TITLE OF THE | NVENTI ON SCREW COVPRESSOR BACKGROUND OF THE | NVENTI ON
(FI ELD OF THE I NVENTI ON) The present invention relates to a screw
conpressor. (DESCRI PTION OF THE RELATED ART) In a general screw
conpressor for conpressing the air by a pair of namle and fenale
screw rotors, lubricating oil is filled into a rotor chanber for

| ubricating and sealing between the screw rotors and between the
screw rotors and the rotor chanber or for cooling the screwrotors

or the like. In such a scre R I j the lubricating oi
is used, the lubricating oif= e di scharged
conpressed air by an oil sepag&?ﬁg 3?ﬂ¥P e separat ed

| ubricating oil is filled int VY again. The

| ubricating oil is also filled into bearing chanbers housi ng bearings

for supporting shafts of the screwrotors so as to lubricate the
bearings. The lubricating Qi l averflow ng fromthe bearing chanmbers
is withdrawn and fill edBALKBGRAIND QF THEINMENITON. pearing
chanbers again. Since heat enerated in_the rotor chanber and the
bearings increases a tenper éﬁq@@QFTH%IWEQN%g oil, there are a
nunber of screw conpressors provided with an oil cooler for cooling
the withdrawn | uBh¢ paesend ioyentionrelaiieh te ascrec@dpasessor of an ol
cooling type, although the lubricating oil is separated fromthe
di scharged conpressed a{DESGRIAEIQN|OF SFHERBRIATEBART) content is
not easily conpletely renoved fromthe conpressed air. Therefore, in
a food factory, I aeghneralesdrawt ammypreasqrrforicompnessing qhe piehy o pair aify
or the Iike where the clear conpressed air not including

male and female screw rotors, lubricating oil is filled into a rotor chamber for

lubricating and sealing between the screw rotors and between the screw
rotors and the rotor chamber or for cooling the screw rotors or the like. In
such a screw compressor in which the lubricating oil is used, the lubricating
oil is sepalrated from the discharged compressed air by an oil separator, and
then the separated lubricating oil is filled into the rotor chamber again.
The lubricating oil is also filled into bearing chambers housing bearings for
supporting shafts of the screw rotors so as to lubricate the bearings. The
lubricating oil overflowing from the bearing chambers is withdrawn and
filled into the rotor chamber or the bearing chambers again. Since heat
generated in the rotor chamber and the bearings increases a temperature of
the lubricating oil, there are a number of screw compressors provided with
an oil cooler for cooling the withdrawn lubricating oil.

In such a screw compressor of an oil cocling type, although the
lubricating oil is separated from the discharged compressed air by the oil
separator, an oil content is not easily completely removed from the
compressed air. Therefore, in a food factory, a medicine factory, a precision
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the oil content is required, it is not possible to use the screw
conpressor in which the screw rotors are lubricated by the oil.
Consequently, a screw conpressor in which water is supplied to a
rotor chanber and screw rotors are lubricated, seal ed and cool ed by
water is proposed. However, since water has |ow viscosity, the screw
rotors are not easily directly meshed with each other. Therefore, in
a screw conpressor in which netal screw rotors are |ubricated by

water, there i.s a peed for royi di nchr.onous ar,s_.meshi.n i th
bach ot her SEPPESRE RGP g8 Rk WP S 2O R R Sl fiuthie
shafts. In the.screw conpressoy .. although,.there is also a need for
Ubr i cat i nothEril CUERS SRt it BB B ufs e Betr Culemsiiiig
a gear for trapsnpmitting rotation . force qof a notqr to the rotor
Shatts, watBRICHOMS FIFVeAAiOFS aBirPEFaie By Eib i o DG SEpW
adapting sliding bearings as the bearjngs of the screwrotors, the
beari ngs cdMEEesI9n rmcv&ﬁ@h waten 1ppuppkied to pagnrathamber and geugy rotors
bearings have a probhlemthat a clearance is |large so that center-
adj ust nent areduburested; sealedand gogled byivwater i prapesedso that the life is
short due to the friction. Therefore, rolling bearings are desirably
used. By using rE®weverr since ovates  has, bow ivasapaitsr theylsetevarpions arhenot
screw rotors can be directly nmeshed with each other. However, the
resin screwasilptdirestlyjaveshed witheach othear Thexefoieoin 8 sefdw cimpressirdan
metal screwrotors, and there is also a concern about absorbing
wat er over whieh| oyess sdreti metoas darechpanmtert) byTherterf, othere tihea cleedr force
is required to be extended and hence there is a problem of an
i nferior paqrbeidiEnspnchasnoengensanesiing evitli eadhhaether femsymhpomsigs thef
a water lubricating 2 type, the bearings and the gears are desirably
| ubri cat ed sayew ubtdrsahi agdoiof .rotor shafts. In the screw compressor, although
there is also a need for lubricating the synchronous gears, bearings of the
rotor shafts and a gear for transmitting rotation force of a motor to the rotor
shafts, water does not easily sufficiently lubricate the above.

By adapting sliding bearings as the bearings of the screw rotors, the
bearings can be lubricated even by water. However, the sliding bearings
have a problem that a clearance is large so that center-adjustment accuracy
is Iow and friction is large so that the life is short due to the friction.
Therefore, rolling bearings are desirably used.

