TI TLE OF THE | NVENTI ON SCREW COMPRESSOR BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention The present invention relates to a screw conpressor.
2. Description of the Related Art In a conventional screw conpressor having
a pair of male and female 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 |ubricated and cooled with oil to prevent danage
thereof. In connection with the related art, an oil bath nethod is nmentioned
as a general lubricating nethod used in case of |low or nedium speed.

rotation. In the oil bath maiireg OFF THESRVENRITEON install an oil gauge and

thereby nake it possible to check the oil level easily so that the oil |evel

lies at the center of a bott Pl e. However, when it is
intended to adopt the oil Wﬁﬁwﬁgmﬁggrl Cation of beari ngs and

timng gears in a positive- d| spl acenment conpressors such as, for exanple, a
screw conpressor, it may not always be possible to install an oil gauge at

such a position as per u oil level due to,

for exanple, a unique %@Kf@ﬁé&ﬁ@ gbffgigt%&m%gégeng f or acconmodati ng
the bearings and timng gears. In Japanese Patent No. 2580020, conpressed
air is taken out froma casi rigFéelda tdier ] W@Mssor and is conducted to a

throttle portion of an oil 1
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 lubrication 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 gauge 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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m st producer, then with a negative pressure generated in the throttle
portion, lubricating oil is sucked up and made into oil mst, then oil m st
is fed for lubrication to bearings and tim ng gears acconmodated within a
casing. According to this conventional nethod it is possible to avoid
exhaustion of the lubricating oil, but there remains the problemthat the
position of oil |evel cannot be confirnmed. In Japanese Patent Lai d-OQpen No.
2003- 148370, an oil level sensor is nounted within a casing of a scrol
conpressor, and when the oil |level beconmes |ower than the position of the

ol Teve migpyfloduber dhih %%H_Saiﬂe%%wwegﬁﬁewﬁg%ﬁ?gaﬁpgﬁ@'meraa{'o@ﬁg from

the oil | eveP sensor, |'ubricati oi'l Ts su roman oil container
whi ch stores,.the Lubricati |l n_t scholl. c S ver.. rotor
shaft's ar @OLPOBCAARE, il s Spcked Yt PEQ aREAE g RTRRETS Han, HETISS
met hod is_.applied to screw canpressor..wWi.th rotor shafts di.sposed in the
hori zont afe‘g{%?’éi‘c‘bﬁﬁ?af’ﬂetoog?qigg@l (AN g RO ya('&f]’émf‘%‘fat@ﬂl g’%ﬁ”ﬁfaoi | by
timng gears and it is difficult to effect an gc urate oil |l evel detection.
SUMVARY OFasipg. | NYeaQriime (to fRisagonysmddenas mey, OérbtséﬁtPQSﬂlélﬁt tQro8d pr ovi de
a screw conﬁress_or having rotor shafts disposed horizontally and bearings
f or suppoexhagstitie ofrtéteolulmmtng oilh dubetrera geemainsgthes proklsme dhaty the oi |
bat h net hod, the screw conpressor pernmtting accurate confirmation of the
| evel of piokitipmesfanil leviel chmmotabdeanfirmmedasi ng and being not likely to cause
oil shortage in the bearings. According to the present invention, as neans
for achi eving theJapanese Patent Laid-Open No. 2003-148370, an oil level sensor is

mounted within a casing of a scroll compressor, and when the oil level

becomes lower than the position of the oil level sensor, a valve opens in

accordance with a signal provided from the oil level sensor, and lubricating

oil is supplied from an oil container which stores the lubricating oil. In the

scroll compressor, however, rotor shafts are disposed in the vertical direction,

and if the lubricating method is applied to a screw compressor with rotor

shafts disposed in the horizontal direction, the oil 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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2 above-nentioned object, there is provided a screw conpressor conprising a
pair of rotor shafts di sposed horizontally; bearings for supporting the
rotor shafts; a bearing casing for accommodating the bearings; an oil sunp
formed in a bottomof the bearing casing, the oil sunp being structured so
as to allow a lower portion of the bearings to be soaked into oil for

| ubrication; a chanber provided separately fromthe bearing casing; an oi
line for comunication between the oil sunp and the chanber; and oil | evel
detecting neans disposed in the chanber. Wen rotors are rotating in the

SCrew COMpR%8Shen@bhed BYfct IHcRE S MoviRANS s@f@?%ﬁfbx‘egs&“&)m? bighigoh of the

screw corrpressor cannot be utilized  because the oil '|evel he bott om of

the bear F3 g!ﬁ'&:r' s‘ha‘}fsclﬂ%%&%(ﬂ%o?&%nttﬂl& Spéiéxggé)?oxobl}lp?ﬁﬁié@’ e r@fb?éor ding

to the af re means, si'n an ol

comuni cat | betmeen t he.be ng casi a e _chanber onrthe
bear i ng_ c4bPts: Stearthd Crane o AtopaRaBeunE the Bearfa: an pibRbRP | evel
detecting.nme ns dIS i n. the chanber .which ovi de from
he  bear | i Aoty GL1be eaBigsastus he il b beyks éwcﬁrr%erpcgﬂ{ @ﬁ %
variations in oil level in the interior_ of the conpressor. Preferably, t here
i s provi ded lewen marhionaef dhe| berrings tochaminaked: iy BYt fzelubricafion 2
positioned above an oil level in the chanber and a space positioned above
an oil | exbhmbert providedi separadelyg framt bhe hbearingr casinge,an hal dine |fovel can
be detected accurately with the oil |level detecting neans disposed in the

chanber whommunigation detwsepatlad adil/ fumm thd theachambersiand ioil 1dweel
conpressor, W thout being influenced by variations in
detecting means disposed in the chamber.

