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TITLE OF THE INVENTION
SCREW COMPRESSOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a screw compressor.

2. Description of the Related Art

In a conventional screw compressor having a pair of male and female
screw rotors with rotor shafts disposed in the horizontal direction, a timing
gear and bearings are mounted on each of the rotor shafts and are lubricated
and cooled with oil to prevent damage thereof.

In connection with the related art, an oil bath method is mentioned
as a general lubricating method used in case of low~ or medium-speed
rotation. In the oil bath method it is desirable to install an oil gauge and
thereby make it possible to check the oil level easily so that the oil level lies
at the center of a bottom roller in principle. However, when it is intended to
adopt the oil bath method for Iubrication of bearings and timing gears in a
positive-displacement compressors such as, for example, a screw compressor,
it may not always be possible to install an oil gange at such a position as
permits easy visual checking of the oil level due to, for example, a unique
external shape of a bearing casing for accommodating the bearings and
timing gears.

In Japanese Patent No. 2580020, compressed air is taken out from a
casing of an air compressor and is conducted to a throttle portion of an oil
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In a conventional screw conpressor having a pair of nale and fenal e
screw rotors with rotor shafts disposed in the horizontal direction,
a timng gear and bearings are nounted on each of the rotor shafts
and are lubricated and cooled with oil to prevent damage thereof.
In connection with the related art, an oil bath nethod is nmentioned
as a general lubricating nethod used in case of |ow or nedi um speed
rotation. In the oil bath nmethod it is desirable to install an oil
gauge andniistepebjucmkéhen pidsishinegativehpodssuhe grarerhtadelinetly |thretdle
that the oil level lies at the center of a bottomroller in
princi pl eporttivagdebricutian dil is sudkvdengethd mazdopto tflemast, theh oihetisios
for lubrication of bearings and timng gears in a
posi ti ve- gids plARSIBAti PR RS S5 SN tidfing BbaRX ABRIBmodaséd SWthin a
conpressor, It may not always be possible toinstall an oil gauge at
such a posldihon RcBRIAL! S0 G39Y dfnRNRtioRBPCLALEis 11 pBLLiblES! 2048
a al s

to, for exanpfe, uni gde extern ape of a bearing casing for

acconmodat i,ng. the b i ng _tingn r . S
Patont NS OF HhrbelEfink S BuP FRefe somains thE RBRA et he
air conpressar and.is nducted to.a throttle portion of an oil m st
producer,P?%@H“\M?P#]&V%%qyg’ep?ogﬁm%'generat ed in the throttle
portion, lubricating oil is sucked up and nade intqg oil g];»ft t hen |,

oi | mst is fedidapanase Ratenbhaid Gnen Nag2003id 48370 nen gedevel sensor is

acconmodated within a casing. According to this conventional nethod
it i s possiomnded ovithin ca exkmgs of an sofoll eninyessaratandy vaian thatoil Hevel
remai ns the problemthat the position of oil |evel cannot be

confi r nedbecomes lower flamarthecpétiont of thel-oidievalicsen?0f3a 34887 ®pean in
oil level sensor is mounted within a casing of a scroll conpressor,

and when sher@ihcd @ ahfgesieprdvoded fidnanththdl oel skosorpbndhiabeidating
| evel sensor, a valve opens in accordance with a signal provided from

the oil |gYel saSpREM frodh Gl 4P CbSRihES whith sforeyRRE18BritARAL . OiTh the
cont ai ner which stores the lubricating oil. In the scroll conpressor,

however , gaioﬁrcoﬁg%%%o : hswg{zé,lp Isag@@ shfisNereVBEpbSA indélfeew%r}‘,ﬁéﬁl Bk bih,

the lubricating I's app to a screw conpressor with rotor
shafts di i [ -di A t i !
greatly d%;g&ﬁg@g%ﬁgégﬁgpﬁ i%l%%&% f%ahgﬁégg&saangeﬁtéqﬁs%% ?’?’?ﬁfﬁ? E)Or
effect an RS Eilaé[p%sgtll lin ltﬁg%londz%}x%gf (!Ji?:gction, the o1l level varies greatly due to

splash of oil by timing gears and it is difficult to effect an accurate oil level

detection.

SUMMARY OF THE INVENTION -

It is an object of the present invention to provide a screw compressor
having rotor shafts disposed horizontally and bearings for supporting the
rotor shafts, the bearings being lubricated by an oil bath method, the screw
compressor permitting accurate confirmation of the level of oil present
within a bearing casing and being not likely to cause oil shortage in the
bearings.

According to the present invention, as means for achieving the
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SUMVARY OF THE | NVENTI ON It is an object of the present

I nvention to provide a screw conpressor having rotor shafts di sposed
hori zontal | y and bearings for supporting the rotor shafts, the

beari ngs being lubricated by an oil bath nmethod, the screw conpressor
permtting accurate confirmation of the |evel of oil present within a
beari ng casing and being not |likely to cause oil shortage in the
bearings. According to the present invention, as neans for achieving
the abovebomniecniemhedbpliect, thaes s propdediadestew swnpIESSOMEPBUNTING &
conprising a pair of rotor shafts disposed horizontally; bearings for
suppor t i ngairhé ratbpshaftafdisposedokrarizmgtadlys ibegrings fac coppotting idetfodor
bearings; an oil sunp forned in a bottom of the bearing casing, the

oi | sunp Geifg $bésGhpcadingoforeckdnd ddatirdy tHyBsadaEs; anodisukheformed
bearings to be soaked into oil for lubrication; a chanber provided

separ at el L'b%r}eo}ﬁ'ﬁf Bf@ﬁé%}ﬁ%ggﬁgj%%é F&@g%hxﬂﬂ BB trGARHEAIs6 Hsit8Allow

between the oi I sunp and oi'l l'evel detecting neans

di sposed in; the ¢h r n or, : ¥ [ SCF

conpr esso??l%’elr %8@@?50‘:& te}%% ibr?ga%ngg % Ségg%&‘i]%&% ﬁaeﬂ ?ﬁ% elgklbyragg?)ﬁf ﬁ%v

screw conpressor cannot.be utilized becguse the oil |evel at.the

bot t om ommgﬁ’éap}f% %%Ssrqp@rpjgelgsgqom atthPedutre S8R sA ﬂo?’ﬂ‘.e for

However, according.to {he aforesaid nmeans, since there is provi.