By using resin screw rotors, even in water lubrication, the screw
rotors can be directly meshed with each other. However, the resin screw
rotors have a larger linear expansion coefficient than metal screw rotors, and
there is also a concern about absorbing water over the lapse of time and
expanding. Therefore, the clearance is required to be extended and hence
there is a problem of an inferior perfoermance.

As mentioned above, in the screw compressor of a water lubricating
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Therefore, in the screw conpressor of a water l|ubricating type, the
| ubricating oil is enclosed in bearing chanbers housing the bearings
and the gears and oil reservoirs in which parts of the bearings and
the gears are dipped are fornmed. However, since heat generated due
to the friction between the bearings and between the gears leads to
a tenperature increase of the lubricating oil, there is a problem
that failure in lubricating is caused or that the life of the

| ubricating oil i shortened,, Wien provj djn i ncj de | facility in
whi ch the [WBS @&fb%ﬂkﬁs@fﬁﬁﬂye EeRTS| 248 eé’é?&h(g@ﬁ’éat&ﬁﬂ caging gihe
gears is guided to the exterior of the conpressor so as to erform
cyclic coolihegefoppsin | the qCBeR| GURHTESHE sedwam\/ﬁ/ﬂmcamah%m the
| NVENTI ON I.n, consi deration to the above problens, the present

i nventi on ilsbrieating eil isienclosed v besathis ehawbers housing dre hagsingsgnd the
lubricating oil for bearings of a screw conpressor, particularly a
screw conprgessoanimivkessiveizs e wlich marty ef the beagage dndytheagedrs 4re
order to achieve the above object, a screw conpressor conprises a
rotor chantsippeds apeaiformednatiowewdr emet cheatr gemeratest slugethitheg fiictibn
each other, the screw rotors being housed in the rotor chanber,
beari ngs f dretwserptir héaringsodmt betiwaeenshefgesisdeads tona tahpestubenrcrsage
chanbers for retaining the bearings, the bearing chanbers being
provi ded wigfhhehtbricsargvel, rihetmis a prablemghlat Faileetinfgbeichtingislcaused
cool ing pipes through which cooling liquid flows, the cooling pipes
bei ng forned gtatashé difpast thler hugicating oill iy eherteaeds. Whear providing
t he above configuration, the lubricating oil for the 3 bearings can
be cool ed dawdelil efaeiRpgimaviieRt the TibidRingo ekl Baly ifowildbritdthoeahe
the cooling pipes within the screw conpressor. Since the above

bearings and the gears is guided to the exterior of the compressor so as to

perform cyclic cooling, cost is excessively increased.

SUMMARY OF THE INVENTION

In consideration to the above problems, the present invention is to
provide a screw compressor capable of cooling Iubricating oil for bearings of a
screw compressor, particularly a screw compressor in which screw rotors are
lubricated by water.

In order to achieve the above object, a screw compressor comprises a
rotor chamber, a pair of male and female screw rotors meshing with each
other, the screw rotors being housed in-‘ the rotor chamber, bearings for
supporting rotor shafts of the screw rotors, bearing chambers for retaining
the bearings, the bearing chambers being provided with cil reservoirs for
storing lubricating oil, and cooling pipes through which cooling liquid flows,
the cooling pipes being formed so as to pass through the oil reservoirs.

According to the above configuration, the lubricating oil for the
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configuration is sinple, cost is only slightly increased, failure in
| ubricating is prevented by cooling down the lubricating oil, the
life of the lubricating oil and the bearings is prolonged and the
screw conpressor can be operated at high speed. In the screw
conpressor of the present invention, the cooling pipe preferably
communi cates with the rotor chanber so as to supply the cooling
liquid to the rotor chanber. According to the above configuration
cool ing water of the screw tors . is used . as.the cooling liquid for
cool i ng doviPPAEHES| ¢k | Sa%quRj{ dpFn biriee g heatrgithstheocoplug ﬁa\ud
speci al cooling equipnent. I.n the screw conpressor of the present

i nventi on, tél@om@laghe £69ling nines withigrthensprew epmpressayer s¥ndeoths abowsy
have a gear in the bearing chanber, and _at |east a part of the gear
may be di ppeafignratien i simmdecsosbiy OD]AcﬁlJGhﬂNﬁgcle@Sﬂd;efpaﬂmel lubricating
configuration, not only the bearings but also the gears can be

| ubri cat ed iapdecaded by doolind dowhahe lwbiicdinigngl, ahk life of theelubeicating oil
conpressor of the present invention, an outer shape of the oi
reservoi r wiidthed bejrirsgs isgirolorgedaand tfe dchew gempredsor eantbedopmpeatkdi at
the Jlubricating oil may be forned in a cylindrical shape which is
slightly | arighispeéchan an outer periphery of the gear. According to

t he above configuration, an anmount of the lubricating oil m xed by

the gears and hedh theneral icompresdoedifchd. prébaiteindieation, the paimt pipe
of the lubricating oil can be maintained low In the screw conpressor

of the presaeferhbMaidiminidabes GaArtheaytdrechambbr Gonpent upplp €its cddding
which rotation force is transmtted froma drive source, or the gear
may be synaifiadeysh@frbs cRakesged in both the rotor shafts, the

According to the above configuration, cooling water of the screw
rotors i1s used as the cooling liquid for cooling down the lubricating oil.
Therefore, there is no need for special cooling equipment.

