEQggﬁgrggsoEpagé the

circulated, and characterized in that the self-operated regulating valve
claimed in any one of clains 1 to 3 is interposed m dway through a pipe

8. A compression refrigerating machine comprising a
main refrigerant system and a lubrication system provided
separately and independently,

the main refrigerant system including a rotary
compressor having rotary portions rotatably supported by
a fluid bearingusing a refrigerant liquidasa working fluid,
and being configured such that a high temperature, high
pressure refrigerant gas formed upon compression by the
compressor is condensed by a condenser, then supplied to
an evaporator for evaporation, and returned to the
compressor as a refrigerant gas, and

the lubrication system including a refrigerant tank
for storing a refrigerant liquid, and a refrigerant pump,
and being configured such that the refrigerant liquid
pumped up by the refrigerant pump is fed to a bearing portion
of the compressor and circulated, and characterized in that

the self-operated regulating valve claimed in any
one of claims 1 to 3 is interposed midway through a pipe
line as a communication between a liquid reservoir of the
condenser and a pipe line forming the lubrication system,

an internal pressure of the liquid reservoir is
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_IMine as a conmuni cati on between a liquid reservoir of the condenser and a
« pipeline formng the lubrication system an internal pressure of the
liquid reservoir is 42 exerted as one pressure on the self-operated
regulating valve, and an internal pressure of the pipe line of the
| ubrication systemis exerted as other pressure on the self-operated
regul ating val ve, whereby when a differential pressure between the two
pressures exceeds a set value, the self-operated regulating valve is

brought into an open state. 43
exerted as one pressure on the self-operated regulating

valve, and
an internal pressure of the pipe line of the

lubrication system is exerted as other pressure on the

self-operated regulating valve,

whereby when a differential pressure between the
two pressures exceeds a set value, the self-operated

regulating valve is brought into an open state.
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