oi | |ine FYRMBERAAAPRE aPECBRttASe ALY ﬁBnga"i“?ig&\'%sﬂ!;’ﬁé“ o %‘1‘8 %‘ﬂ;%ﬁgf

separate fromthe bearing casing, the oil |level can be detected

accur at el fletectingimeans disposed indhe champereans di sposed in the chanber

which is provided separately fromthe bearing casing in the .

conpressor, wit When betiong) ard Foladieih Hye sexevacompzessor,ofil level gleteqting

the interior of the conpressor.
means disposed in the interior of the screw compressor cannot be utilized
because the oil level at the bottom of the bearing casing 1s oscillating due to
splash of oil. However, according to the aforesaid means, since there is
provided an oil line for communication between the bearing casing and the
chamber separate from the bearing casing, the oil level can be detected
accurately with the oil level detecting means disposed in the chamber which
is provided separately from the bearing casing in the compressor, without
being influenced by variations in oil level in the interior of the compressor.

Preferably, there 1is provided a communication line for

communication between a space positioned above an oil level in the chamber
and a space positioned above an oil level in the bearing casing. With this
structure, the oil level can be detected accurately with the oil level detecting
means disposed in the chamber which is provided separately from the
bearing casing in the compressor, without being influenced by variations in
oil level in the interior of the compressor.

Preferably, a pair of timing gears are accommodated within the
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Preferably, there is provided a communication [ine for conmuni cation

bet ween a space positioned above an oil |evel in the chanber and a
space positioned above an oil level in the bearing casing. Wth this
structure, the oil level can be detected accurately with the oil

| evel detecting neans di sposed in the chanber which is provided
separately fromthe bearing casing in the conpressor, wthout being
influenced by variations in oil level in the interior of the

conpr essobeafingf exsibgy the thaing gears being geountedr en uwornds sfddre rotor
within the bearing casing, the timng gears being nounted on one
ends of t khaftetard steahisg anth eedhiotlgemiand thacpositiberof candetthen between
position of connection between the oil sunp fornmed in the bearing
casing W thet B tsufpof@esdd ﬁpcwtbisﬁrﬁﬁg tusigg nwitll the timinlgl ears

corresponds to a lower-limt height of oil level of the oil sunp

per m t tingcldihfdoRatd®eh&feid l'éﬁdbli%l%" dilGse c\g%f‘éﬁpbﬁ% t8 tarlléﬁléif}ﬁnit height of

| ubrication can be done wnile allowng a timng gear | ower portion to
be soaked | i . r | -1 S [ . Oy .
suppl y 11 90 FeT b b gyt Pefthpink 1R oPIBLHETAR, “With this
oil level gﬁ%ﬁCtii means detects as ﬁ.val e .of the .oil Ie%el in the
chanber a® BT catan cae hedone vhileallosring 4 tHINRg e 1OVeL PPEYER
limt, oil Ls fgg énto the bearing casing through the oil supply
line. Wt ko pRisgaked yrkof the oil level can be detected by the oi
| evel detecting neans disposed in the chanber separate fromthe .
bearing casing Ricefezablyhtherg is prpvidedaan pi} sypplatingfer the snpplveederil to
the interior of the casing and it is possible to replenish a required
anount of the bearing casing, amichwhehrtbaghl level detentine means deteotd asapplye
i ne. Preferably, there is provided an oil discharge line for
t he di schaf gdeobilolelel innthdehbhadrerng vdnenpwanthamen pregetoifirst aradhe
detecting neans detects as a value of the oil level in the chanber a
val ue hi ghedichhiaa of DIRe&t ligaeositiy tddimtondieClhddrveg ehsig thipeagh! tha dil
oil is discharged fromthe bearing casing through the oil discharge
line. Wt @u%aﬁlysﬁﬁé.r URLHH histdteu@ile,| thealil FAR] ben BRIREEAEd DY tHeiPldvel
| evel detecting nmeans disposed in the chanber separate fromthe
bearing Casing: wi . . > . L Level
?1%%&9%0 ﬂ’g E:Ib%ts cﬁggb‘&d H LWERREMHRY ﬁ\%%%%?e' dﬁ?gh tile Bbhri g Elsink

the interior e casing and 1t IS possib arge a require

amount of a4 f{ Pihk R5aLBAEL By vHialidfs §A%iSvel in the intexior of the casing

and it is possible to replenish a required amount of oil into the casing

through the chamber and the oil supply line.

Preferably, there is provided an oil discharge line for the discharge of
oil from the bearing casing, and when the oil level detecting means detects as
a value of the oil level in the chamber a value higher than a preset second
value indicative of an upper limit, oil is discharged from the bearing casing
through the oil discharge line. With this structure, the oil level can be
detected by the oil level detecting means disposed in the chamber separate
from the bearing casing without being influenced by variations in oil level in
the interior of the casing and it is possible to discharge a required amount of

oil from the interior of the casing.