In the screw compressor of the present invention, at least any of the
rotor shafts of the screw rotors may have a gear in the bearing chamber, and
at least a part of the gear may be dipped in the oil reservoir.

According to the above configuration, not only the bearings but also
the gears can be lubxicated and cooled down by the lubricating oil.

In the screw compressor of the present invention, an outer shape of
the oil reservoir which is just below a part of the gear at least dipped in the
Iubricating oil may be formed in a cylindrical shape which is slightly larger
than an outer periphery of the gear.

According to the above configuration, an amount of the lubricating cil
mixed by the gears and heat generation is reduced. Therefore, a
temperature of the lubricating oil can be maintained low.

In the screw compressor of the present invention, the gear may be a
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synchronous gears neshing with each other for synchronously rotating
the rotor shafts. According to the above configuration, the gears
for driving and synchronizing the screw rotors can be lubricated and
cool ed down. In the screw conpressor of the present invention, a

di aneter of the <cooling pipe passing through the oil reservoir in
whi ch the connection gear is dipped may be | arger than a dianmeter of
the cooling pipe passing through the oil reservoir in which the

synchr onous rs are di ppe CCO t he ve con uration,
Cher ol o1 SASRearRe g B P LB 1 SR TERh ZoRTPourcS, b
connection ear and the cooling liquidis & r ﬁ n a the%%%
Cransmi ssi GRE Zicak TBAY MecHIC ronaysy geaxe imrgvided inrbathdhestatem shatiasthe
gears and the cooling liquid. And the Lubricating oil of the .
connect i on SHBERTORAYS ﬁgaxSamgéhmgr WHneacheethey foy synehaonoyshv rotaging the
generation anount than synchronous gears can be sufficiently cool ed
down. In tﬁeﬁgéﬁéﬁﬁconpressor of the present invention, the cooling
pi pe passing through the oil reservoir in which the connection gear
i s di pped and tAecorduig g thiepabpes confzutationgthe hgeas| faredwming anidn
whi ch the synchronous gears are di pped may be connected to each

ot her in payathmhizidg tive deivey tovotshandizombricatedi gul etolahdownf | ow rate
of the cooling liquid flow ng through the cooling pipe which passes
t hrough the oi |l Ieslsr saieww comprdssahohthecoresent inventjens aidashiepqresf than
be differentiated froma flowrate of the cooling liquid flow ng

t hr ough t heosloxtg pipe pisgiar gvhircilglp tlss ait rédeivoigin whéch thd conmieetisw géar i9
whi ch the synchronous gears are di pped by a pipe dianeter or 5 the

| i ke. Ther el may befligiee thon ianliameesl ofibe eddlRGt pipa pabdnErBRiughshe.
In the screw conpressor of the present invention, the cooling pipes
oil reservoir in which the synchronous gears are dipped.

According 1o the above configuration, a thermal transmission area
between the lubricating oil of the connection gear and the cooling liquid is
larger than a thermal transmission area between the lubricating oil of the
synchronou:j, gears and the cooling liquid. And the lubricating oil of the
connection gear having larger transmitted torque and larger heat generation
amount than synchronous gears can be sufficiently cooled down.

In the screw compressor of the present invention, the cooling pipe
passing through the oil reservoir in which the connection gear is dipped and
the cooling pipe passing through the oil reservoir in which the synchronous
gears are dipped may be connected to each other in parallel.

According to the above configuration, a flow rate of the cooling liquid
flowing through the cooling pipe which passes through the oil reservoir in
which the connection gear is dipped can be differentiated from a flow rate of
the cooling liquid flowing through the cooling pipe which passes through the

oil reservoir in which the synchronous gears are dipped by a pipe diameter or
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may be formed by copper pipes. According to the above configuration,
the lubricating oil can be efficiently cooled dowm by the copper

pi pes which have high thermal conductivity. In the screw conpressor
of the present invention, cooling fins may be provided on the

out side of casings form ng the bearing chanmbers. According to the
above configuration, in addition to heat exchange wth the cooling
liquid, heat of the lubricating oil can be discharged to the outside

air through.t casj,ngs, Accorgding t.o the,.present inveption, by a
sinpl e conf"ihﬁﬂﬁ%?ti ﬁbegﬁfgfe,% g eilﬁdliﬂobgge%ﬁ?fc epWrShgh t he
oil reservoirs o&@t e lubricating oil _of the hearings of thg rotor
shafts are provi dedhetseEew soMPEeIOR @t dhe nrasensdnvensifte £hgowaeling pipes
Thereby, -the failure in lubricating is prevented, the |life of the

| ubri cat i ngnay be fewmed By S6RRXMIBES-s prol onged and the screw
conpressor can be operated at high speed. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi g. 1 iAscerding i teothelabpve awnfigneation, etheolubyicadingyoil can be
conpressor according to a first enbodiment of the present invention;
Fig. 2 is eefligentiyatdojed edaworizyt theevomfert bypes cwbwhe dvapeebily thermraly.
1, Fig. 3is a sectional view of a bearing chanber on the intake
side of thenducttwwtyonpressor of Fig. 1; Fig. 4 is a sectional view
of a bearing chanber on the discharge side 6 of the screw conpressor
of Fig. 1; Fig. Initke acieor ¢anpprteasdryofshe tpiresealt invemtionf ceolirny Bus may be
conpressor according to a second enbodi ment of the present

i nventi on; provided on the outside of casings forming the bearing chambers.

According to the above configuration, in addition to heat exchange
with the cooling liquid, heat of the lubricating oil can be discharged to the
outside air through the casings.

According to the present invention, by a simple configuration that
the cooling pipes which pass through the oil reservoirs of the lubricating oil
of the bhearings of the rotor shafts are provided, the lubricating oil can be
cooled down. Thereby, the failure in lubricating is prevented, the lLife of the
lubricating oil and the bearings is prolonged and the screw compressor can

be operated at high speed.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1is a horizontally sectional view of a screw compressor according
to a first embodiment of the present invention;
Fig. 2 is a vertically sectional view of the screw compressor of Fig. 1;
Fig. 3 is a sectional view of a bearing chamber on the intake side of
the screw compressor of Fig. 1;
Fig. 4 is a sectional view of a bearing chamber on the discharge side
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Fig. 6 is a vertically sectional view of the screw conpressor of Fig.
5, Fig. 7 is a horizontally sectional view of a screw conpressor
according to a third enbodi nent of the present invention; Fig. 8 is
a horizontally sectional view of a screw conpressor according to a
fourth enbodi nent of the present invention; Fig. 9 is a vertically
sectional view of a screw conpressor according to a fifth enbodi nent
of the present invention; and Fig. 10 is a sectional view of a

beari ng cha r on th i side of the screw conpressor of
Fig. 9. DE 'FF%WEE%D%—%%%ED EMBODI MENTS Herei nafter, a
description will he givep to odi nents of the resent inventiqn
Wth rof erence t SIEHEINT AAYCAD RGN sk of SRERN O TArE L GRS
1 according to a firs enbodi pent of the present invention. In the
screw conpr@sagfcond eq éi??‘eﬁgo%llgeﬁ?mlpg P¥screw rotors (mal e
rotor and female rotor) 4 and. 5 neshing., with each other are N
rotatably housedFi& %l%tf%?tl@hlaﬁs@ﬁwraﬂqf%?wéBmscaewwawrﬁgsoz of Fig, 5;
screw rotors 4 and 5 are rotated so as to intake and conpress the,
air from an int akaspoista borenntaly setiongl wiewnok secreweompepsios @ccayding
formed in the _housing 2, and di scharlges the conpressed air froma
di schar ge plora third mebedimeni ef$hg papsend ipyentinn:screw rotors 4 and 5
are rotatably 7 supported by rolling bearings 12 and 13 retained in
beari ng chanber s Fig &isd harizangshby sedtiomiay viesr ofsiscawisompresste acefrdinge
rotor chanber 3. The rotor chanmber 3 and the bearing chanmbers 10 and
11 are sepaioa fdrflr embediohentafitbe pogsend avengiombnrbers 14 and 15. The
beari ng chanber 10 on the intake

Fig. 9 is a vertically sectional view of a screw compressor according to

a fifth embodiment of the present invention; and
Fig. 10 is a sectional view of a bearing chamber on the discharge side

of the screw compressor of Fig. 9.

DESCRIPTION QF THE PREFERRED EMBODIMENTS

Hereinafter, a description will be given to embodiments of the
present invention with reference to the drawings.

Figs. 1 and 2 show a screw compressor 1 according to a first
embodiment of the present invention. In the screw compressor 1, a pair of
male and female screw rotors (male rotor and female rotor) 4 and 5 meshing
with each other are rotatably housed in a rotor chamber 3 formed in a
housing 2.

The screw rotors 4 and 5 are rotated so as to intake and compress the
air from an intake port 6 communicating with the rotor chamber 3 formed in
the housing 2, and discharges the compressed air from a discharge port 7.

Rotor shafts 8 and 9 of the screw rotors 4 and 5 are rotatably
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side is sealed by a flange 17 of a notor 16, and the bearing chamnber
11 on the discharge side is sealed by a cover 18. In an end on the

I ntake side of the rotor shaft 8 of the male rotor 4, a connection
gear 19 is provided. The connection gear 19 neshes with a drive gear
21 provided in a notor shaft 20 protruding in the bearing chanber 10
fromthe flange 17 of the notor 16, and transmts rotation force of
the notor 16 to the rotor shaft 8. In ends on the discharge side of
the rotor shafts and .9,

nchr onpus ears 22.and 23 shi n it
bach of her SREoRRARRaE REASE I Brbad Foidad s boatie Sonahidiliant o
rotation of_the rotor shafts 8 and 9. and fotate the screwrgfors 4
and 5 so aslh&esHsehNglyt gmgd; %‘%ﬁ}oglioﬁl 340 fae sofa gﬁﬁ%@t 3. mﬁﬂﬁ R05ah
other with maintaining a clearance. As shown in Fig. 2, lubrjcatin
oil for resqmmw&m%u@#q saning chambepe 4P angk 11 mrgniepasated fxpwms @%’g'd
in the bearing chanbers 10 and 11. The enclosed lubricating oil is
stored on tdther byeealsngrmentbers 34 gadrlidng Thiedepsing chamhend 00n thedntakers
oil reservoirs 24 and 25 respectively. The height of [liquid |evel of
the oil resBdietisealaUbpaflapgeils of aghotohd 6, and theabraring chamljert Heon the
bearings 12 and 13, the connection gear 19 and the synchronous gears
22 and 23 dischatgppakt issdaledtiys ¢cdvenil8. As shown in Figs. 3 and 4,
the screw conpressor 1 has a cooling pipe 26 formed by a copper pipe
passi ng through n amdndeoricitake afdetofithdeater ayaftB o the nhdle rotitret, iaor
t hereof and further to the exterior thereof so as to pass through
the oil reswpneitior?dearf19 seproeideidngThb asihesctibl gear tibanéshies keitls adizive
and a cooling pipe 27 forned by a copper pipe passing through from
the exterigardfl prlegidedviera hibotbo shife 20nswehaling i thebearidg fchaidber 100