Preferably, there are provided an oil supply line for the supply of
oil to the bearing casing, an oil discharge Tine for the discharge of
oil fromthe bearing casing, and oil tenperature detecting neans

di sposed in the oil line, and when the oil |evel detecting nmeans
detects as a value of the oil level in the chanber a value |ower than
a preset first value indicative of a lower limt, oil is fed into the
bearing casing through the oil supply line, while when the oil |evel

det ecti ng neansPdefeeably, tisere arzl provaded ho @l supplyeling fox Hee snppdyeef eil
val ue hi gher than a preset second val ue indicative of an upper limt,

oi | is di $6khedRdriveomsing, heatl dipchasialinefooulb dibcharge oficikfrangehe
line, further, when the oil |evel detecting neans detects as a val ue

of the. of hebfpledihd I FAMBA ofattab B OhE T iap DX il ine,

value lyin ween the first value and the second val ue and when the

i | terrperagtdg;,@gﬁecggﬁﬂé%eif;aﬁe&tﬂﬁpﬁféﬁsa&et@ceé%;ﬁ Wiluk R tReoil Jevel in

t enper at ure u an a preset val ue, e ol 1s discharged

fromthe arjing,casing. throu t he Qi i ] 5N€h:, YN LS
St ruct ur e RBgPROPERe VRN Rt £ R ercy S PG i EFring oL A1 o,
the oil supply, Li.ne, it is .possible,to discharge oi n the..basjis of
t he val ueoﬁfls(fpill ipty, the b R&ESEE thliousbr%&‘afﬁ%?fy firle, WE}&@@Z&F%‘? %lg,e
to the present jinvention, when rotors disposed horjzontally of the
screw conptldesek defiestingtaeansy BG’EQ%S 8512 yalue Ofcf@teéﬂ-l i‘ﬁ’@ti P@&E@ Cg‘iagg&‘e%i
in the interior of the conpressor cannot be utilized because the oil
|l evel at whatubbighen Bfan hepiesat secprhvabvg indieative phannyrpeulimit,neid is
there are provided a chanber separate fromthe bearing casing in the
conpr essodischsirged fraxs the lmédrihg rasargdtlrongmthe oBtdischdrigedihet further,
comuni cati on between the bearing casing and the chanber, the |evel

of oil predes the ollevendetectihgohebhe deoeqis essavabae ob ¢hd efleletelirathe
checked accurately by the oil level detecting neans detecting the

oi I level chAnithe £RaMRehigePAtRAR  Hesdththib@ardlng 1gasd Betwdeer ke first
conpressor w thout being Influenced by variations in oil level in the

occur r encd "o EnfOR SR vAIPRERL R the bil!SnfiRIghBCERCANE debaf

o pr eventeHEads o Sie kil bapBti  KChaIcbHEhr thhy WS REFEVNE,

level. the oil is discharged from the bearing casing through the oil discharge hine.
With this structure, by further providing oil temperature detecting means in
the oil supply line, it is possible to discharge oil on the basis of the value of oil
level and that of oil temperature.

According to the present invention, when rotors disposed horizontally
of the screw compressor are rotating, the oil level detecting means disposed
in the interior of the compressor cannot be utilized because the oil level at
the bottom of the bearing casing is oscillating, but since there are provided a
chamber separate from the bearing casing in the compressor, as well as an
oil line and a communication line both for communication between the
bearing casing and the chamber, the level of oil present in the interior of the

compressor can be detected and checked accurately by the oil level detecting
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The chanber separate fromthe conpressor can be of a sinple structure

serving as both a structure for detecting the oil level in the oi
sunp forned in the bearing casing and a structure for the supply of
oil. I f the anount of oil present in the interior of the

conpressor becones too |large, the oil tenperature rises as a result
of agitation of the oil and it is possible that there may occur
damage of the bearings due to |owering of viscosity. However, such a
possi bi | i tpeaam deteasingrithat eill lpyelmkithg ehamber sengsateofronndheaberring
oil level and that of oil tenperature. BRI EF DESCRI PTI ON OF THE

DRAW NGS casing inFihg compressoswithont being agteanceddmt vatiationnirseid déved jn
of a screw conpressor according to an enbodi nent of the present

i nvent i on;thanghterior of flied coipebsnss. dChhesquaetdy,fitoiw Hbssiblents piveid che
pressure at various positions (heights) fromthe bottomof a

di SCharge\-ﬂq%hﬁﬁ-e%é%fl[‘;}ﬂlsmﬁdfg@igwﬂe%aq;}@ggtion of the conpressor in

t he case ere an ol Ine and an oil sunp fornmed in the bearing

LG o, 6 TR o B IERReR i GANARGHEH W HIPRRR Biz61
it is possible to prevent damage of the bearings caused by lowering of the oil
level.

The chamber separate from the compressor can be of a simple
structure serving as both a structure for detecting the oil level in the oil
sump formed in the bearing casing and a structure for the supply of oil.

If the amount of oil present in the interior of the compressor becomes
too large, the oil temperature rises as a result of agitation of the oil and it is
possible that there may occur damage of the bearings due to lowering of

viscosity. However, such a possibility can be eliminated by making control

based on the value of oil level and that of oil temperature.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram (partially in section) of a screw
compressor according to an embodiment of the present invention; and
Fig. 2 shows differences from the atmospheric pressure at various
positions (heights) from the bottom of a discharge-side bearing casing during
operation of the compressor in the case where an oil line and an oil sump
formed in the bearing casing which accommodates timing gears are

connected with each other at the height of a trip oil level.
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DESCRI PTI ON OF THE PREFERRED ENMBODI MENT An enbodi nent of the
present invention will be described below with reference to the
acconpanyi ng draw ngs. Fig. 1 illustrates a screw conpressor 1
according to an enbodi nent of the present invention. The screw
conpressor 1 is a water lubrication type screw conpressor wherein
screw rotors 2 and 3 are cooled and lubricated with water. In the

screw conpressor 1, a pair of male rotor 2 and female rotor 3 neshing
with each ot her aﬂﬂ%@gﬁﬂﬁﬁ Q& THENPREFEBRSD dMBRDIMENT or

shafts 5 and 6 of the rotors 2 and 3 are disposed horizontally. One
end of the rotoAmeasbodirdentofthespesent ineemtonewill bevddscebed kebow with
opposite end of the rotor casing 4 is nounted a notor casing 11 which

accommodatgferant®idthelfecofifizasedg dragvings.or 8 and a stator 9. An end
portion of the notor casing 11 is also dosed with a cover 12. The

rotor shaft 5 ofeif hejiRlieatelia0dcréwadthPreBB0T asdtddingd o Qh cnflfodiRictt of

10 share an integrally-formed shaft (separate rotor shaft 5 and notor

shaft 13 t age i i g
ko). A S BB GRCRNEHRIT I cctRl thuto B} 118 4 3pltpP THALafibn (e
supported by the rotor casing 4 thro rsside.r i £1.n
T4 Pan | necrebaeRieR PRRRGR e vy B8 2, 2hf' 3 YrdCede Bt R BBt
mal e rotor .2 and the or 10 is supported by .the rofor ,cagjn

Chr ough. ariPhCBRtR: It Eh6 GETEH GOBMMESHY 152 Bak 5 MOJOFOLer gbadddemale
portion of the rotor shaft 5 is supported by HQE tgﬁgﬁasing 11,

t hrough aIREAToP meshéng arith wgchothengre @ccepmy vothyma rebfiorasing i
6 of the female rotor 3 are supported by the _rotor_casing 4 through
rol ling bétatonskafty 5l 6 8f theheoters 3 prrydispragd horizertidlge (nelend
bearing casing 21 for accommodating the bearings 14 and 17 and a

suct i on- siofléhbeatdrnmpsiss g chzetlowither oovadat whijetthearbeppositsetd ofimble
18. Q| sunps 25 and 26 are forned in the bearing casings 21 and 22,

respect i vabyor dagingB1is eshuntele bodst eging4,] whichlaccanonddates a motor 10
accordance with an oil bath method (or an oil bath splash [ubrication

met hod) . composePREAGDLROS aidonathtdb@ve Of bnldprtidnZf thedndfbridasiie11l
suction-side bearing casing 22 and the di scharge-side bearing casing

21 are i nigomRICal hth W ddbeaoh O Folddf i 5% CRIIHALE Bbich™ biadea

29 and further comunicate with t he at nospher e. Lip seals 30 are
provided yotBRIigl 25 OIS SloE1B b abAELL SR A R Ulfcre
001D Bl 1015 8oy PSSR S BRSSP
port 33 alBOLAAYD B BRRBREL pBPra sAra vidr sed hot om0l RororBhshafy s
4. is supported by the rotor casing 4 through a rotor-side rolling bearing 14, an
intermediate portion of the rotor shaft 5 located between the male rotor 2
and the motor 10 is supported by the rotor casing 4 through an intermediate
rolling bearing 15, and a motor-side end portion of the rotor shaft 5 is
supported by the motor casing 11 through a motor-side rolling bearing 16,
Both ends of the rotor shaft 6 of the female rotor 3 are supported by the rotor
casing 4 through rolling bearings 17 and 18. The rotor casing 4 has a
discharge-side bearing casing 21 for accommodating the bearings 14 and 17

and a suction-side bearing casing 22 for accommodating the bearings 15 and
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A chanber 40 is provided in the exterior of the screw conpressor 1
separately fromthe suction-side bearing casing 22 and the
di scharge-side bearing casing 21. QI is poured into the chanber 40

as will be described |ater. A space positioned above an oil |evel 41
in the chanmber 40 is in conmunication through the comunication |ine
29 with the spaces positioned above the oil levels 27 and 28 in the

conpressor bearing casings 21 and 22. The comruni cation |ine_ 29 i
al so i n céfnuRib sumps &6t and %6 arenfepmerein the hasame casigs %ha%ér?&
40 may be opened to the atnosphere w thout communication with the
comuni catrésprctivaly, 28 lubricatiel tHechedringndd; 160ill7 ard d8 ideacsordagce with
nmeans) 42 is provided in the chanber 40. The bottons (oil sunps) 25

and 26 of ghhe] bast inethed dar heailibaghapdasiglwRicatibst hestHodchar ge- si de
bearing casing 21 in the screw conpressor 1 and the bottom of the

chanber 40 are 5p.cMHBitiRlcdOabYHE HiPa6VEISt FRTaddrFBIGh Bt SuktibhRede
43. The oil sunp 25 in the bearing casing 21 in which the timng

31 . . Le | i . .
W th eachDBRRE IpSiACRITBAS! Bk CARChARCL WiRhY JLane PEaEd in
tri il |..48),.0f th RN ' h ' '
Lo el A Nt BHGR Tl 16 QbR " and
e T hauthep commvaicary with e ahgithare; oL peuR R redos i the
approximately the center gn a lower raqller 49 (see Fig.

5) of the
bearing 1¥otonshadiseh andes fm raytiftoninegetwess theanierion apd|the gxtexor of

line, an oil supply |line 47 separate fromthe oil line 43 may be

connect edthe nober ibasinignfp caninrgesing spare)2n mhigh | theerpleratlieads 8nars
44 capabl e of detecting the tenperature of the oil tenperature To is
provi ded mocdrhmodiaked.i fBindikg gears 31 and 32 are fixed to an end of the male

rotor 2 and an end of the female rotor 3, respectively, so as to mesh with each
other. An air suction port 33 and an air discharge port 34 are formed in the
rotor casing 4.

A chamber 40 is provided in the exterior of the screw compressor 1
separately from the suction-side bearing casing 22 and the discharge-side
bearing casing 21. Oil is poured into the chamber 40 as will be described
later. A space positioned above an oil level 41 in the chamber 40 is in
communication through the communication hne 29 with the spaces
positioned above the oil levels 27 and 28 in the compressor bearing casings
21 and 22. The communication line 29 is also in communication with the
atmosphere. The space in the chamber 40 may be opened to the atmosphere
without communication with the communication line 29. An oil level sensor
(o1l level detecting means) 42 is provided in the chamber 40.