t he exterior
from the flange 17 of the motor 16, and transmits rotation force of the motor
16 to the rotor shaft 8.

In ends on the discharge side of the rofor shafts 8 and 9, synchronous
gears 22 and 23 meshing with each other are provided. The synchronous
gears 22 and 23 synchronize rotation of the rotor shafts 8 and 9 and rotate
the screw rotors 4 and 5 so as not bring the screw rotors 4 and 5 in contact
with each other with mamtaining a clearance.

As shown in Fig. 2, lubricating oil for respectively lubricating the
bearings 12 and 13 is enclosed in the bearing chambers 10 and 11. The
enclosed lubricating oil is stored on the lower side of the bearing chambers
10 and 11 and forms oil reservoirs 24 and 25 respectively. The height of
liquid level of the oil reservoirs 24 and 25 is such that at least parts of the
bearings 12 and 13, the connection gear 19 and the synchronous gears 22
and 23 are dipped under the liquid.

As shown in Figs. 3 and 4, the screw compressor 1 has a cooling pipe

26 formed by a copper pipe passing through from the exterior of the housing
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thereof so as to pass through the oil reservoir 25 of the bearing
chanber 11 on the discharge side. The cooling pipes 26 and 27 are
airtightly attached to the housing 2 and the cover 18 by
bored-through joints 28 used for installing a thernocouple or the
like. As shown in Fig. 1, to the coolingpi pe 26 passing through the
bearing chanber 10 on the intake side, cooling water (cooling
liquid) is supplied from a water cooler 29. The cooling water

flow ng thr the inside of.th cooli.n [ 26 i ch.passe
through ¢ he? o7 itp a8tsxis: fesfot s furihen, P e et Phar 3 iclo Pt
t hrough the.insi.de of .the cool|ng.pi 27. whi ch asses t hr.ough the
oi | reservdhiough ghe plleresetiorng? O AhboeAting Shamher K o8 ﬁgﬁdgtéied%ae:
and supplied to the rotor chaﬁper g. The cool.i ng wat er supg&%ed to
the rotor cAnshBeioolngdupe Lolprmeaseby & 6ornek aHpe Passimggthygaeh Jaera phe
rotors 4 and 5, and seals between the screwrqgtors 4 and 5 and .
bet ween t irxtesdoreaf Hon 6pverslé e the dnterigr thereat and fudhex ke thetesperior
chanber 3. The cooling water supgliqd to the rotor chanber 3 is
di schar ged thexaefishas tdipash shreughothe dil resgevdie 25iftthe tieariagmbrasthezd 1
air, separated fromthe conpressed air in gngas-liqqiq separator 30
and r et ur next the discharge sidec oGhecoolpes pipes £6 end &7ewe airipgtadys avtadhedato
tenperature of the lubricating oil enclosed in the bearing chanbers
10 and 11 itheihoosems2dndyhbeaterddieyr boredrihraygh jomis A8l useg for inttaling
bet ween the bearings 12 and 13, friction between the 9 connection
gear 19 andch theemdcowe gedhe Fkeand friction between the synchronous
gears 22 and 23, and heat generation due to agitation of the
| ubricating oil. Asleclvewearin Kipel,aoahe deplisatiFpe R6 passiggithsough thedearing
cooling pipes 26 and 27 exchanges heat with the lubricating oi
t hrough t hehaafYer 19 di {PRSintake side, cooling water (cooling liquid) is supplied from
a water cooler 29. The cooling water flowing through the inside of the
cooling pipe 26 which passes through the oil reservoir 24 of the bearing
chamber 10 further flows through the inside of the cooling pipe 27 which
passes through the oil reservoir 25 of the bearing chamber 11 on the
discharge side, and supplied to the rotor chamber 3. The cooling water
supplied to the rotor chamber 3 cools down the rotor chamber 3 and the
screw rotors 4 and 5, and seals between the screw rotors 4 and 5 and between
the screw rotors 4 and 5 and an inner wall of the rotor chamber 3. The
cooling water supplied to the rotor chamber 3 is discharged from the
discharge port 7 together with the compressed air, separated from the
compressed air in a gas-liquid separator 30 and returned to the water cooler

29.