The bottoms (0il sumps) 25 and 26 of the suction-side bearing casing
22 and the discharge-side bearing casing 21 in the screw compressor 1 and

8
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An oil discharge line 45 branches fromthe oil line 43 and an
openi ng/ cl osing valve 46 for the discharge of oil is provided in the
oil discharge |ine 45. Ol is fed froman oil tank 50 for
storing oil, to the chanber 40 through an oil punp 51 and an oi

cool er 52. In the water |ubrication type screw conpressor 1
there is provided a control unit 60 which controls the oil punp 51
and the opening/closing valve 46 for the discharge aof oil_ i

accor dancéheibobtote o€ the charbgn A0saner g caramumieation svith pagh pthexthroygh
42 and the tenperature sensor 44. In the screw conpressor 1
st ruct ur ecirpsil silbev4s. UPoe ofl sumim G50 thfe hdrrinpeasing @1 ivhwhidl the trong
2 rotates via the rotor shaft 5, and further the female rotor 3

rotates Vigdat$@1t bl B2 geRnsciiinvddtS®.and the oitlahé a3 afe thenesibd vaith
female rotors 2, 3, the air which has been sucked fromthe suction

22 B e O 04 S AT o R0 o

di scharge tB8"di1 Bfel 27 in the oil sumyp 25 which permits lubrication of the bearings
14 and 17 as shown in Fig. 2. According to an experiential knowledge, this
oil level lower limit (i.e., the trip oil level) is usually set to a position which
passes approximately the center of a lower roller 49 (see Fig. 2) of the
bearing 17. Although the oil line 43 also serves as an oil supply line, an oil
supply line 47 separate from the oil line 43 may be connected to the bearing
casings 21 and 22. An oil temperature sensor 44 capable of detecting the
temperature of the oil temperature To is provided in the oil line 43.

An oil discharge line 45 branches from the oil line 43 and an
opening/closing valve 46 for the discharge of oil is provided in the oil
discharge line 45.

Oil is fed from an oil tank 50 for storing oil, to the chamber 40
through an oil pump 51 and an oil cooler 52,

In the water lubrication type screw compressor 1 there is provided a
control unit 60 which controls the oil pump 51 and the opening/closing valve
46 for the discharge of oil in accordance with detection signals provided from
the cil level sensor 42 and the temperature sensor 44.

In the screw compressor 1 structured as above, upon turning ON of
the motor 10, the male rotor 2 rotates via the rotor shaft 5, and further the
female rotor 3 rotates via the timing gears 31 and 32. With rotation of the

male and female rotors 2, 3, the air which has been sucked from the suction

9
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Since the bottom of the chanber 40 and the bottons (oil sunps) 25, 26
of the suction-side bearing casing 22 and the di scharge-si de bearing
casing 21 are in communication with each other through the oil Iine
43, and the oil level 41 in the chanber 40 and the oil |evels 27, 28
in the bearing casings 21, 22 are subjected to the sane pressure

t hrough the comunication line 29, the oil levels 27, 28 and 41 are
at the same height in accordance with Pascal's ptingcjple. Actually,
however, porh33 wderthenwtar casing Fvgweéalgg wHE the reforp 2endn3
t he di scharge-side bearing casing 21 and the oil line 43 are

connect ed astdrhneakited thereimis cdrephessedand disckeargeduremathei disekangeqort
in height anong the oil levels 27, 28 and 41, if the oil is agitated
with the t3um ng gears 31 and. 32. According to an experinenta
result obtained in a proof test (using a screw conpressor 1 according
to the present igiy&ihOBoftoin of B elesdmbet A0t Hed ehb Hotfen4 &il sangid t2sd

by the present inventors, under the operating conditions of 5000 rpm

70C, or 1GQ0 {‘ng $betidd SR Eé%;lﬁ& E%g;ﬁyﬁﬁttﬂg‘ @schiie-side bearing

di schar ge-si de beari ng casi ng espec e pressure near t

he. o sendpgRefRate il PR FuleRh A oI R e rtﬁ#%%‘ Qﬂﬁgiééﬁb%i il
ot cesur o. the i ovel bk iy ERP hARTHRE B pB Hih ot oV Bt £ 20,1 having

fromthe chanber 40 toward the diseﬂarge-gide beari ng casng 21
through t 6as@igs [2he 2B a1ei SabBSEht ton thie SPBS BresuEe o through ofhe
devel oped between the chanber 40 held at the atnospherjc pressure .
and t he vicommugicationnang g0t tha oif levals @i7s 88 anged | pye abshe saBlecheighp in
21 locally held at a negative pressure, with the result that a

di f f er enc acommanse bertheg asddle hengple.of Actvallyi however, i4thasbeee known
chanber 40 and that of the oil level 27 in the discharge-side bearing
casi ng 21.thabén dhéfeasendeseithehsd] ghtnpaddng thieedisthadgevstls b2ayinZcammig
41 vary dependi ng on various conditions (e.g., the viscosity of oi
and the nenbghadaher &Y Ul dBNBrecforintetdd Rintly edehrsthdi atnihe Bajtom, there
On the other hand, in the proof test conducted by the present

i nventors 10(:@:151‘5}"@&5%9&62515@%% Ké&ight kinddietiosil 1éwils 2, 29andcdi,aNthe oil is

between the oil sunp 25 i'n the bearing casing 21 with the timng

sears 55 A ARRIRIBAR dhacsyandyt 1 o] 11 ne 13 e mic

G L1 e eree, et veGDy L 15 bl Lk Bt B MR Geo
%) 22 S A P 1L B 2R G SRPAAPF LRSS 2
TR A R AR N CATRE

pressure. Consequently, there occurs novenent of oil fromthe chanber
40 to the candifiensel 300rmsea?@ iy oxdd09gmm, 4% shgwressureinear the bogtom
that there occurs a difference in height between_the oil level 41 in

t he chambef @ disgharge-side beamng xpsing e espseiadlygtheipdesyyagr neay the
casing 21. However, the closer the position of connection to the

bot t om of Hoteomlisaxhanghesside hesr diggantdiony the, sarhw pterd 8randd in the
i nfluence of the negative pressure and the |arger the amount of oil
movi ng t o dikchatesalide deasingecdsdagi 2y wasifoondlicabd demngativeeprassere of

significant the difference in the height of oil |evel. Conversely,
the cl oserghout -150 mmAq in comparison with the atmospheric pressure.
Judging from this experimental result, oil moves from the chambex
40 toward the discharge-side bearing casing 21 through the oil line 43 during

operation due to a pressure difference developed between the chamber 40
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the position of connection to the trip oil level, the smaller the