In the screw compressor 1, a temperature of the lubricating oil
enclosed in the bearing chambers 10 and 11 is increased by heat generation
due to rolling friction between the bearings 12 and 13, friction between the
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26 and 27 so as to take off the heat of the lubricating oil.
Therefore, the tenperature of the lubricating oil is prevented from
bei ng excessively increased. As nentioned above, in the screw
conpressor 1, by providing the <cooling pipes 26 and 27, overheat of
the lubricating oil is prevented. Therefore, seizing of the bearings
12 and 13 and the gears 19, 21, 22 and 23 due to failure in

| ubricating can be prevented, and hence a conpression ability can be

Dot or i or at | SASRINHEIHp P o B ! PHarEBE AborBdaByist cmerhgihe
oo conprumt g it %tk on. SN e PRl U6 S80S o B,
oenes o ISR B ot HE0R e EBp S i o s AL s
Fof erence AMPALPS aXABTRERBEH B GRe dBRETInG Y IR HREd AR weling TPEhe
screw conpressor 1 accordi n&ﬁto t he present enbodi nent, a dianeter

of the cool3tngngiXfeswas sadekagif thobert ehtheolubricetiag\eil.r Phereforenthe

bearing chanber 10 which houses the popnection(fear 19 is larger
t han a di artemgperatiure t ¢fe theolubmgapngeoi2 7isppewiented Hramgheinge exgdssively
reservoir 25 of the bearing chanmber 11 which houses the synchronous
gears 22 andc@3sedche connection gear 19 transnmits all the torque
outputted by the 10 notor 16 to the rotor shaft 8 of the nale rotor
4. However, the sgnmbntioped abgeer m IRe anckw2 domprassor dndyi provigiagt thef
the torque of the notor 16 to the rotor shaft 9 of the female rotor
5 and syncleookng epibos 28 hend @&79rovelihédts o8 thadlubricatingr efloise pravdaed.
generation anount of the connection gear 19 and the drive
Therefore, seizing of the bearings 12 and 13 and the gears 19, 21, 22 and 23
due to failure in lubricating can be prevented, and hence a compression
ability can be enhanced by rotating the screw rotors 4 and 5 at high speed.
Deterioration of the lubricating oil can be avoided by preventing the overheat
of the lubricating oil, and hence maintenance cost of the screw compressor 1
can be reduced.

Next, Figs. 5 and 6 show a screw compressor 1 according to a second
embodiment of the present invention. In the following description, same
constituent elements as the constituent elements mentioned above will be
given *he same reference numerals and a description thereof will be omitted.
In the screw compressor 1 according to the present embodiment, a diameter
of the cooling pipe 26 passing through the oil reservoir 24 of the bearing
chamber 10 which houses the connection gear 19 is larger than a diameter of
the cooling pipe 27 passing through the oil reservoir 25 of the bearing
chamber 11 which houses the synchronous gears 22 and 23.

The connection gear 19 transmits all the torque outputted by the
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gear 21 is larger than a heat generation anmount of the synchronous
gears 22 and 23. In the present enbodinent, thermal transm ssion
areas of the <cooling pipes 26 and 27 and the oil reservoirs 24 and
25 are differentiated fromeach other in accordance with a heat
generation anmount in the bearing chanbers 10 and 11 so as to cool
the tenperature of the oil reservoir 24 and the tenperature of the
oil reservoir 25 down to the substantially sane tenperature. It

shoul d be t t ' e 0 C ' | d
37 are i nor BREEde B EaGRr s S RACHAIT torhr Tt BPWeRE: 1B BEeRat
pi pes 26 and 27,LS regsed. However ri.se in ol i figien
e o an goits 24 3wt Y sl PRrt oCiheubfiple o188 i<l 35 o B
drop in the,c [ fficiency.due to decrease, i n_the flow_rat
Fur her 7 ataty 0 of dhe Femafe GIAY 6 At u@ufrinas BRRGAM -t sheflf ALy,
enbodi ment f the present invention. In_ the screw conpressor )
according. TeetEREeR Beahgensianan ﬁﬁﬂl{ntr?éﬁﬂ%ﬁwqcﬂen(ﬁe B amdthedrive
cool ing pipe 26 _passin thrgggh t he bearing cngnber 1Q is larger
than the digafsedisAreenthag gdigahgepersdionamomy ¢fdhe srachpenone gbarsd2ng
chanmber 11 but also the cooling pipe 26 and the cooljing pipe 27 are
connect ed tan®dd8h burbe prespaty smhodimenfyithermal transmissiongareeseef the
supplied fromthe water cooler 29 is diverged just in advance and
suppl i ed t ccophieg papes #y apidpe’ apddhe aheesepalitngd pude2B are differentiated
respectively. The cooling water after flow ng through the cooling
pi pes 26 e 2ach othey incatcorstpach avithn adeah genenatiod amountainr edrearing
chanber 3. 11 In the present enbodinent, the flowrate of the cooling
wat er in thhandees g bes®6s its condtths tamperdthemof the dil veseradie 2dfantdhe
cooling water in the cooling pipe 27. Wth using an orifice or the
i ke, a ratthe teaipezeturehef thewil redeesoi0f23 Mewnoed ithg sdiseantidllst kame
cooling pipe 26 and the cooling pipe 27 can be
temperature. It should be noted that when the diameters of the cooling
pipes 26 and 27 are increased, a flow rate of the cooling water in the cooling
pipes 26 and 27 is decreased. However, a rise in cooling efficiency due to an
increase in the thermal transmission area is more than a drop in the cooling
efficiency due to a decrease in the flow rate.
Further, Fig. 7 shows a screw compressor 1 according to a third
embodiment of the present invention. In the screw compressor 1 according
to the present embodiment, not only the diameter of the cooling pipe 26
passing through the bearing chamber 10 is larger than the diameter of the
cooling pipe 27 passing through the bearing chamber 11 but also the cooling
pipe 26 and the cooling pipe 27 are connected to each other in parallel. That
is, the cooling water supplied from the water cooler 29 is diverged just in
advance and supplied to the cooling pipe 26 and the cooling pipe 27
respectively. The cooling water after flowing through the cooling pipes 26
and 27 is joined together and introduced to the rotor chamber 3.
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freely set. Therefore, even in the case where the heat generation
anount of the connection gear 19 and the drive gear 21 is
considerably larger than the heat generation anounht of the
synchronous gears 22 and 23, a ratio between a cooling ability of
the oil reservoir 24 and a cooling ability of the oil reservoir 25
can be properly set. Further, Fig. 8 shows a screw conpressor 1
according to a fourth enbodi nent of the present invention. In the