i nfluence of the negative pressure and the smaller the anount "of oi
nmovi ng to the di scharge-side bearing casing 21 and hence the |ess
significant the height of oil |evel. Fig. 2 shows differences
fromthe atnospheric pressure at various positions (heights) fromthe
bott om of the di scharge-side bearing casing 21 during operation of
the screw conpressor. The_ difference between the pressure at the

hei ght of beb& atr ke gitmasphericpressure anditthespieanity oy e hottom pfpthe
However, the value of Ap is a very small value and the difference

bet ween t kiésdhairgérisids besringchsing\il logally held et anegadivedireasiars, vath she
the oil level 27 in the discharge-side bearing casing 21 is of a

subst ant i gbéoltithaemadiferéeds 6eurs betweeAsthoheigrhahdvbe di 14ved 4 in the
sunp 25 in the bearing casing 21 in which the timng gears 31 and 32

are acconpRdaiird ANgdnd '%E_a{l? 'b:f thé l%ﬁ41%3e?!tz? iﬁ%@eﬁ%&?ﬂ@eﬁﬂd@ %@Erﬁié"@ésiﬁ{;

the height of the trip oi eve I's possible to chec

posi tivel p elglmeﬁ[‘}g%rde\_ﬁ%%n%& ﬂleﬁgigh%7m§lgfj eRe N 140 et g?% M d L€ vary

trip oil e ‘avol ding the ocCurrence of a di'fference in

hei ght between,the oil |eyels 27 an 1. . Al Lend; '
theoi 11 GSBERIAE o vl Fohafdefl e E b8 Ry T Snh ¥hedfldBer BF
becone | ower than t trip.oil level 4 he bearings 14, 15, 17 and
18 can berBY%l\‘r‘éWPéd’?gh%ﬁ‘\ el %ﬁ“&gg ort age. Next, a

description will_ be_given about the supply_.and discharge.of pil which
are control | ed B tthe @&ﬁfr bendniin the myosh tesk Wdupﬁﬂi]elbyséﬁgopr%ﬁnt

in the chanmber 40 detects that the oil |evel 41 has becone | ower .than

a preset fnventovslitievasheeingivmad thasrifithbamosition of conrecsion heiveenithesoll

activated by the
sump 25 in the bearing casing 21 with the timing gears 31 and 32
accommodated therein and the oil line 43 was made equal to the height of
the trip oil level 48, there occurred little difference between the height of the
oil level 41 in the chamber 40 and that of the oil level 27 in the discharge-side
bearing casing 21 in a state in which the cil levels 27, 28 and 41 approached
the trip oil level 48. This is presumed to be for the following reason. The
oil sump 25 in the bearing casing 21 is agitated with rotation of the timing
gears 31 and 32, resulting in generation of a negative pressure.
Consequently, there occurs movement of oil from the chamber 40 to the
discharge-side bearing casing 21 through the line 43, so that there occurs a
difference in height between the o0il level 41 in the chamber 40 and the oil
level 27 in the discharge-side bearing casing 21. However, the closer the
position of connection to the bottom of the discharge-side bearing casing 21,
the greater the mnfluence of the negative pressure and the larger the amount
of oil moving to the discharge-side bearing casing 21 and hence the more

significant the difference in the height of oil level. Conversely, the closer
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control unit 60 and cooled oil is fed to the chanber 40 (and hence to
t he bearing casings 21 and 22) through the oil cooler 52 fromthe oi
tank 50. Upon | apse of a predetermned tine after activation of the
oil punmp 51 or when the oil level 41 reaches a preset third val ue
"height M (higher than the first value "height LL" and | ower than a
second val ue "height H' to be described later), the oil punp 51 is
turned OFF. As the oil level 41 in the chanber 40 is raised, the oi

| evel s 27thegogiionofidomnettion topke 2Epantlerel, shesmalder thetimflvevke of jhe

to the sane height as the oil |level 41 in accordance with Pascal's
princi pl enegétife r peddsurdf ahfiethié ssmollet hthedidmbent! ofd bill moviage hanties
40, oil is fed to the bearing casings 21 and 22 and thus danage of

the beari Elib%h%fge%ﬁle Egai‘i’ﬂgﬁé%n%a}!ﬁ addDercewheilegs SfenifiCatti the B¥ghs of

in those bearing casings c e prevented. It suffices for the
"hei ght LbﬁJEdee set to a value equal to or higher than the trip oi
| evel 48. " When the oil level 41 becones higher than a preset

openi ngl dosi ng. T HEvEoEites oty 4R AR Y brsi®e afgvarpus

i s discharged, fromthe arin asi ngs and 22, then .upon | apse o
a predet ePgFWé’ﬂ‘St ‘;Hﬁ%&&ﬁ?&orﬁﬂgﬁﬁﬁﬁt quh %%Wﬁaliﬁ)e' ev&f%’r’”fgﬁgﬂpg 1
| evel 41 reaches the third value "height M" t&ﬁﬁv | ve 46 is cl ose
to termn ndbging eperaivmrofeths Srewr eURPIEBOBea gak%‘%rﬁﬁa% betwegy. the
22. If too nuch oil is supplied, the amount of oil agitated by the
bearings paessiBSe atthe i@ightdofi the fwimmdiddevdadbsasd thg atingepkerdepressure is
resulting in increase of the oil tenperature and | owering of