screw conpressor ;1 accaording 0,.t he. phesgent e hment.. cool.in I ns
35 are’ orotrad ngyEaRsetcmm bR £ SR AT Ol F4eeF th W
t he bearing chanber and .t he cower 18 f.or eal.ing:; ;the bearin
chanber 11 cOlAEHEDR 2B HotHEBS: i the AEwiHals of the sholfs, venty

oil can also he di.ffused._ta the outside air. by the above coolipg fins
31. Theref oqoeﬁngrm% B2t Wb adte Y OH‘%RF. o e iLiksy acraitliwlgetmepnége Iﬂf@?ed
in the bearing chanber 10 and f he b%g;é ng chamber 11 is further
enhanced. Fiptehehtherppling wateraf the seoling Bippghansddheroainppimery ¢an he

fifth enbodinent of the present invention. Further in the screw
conpr essor freelssebr dihayefaze; svengingbesasewbets thenheatgeneratisneamennt of
chamber 11 shown in_ Fig. 10, a part of the housi ng 2 formng the
bearing chathieecanectionigeanpt? andithe dimyemsar 21 ig congidersbly laygenthan the
beari ng chanber 11, each part form ng an outer shape of the
reservoir jhest geabratidrhamounhelthesyngbemousd gears 2ang 28ha oatiobetvwear s
22 and 23, each part is forned in a cylindrical shape which is
slightly |acgdingtdhdlityeof thetodrrepawoijrtiar andd codimgcabiligrof the oglemserd®iror
t he synchronous 12 gears 22 and 23. That is, shapes of sections of
the parts df5 tdiebéprsienly s&t. and t he cover 18 for forming the outer
shapes of the oil reservoirs 24 and 25 which are orthogonal to the
rotor shafts 8 amirthedl ¥if.08 hdwsOa asrewd chBpdéssor Ihagpedingviong fourth

slightly larger dianeters than outer shapes of the gears 19, 22
embodiment of the present invention. In the screw compressor 1 according
to the present embodiment, cooling fins 31 are protrudingly formed on the
outside of the housing 2 forming the bearing chamber 10 and the cover 18 for
sealin the bearing chamber 11.  In the present embodiment, the heat of the
lubricating oil can also be diffused to the outside air by the above cooling fins
31. Therefore, an effect of cooling down the lubricating oil enclosed m the
bearing chamber 10 and the bearing chamber 11 is further enhanced.

Further, Fig. 9 shows a screw compressor 1 according to a fifth
embodiment of the present invention. Further in the screw compressor 1
according to the present embodiment, as in the bearing chamber 11 shown in
Fig. 10, a part of the housing 2 forming the bearing chamber 10 and a part of
the cover 18 for sealing the bearing chamber 11, each part forming an outer
shape of the reservoir just below the connection gear 19 or the synchronous
gears 22 and 23, each part is formed in a cylindrical shape which is slightly

larger than an outer periphery of the connection gear 19 or the synchronous
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and 23. Thereby, amounts of the lubricating oil directly agitated by
the connection gear 19 and the synchronous gears 22 and 23 are
decreased so that the heat generation anount of the l|ubricating oi
is reduced. In the above enbodi nents, the copper pipes are used for
the cooling pipes 26 and 27. Since the copper pipes have high '
thermal conductivity and can be easily installed by an i nexpensi ve
pi pe joint which is comercially available, the copper pipes also