vi scosi t y Apuwhdlewpvéheahe valua pbdgi s la vegrpfsnsabagduef anddhipediffargace
14, 15, 17 and 18. However, such a possibility can be elim nated
(excessi vpeswiod Yhohedilht sithdeil deeslent &6 khbhahebext 4@ ahdr th ateascihielsl
above. Even if the oil level 41 is not higher than the preset
second valdigl” pei ahtihi” d_ié%ﬁ'a?%lﬁ-'sﬂﬁ HeadthgURBEId 12T tis of o tsubStdiitgaley
than the third value "height M and the oil tenmperature To is higher
than a presel WpPGEsldeM t tenperature, the opening/dosing valve 46
for the discharge of oil may be opened and oil may be discharged from
t he bearing casi 2211 N -1 hi.s_Ccoan i . b :
adopted a strucé%%%ﬁéééﬁggﬁ’éﬁéﬁ‘%ig?%ﬁﬁ éﬁﬁﬁ%ggﬂ?F%gfEé%ﬂgﬁgﬁghgﬂuﬂh
after openj ng.of the opepjng/ j ng val ve 46 r. whan + he .okl | evel
31 has T odbnditing s Shatih e e Beiupafia B g Yfing Wohre
“height M and higher than the first .value. height .LL") _ or., when..th
oil t enpep%ﬁ?@ee}g"@? 86&‘ pther %%’?}e@ﬁ MW&@AEY%#&F%RO@SH%&
than the above upper-ligt, tenperatur t he openi ng/ ¢l osi n alve 4
i s cl osedcheek pesifaveht w ﬂéerd‘ih&%ﬁ‘ij’@(fép hag repehad the NSt Q%d}\;%?ip
21 and 22. Even with this structure, it is possible to elimnate the
possi bi | i 1gvedbf4Sdwhilgeawsidingethecescuapencesof a giffarengadnteight hateeast the
rise of the oil tenperature 'Ib and the resultant | owering of

vi scosi t yoilFesnls 27tdmal dill Bynmedatainmgl the hiehghthef thévanl lavel 27 in the

upper-limt tenperature, if the oil level is |lower than the "height
M " pri or idischiaggeisidenbéarieg eusin®o21 Be asemeti teeblecnme hdwar thn thae drip el
di scharge of oil is not perfornmed as descri bed above. Si nce

the strucléye 43deipé Beladkingt e, #HOVP afADEIEATERE prbeitted fHdiA iidergbdigesi
inthe oil tank 50 is feg to the chanber 40 wth the oil punp 51

conmbi nes L Rgrhucture for detecting the oil levels 27 and 28 in the
oil sunps 25 and 26 forned in the bearing casings 21 and 22 wth the

structure for t u -0 | t i i aa%? :
there al so accr ﬁgeg% ag%gﬁr?g?%w ﬁ)ee @??ﬁ%%?@%%@%?ﬁ?%ﬁm@ég %f oil
above des%ﬂi%'a% CIOIS).tI‘O re(c?il l}/y {:lzllel 85&1;5:@ 1'11\1/3 GCH t%e}let%réndif f‘évef %Qx?se&tzlz n

the chamber 40 detects that the oil level 41 has become lower than a preset

first value “height LL” of lower limit, the oil pump 51 is activated by the

12



= -

of the present invention, and technical concept of the present
invention is not limted by the above enbodi nent. Modifications and”
changes may be made within the scope of the present invention. For

exanpl e, the space which overlies the oil level 41 in the chanber 40
conmuni cates through the conmunication [ine 29 wth the space which
overlies the oil levels 27 and 28 in the conpressor bearing casings

21 and 22, and it need not always be open to the atnosphere.

Further, thetrsbaest $0i shdaweldd efl ishfedoid thechhrddieri 40 tthadchendeeto 40e
conmmuni cates through the conmmunication [ine 29 wth the space which

overlies HRgwRkl cdsygl 212 @P8) 2Brbvicl BBe BIBHSIES B2 hoa1 ithE EREANIESO.
21 and 22, and’it may be structured so as to permt the injection of

L\ngg e\?vai yr}g{nggg%et @gﬁgﬁ%ﬁﬁhbﬂ Nidnle"Srté0 acti¥labn | of He2bilgfhs 5  or
when the oil level 41 reaches a preset third value “height M” (higher than the
first value “height LL” and lower than a second value “height H” to be
described later), the oil pump 51 is turned OFF. As the oil level 41 in the
chamber 40 is raised, the oil levels 27 and 28 in the oil sumps 25 and 26 also
rise interlockedly to the same height as the oil level 41 in accordance with
Pascal’s principle. As a result of the rise of the o1l level 41 i the chamber
40, oil is fed to the bearing casings 21 and 22 and thus damage of the
bearings 14, 15, 17 and 18 caused by lowering of the oil levels in those
bearing casings can be prevented. It suffices for the “height LL” to be set to
a value equal to or higher than the trip oil level 48.

When the oil level 41 becomes higher than a preset second value
“height H” which indicates an upper limit, the opening/closing valve 46 for
the discharge of oil is opened, and oil is discharged from the bearing casings
21 and 22, then upon lapse of a predetermined time after opening of the
valve 46 or when the oil level 41 reaches the third value “height M,” the
valve 46 is closed to terminate the discharge of oil from the bearing casings
21 and 22. If too much oil is supplied, the amount of oil agitated by the
bearings 14, 15, 17, 18 and the timing gears 31, 32 increases, resulting in
increase of the oil temperature and lowering of viscosity, whereby there is a
possibility of damage of the bearings 14, 15, 17 and 18. However, such a
possibility can be eliminated (excessive supply of oil can be prevented) by the

structure described above.
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a pair of rotor shafts disposed horizontally; bearings for supporting
said rotor shafts; a bearing casing for accommodati ng sai d bearings;
an oil sunp forned in a bottom of said bearing casing, said oil sunp
being structured so as to allow a | ower portion of said bearings to
be soaked into oil for lubrication; a chanber provided separately
fromsaid bearing casing; an oil line for conmunicati on between

said oil

sunp and sai d chanber; and
Even if the cil level 41 is not higher than the preset second value

“height H” indicative of an upper limit, if it is higher than the third value
“height M” and the oil temperature To is higher than a preset upper-limit
temperature, the opening/closing valve 46 for the discharge of cil may be
opened and oil may be discharged from the bearing casings 21 and 22. In
this connection, there may be adopted a structure wherein when a
predetermined time has elapsed after opening of the opening/closing valve 486,
or when the oil level 41 has reached a preset “height L” (lower than the third
value “height M” and higher than the first value “height LL”), or when. the oil
temperature To drops to a preset temperature (a temperature lower than the
above upper-limit temperature), the opening/closing valve 46 is closed to
terminate the discharge of oil from the bearing casings 21 and 22. Even
with this structure, it is possible to eliminate the possibility of damage of the
bearings 14, 15, 17 and 18 because of a rise of the oil temperature To and the
resultant lowering of viscosity. Even if the oil temperature To is higher
than the upper-limit temperature, if the oil level is lower than the “height
M,” priority is given to ensuring the required amount of 01l and the discharge
of oil is not performed as described above.