contribute to r nuf tur| cost..ln the a e, the
escr | pt 1 onErars gt BH L5 o T ot Sy 5F apef Tt WitvRRhtian it hevaech
in the screw ressor n mhlch he scr w rotqrs are | ubric b
vater, the %@Oﬂ@at\htgl oF fgriningdhg;outer.Shangs of $he plTREeINEP .23 2 3
chanbers is also cool ed down b the cool i wat er supplied to the
rotor chanBiich agaexth pgﬂﬁfﬂ@ﬁﬁeg@w ﬁhﬁ»‘@e pBA Scare rmedpe appn beare o
a so-called_ oil-free screw conpressor or_the |like in which screw
rotors neshshapesibaringalightli legendiampiensthan pussiraitapea ofitheyzears 18,22
neither oil nor water is supplied to a rotor chanber. 13 W claim
1. A screw soh@iBes Jherehyo mmowitagpf the lubrsatinganbdirectlypagitated hyatlee
and femal e screw rotors nmeshing with each other, the screw rotors
bei ng housedbnnectien (geantlﬁramhahné)eynchmaoﬁmgsaﬁscﬂ ang@# arendecressed so
shafts of said screw rotors; bearing chanbers for retaining said
beari ngs, tthathbkaheapgahaation anhrimaf the ibirthading dihisaieduc@ker voi r s
for storing lubricating oil; and cooling pipes through which cooling
liquid flows, thénaheldbogeRiilRsibentdythe copper pipes are used for the coocling
pipes 26 and 27. Since the copper pipes have high thermal conductivity and
can be easily installed by an inexpensive pipe joint which is commercially
available, the copper pipes also contribute to reduction in manufacturing
cost.
In the above, the description is given to particularly preferred
embodiments in which in the screw compressor in which the screw rotors are
Iubricated by water, the lubricating oil in the oil reservoirs of the bearing
chambers is also cooled down by the cooling water supplied to the rotor
chamber. However, the present invention can also be applied to a so-called
oil-free screw compressor or the like in which screw rotors meshing with

each other are driven by synchronous gears and neither oil nor water is

supplied to a rotor chamber.
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formed so as to pass through the oil reservoirs, wherein said cooling
pi pes conmmunicate with the rotor chanber so as to supply the cooling
liquid to the rotor chanber. 2. The screw conpressor according to
claim1l1l, wherein at |east any of the rotor shafts of said screw
rotors has a gear in said bearing chanber, and at |east a part of
the gear is dipped in the oil reservoir. 3. The screw conpressor
according to claim2, wherein an outer shape of the oil reservoir
which is WMe€laiel ow a part of the gear dipped in the lubricating oil
is formed in a cylindrical shape which is slightly larger than an
outer periphery of the gear. 4. The screw conpressor according to
claim2, vher eArsaréw cgemressoracaopmseg:i on gear to which rotation
force is transpmitted froma drive source. 5. The screw conpressor
according to cﬁa{Pﬁ?\rfpan’SF’ei n 14 the gear is synchronous gears

provi ded in boulpdimst malkamndseaials screWaotcy RtSShingoNith gaeh stheehi Rerew
with each other for synchrongusly rotating the rotor shafts. 6. The
screw cor’rﬁ?@&"’s%?'"%@@bl?%‘&ﬁbﬁ'g rtearhambeRherei n the gear includes a

connecti on geapekndihich ubRrthd Mol SHAR dfsald SsWbigid. Trom a drive

S
source and synchronous gears pfovided in ends on the opposite side
of the connect bearingeehamhensdohrataipingsaid bearitass the: brarigraltantgrass Seing

gears TR oS O E o LRl BNDSRERAG R Yo 0L | 1 the T otor

shafts. € SCrew conpressor acc claime6, wherein a
di anmeter of satccblinggbipestrpopgh waikh coplind tiquidflovisethal dooling @ipesi being
whi ch . . . . . .
formed so as to pass through the oil reservoirs, wherein said cooling pipes
communicate with the rotor chamber so as to supply the cooling liquid to the rotor

chamber.

2. The screw compressor according to claim 1, wherein
at least any of the rotor shafts of said screw rotors has a gear in said
bearing chamber, and

at least a part of the gear is dipped in the oil reservoir.

3. The screw compressor according to claim 2, wherein
an outer shape of the oil reservoir which is just below a part of the gear
dipped in the lubricating oil is formed in a cylindrical shape which is slightly larger

than an outer periphery of the gear.
4. The screw compressor according fo claim 2, wherein
the gear is a connection gear to which rotation force is transmitted from a

drive source.

5. The screw compressor according to claim 2, wherein
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the connection gear is dipped is larger than a dianeter of said

cool ing pipe passing through the oil reservoir in which the
synchronous gears are di pped. 8. The screw conpressor according to
claim6, wherein said cooling pipe passing through the oil reservoir
in which the connection gear is dipped and said cooling pipe passing
through the oil reservoir in which the synchronous gears are dipped

Aceoraing o offs e s RRlroBuE b fayiny i BinIRE Flof SRS BES

copper pi pgschrdfouslhearsaneshing mithesssarotiaardor syrnuhréruslyaiotating thbester n

cooling fi HS are provided on the outside of casings form ng said
bearing CERaBers. 15

6. The screw compressor according to claim 2, wherein

the gear includes a connection gear to which rotation force is transmitted
from a drive source and synchronous gears provided in ends on the opposite
side of the connection gear in both the rotor shafts, the synchronous gears

meshing with each other for synchronously rotating the rotor shafts.

7. The screw compressor according to claim 6, wherein

a diameter of said cooling pipe passing through the oil reservoir in which
the connection gear is dipped is larger than a diameter of said cooling pipe
passing through the oil reservoir in which the synchronous gears are dipped.

8. The screw compressor according to claim 6, wherein

said cooling pipe passing through the oil reservoir in which the connection
gear is dipped and said cooling pipe passing through the oil reservoir in which
the synchronous gears are dipped are connected to each other in parallel.

9. The screw compressor according to claim 1, wherein

said cooling pipes are formed by copper pipes.
10.  The screw compressor according to claim 1, wherein

cooling fins are provided on the outside of casings forming said bearing

chambers.
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