Since the structure adopted in the above embodiment wherein the oil
stored in the oil tank 50 is fed to the chamber 40 with the oil pump 51
combines the structure for detecting the oil levels 27 and 28 in the oil sumps
25 and 26 formed in the bearing casings 21 and 22 with the structure for the
supply of il to the bearing casings 21 and 22, there also accrues a menif that
the structure becomes simpler.

The above description is merely illustrative of the technical concept

14



oil level detecting nmeans disposed in said chanber, wherein a
pair of timng gears are nounted on one ends of said rotor shafts and
accommodated within said bearing casing, said timng gears neshing

wi th each other, and the position of connection between said oil sunp
formed in said bearing casing with said timng gears acconmmobdat ed
therein and said oil line corresponds to a lower-limt height of oi

| evel of said oil sunp permtting lubrication of said bearings. 2.
The scr ewiddeRresent myendion, and techpical coriept 0F tRRPELEHAMIYRIEAPN shnot
| ine for conmunication between a space positioned above an oil_ | evel
in said chsambet buthe abspaenhpssinentneMabboations andl changes mayshé tade
bearing casing. 3. The screw conpressor of claim1l further

conpri si ngithdn thid scupepdfy the peedeant invensiopp! Yorfexzirhpleo thai sp deeawhivh
casi ng,

overlies the oil level 41 in the chamber 40 communicates through the
communication line 29 with the space which overlies the oil levels 27 and 28
in the compressor bearing casings 21 and 22, and it need not always be open
to the atmosphere.

Further, the space which overlies the oil level 41 in the chamber 40
communicates through the communication line 29 with the space which
overlies the oil levels 27 and 28 in the compressor bearing casings 21 and 22,

and it may be structured so as to permit the injection of inert gas through the

communication line 29.
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wherein when said oil |evel detecting neans detects as a value of the
oil level in said chanber a value |ower than a preset first val ue
indicative of a lower limt, oil is fed into said bearing casing
through said oil supply line. 4. The screw conpressor of claiml
further conprising: an oil discharge |line for the discharge of oi
from sai d bearing casing, wherein when said oil |evel detecting
nmeans detects_as a value of the oil level in said chanber a val ue

hi gher tH@%ﬁéﬁbﬁég@ﬂi§écond val ue indicative of an upper limt, oi

is discharged fromsaid bearing casing through said oil discharge
line. 5. Fhe JPelfveemPPESSOT CANPESBEM 1 further conprising: an oil

ly |i f t.h I f .ol t I d ' I ng;
sUpply 11ne Oarpaxr Of totor staffs dl(s)ﬁosed%oiﬁzlontalﬁe?” ng casing

bearings for supporting said rotor shafts;

a bearing casing for accommodating said bearings;

an oil sump formed in a bottom of said bearing casing, said oil sump
being structured so as to allow a lower portion of said bearings to be soaked
into oil for lubrication;

a chamber provided separately from said bearing casing;

an oil line for communication between said oil sump and said
chamber; and

oil Ievel detecting means disposed in said chamber,

wherein a pair of timing gears are mounted on one ends of said rotor
shafts and accommodated within said bearing casing, said timing gears
meshing with each other, and the position of connection between said oil sump
formed in said bearing casing with said timing gears accommodated therein and
said oil line corresponds to a lower-limit height of oil level of said oil sump
permitting lubrication of said bearings.
2, The screw compressor of claim 1 further comprising a communication
line for communication between a space positioned above an oil level in said
chamber and a space positioned above an oil level in said bearing casing.
3. The screw compressor of claim 1 further comprising;:

an oil supply line for the supply of oil to said bearing casing,

16



an oil discharge line for the discharge of oil fromsaid bearing
casing; and oil tenperature detecting neans di sposed in said oil

i ne, wherein: when said oil level detecting neans detects as a
value of the oil level in said chanber a value | ower than a preset
first value indicative of a lower [imt, oil is fed into said bearing
casing through said oil supply line, while when said oil |evel

veI in sai,d c nbera

d d h
val ve hi gner - trasrew Fhde aRiCel T dBlecting Brens %C%@S&nvad%ef T
oi | i, diisohalogdqf (M RAR I0WercARH"D B SaLE Rldcatiiobpgoe

l'i ne
lower limit, oil is fed into said bearing casing through said oil supply line.

4, The screw compressor of claim 1 further comprising:

an oil discharge line for the discharge of oil from said bearing casing,

wherein when said oil level detecting means detects as a value of the o1l
level in said chamber a value higher than a preset second value indicative of an
upper limit, oil 1s discharged from said beanng casing through said oil
discharge line.
5. The screw compressor of claim 1 farther comprising:

an 01l supply line for the supply of oil to said bearing casing;

an oil discharge line for the discharge of oil from said bearing casing;
and

oil temperature detecting means disposed in said oil line,

wherein:

when said oil level detecting means detects as a value of the oil level
in said chamber a value lower than a preset first value indicative of a lower
limit, oil is fed into said bearing casing through said oil supply line, while

when said oil level detecting means detects as a value of the oil level
in said chamber a value higher than a preset second value indicative of an
upper limit, oil is discharged from said bearing casing through said oil
discharge line, further,

when said oil level detecting means detects as a value of the oil level
in said chamber a value higher than a preset third value lying between said

first value and said second value and when said oil temperature detecting
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when said oil level detecting nmeans detects as a value of the oi

| evel in said chanber a value higher than a preset third value |ying
bet ween said first value and said second val ue and when sai d oi
tenperature detecting neans detects as a value of the oi

tenperature a val ue higher than a preset value, the oil is discharged
fromsaid bearing casing through said oil discharge |ine.

means detects as a value of the oil temperature a value higher than a preset
value, the oil is discharged from said bearing casing through said oil

discharge line.

18