When rotors are rotating in the screw compressor, oil level detecting
means disposed in the interior of the screw compressor cannot be utilized
because the oil level at the bottom of the bearing casing is 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 irr 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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oil level inthe interior of the conpressor. Preferably, a pair of timng
gears are accommopdated within the 3 bearing casing, the timng gears being
nount ed on one ends of the rotor shafts and nmeshing with each other, and
the position of connection between the oil sunp forned in the bearing
casing wwth the timng gears accommodated therein and the oil |ine
corresponds to a lower-limt height of oil level of the oil sunp permtting
| ubrication of the bearings. Wth this structure, lubrication can be done
while allowing a timng gear |ower portion to be soaked into oi

Pref erabl yheariff @abingPrtRYI ﬁ.ﬁﬂn%”gé%ﬂrb 15eiRp! Mohhbed fodr ohbeeridsrsf Yhefrofid tO

t he bearlng casi ng, and when the oil level detecting means detects as a
val ue I r st
ValUe i ndtRgiyad pieHipk kil EUREE, dhd B opl ?#‘ﬂﬁ*e%%?%é‘;%ehg

%233?%& E@ ol oﬁ*ﬁﬁe&#ﬁ%heﬂv %E%B%%%%fél AR oty e ¢ Iﬁxﬁ%e‘é@sepalratel
in'the ?Pta&‘i’c‘f@,ﬂ? aﬁhgﬂggé“p@?&gﬁ%%ilﬁﬁ}@%gﬁé‘ﬁ% W & oI hai#@ra%' il Ireﬁve
Pr ol or abl yil Lol o heghil pRursn paFON G RSBHERGR 0L riher Bpates.ci VARA of |

oil fromthe bearing casing, and when the oil |evel detecting neans detects
as a val wérmtumeh%mcatmeqan be tpre srhalhallowinga fiminggear lover porpoaset
second value indicative of an upper limt, oil is discharged fromthe
beari ng casilegsoakiedangthoilhe oil di scharge Iine. Wth this structure, the oi
| evel can be
Preferably, there is provided an oil supply line for the supply of oil to
the bearing casing, and when the oil level detecting means detects as a value
of the o1l level in the chamber a value lower than a preset first value
indicative of a lower limit, oil is fed into the bearing casing through the oil
supply 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 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.



detected by the oil level detecting neans di sposed in the chanber separate
fromthe bearing casing wthout being influenced by variations in oil |evel
in the interior of the casing and it is possible to discharge a required
anount of oil fromthe interior of the casing. 4 Preferably, there are

provi ded an oil supply line for the supply of oil to the bearing casing, an
oil discharge line for the discharge of oil fromthe bearing casing, and
oi |l tenperature detecting nmeans disposed in the oil line, and when the oi

| evel detecting neans detects as a value of the oil level in the chanber a
val ue lower thapariiapheithbid abe Yabvidelnel Gﬂtédﬁﬂ?f]nﬁe fogvmre éa;m Iy of o | is
fed into the bearing casing through the 0|I supply I'ine, en the oil

| evel detect | er a
val ue hi gﬁcérﬂ]t%hahm%r egﬁ'l% seconéﬁv‘}tﬁﬂg8 iéd;ﬁh\%ehlokﬁ}‘%eu%gggrﬁ?m , oil is
di scharged fromthe bear casing.thr h the scharge .lineg, .further,
when 't ha. d1oATHE ERing, gl PR eRTarhEt B4R2ube hhs BiSEREINE heth el
the chanber_ a_val ye hi her han.a preset ird valu yi bet ween .t he
first  vaand shen the addevrl e delarks aF 8 Valnsepiths 6l devace ng
means detects as a value of the oil te rature a val ue higher than a
preset valthe chambern value lgwerthagaipresg ﬁ’é"fb‘él&rm agyg of @ Yonvesdynits he oi |
discharge line. Wth this structure, by further providing oil tenperature

det ect i ng aibimfed; imto the bearing easing threngh the silpngpilylise; swhdles whendgtheoi | on

the basis of the value of oil |level and that of oil tenperature. According
to the preagkhdvel detsttimpmenhsletettoras divapus efithevildevtlain the diamber acr ew
conpressor are rotating, the oil |level detecting neans disposed

value higher than a preset second value indicative of an upper limit, oil is
discharged from the bearing casing through the oil discharge line, further,
when the o1l level detecting means detects as a value of the oil level in the
chamber a value higher than a preset third value lying between the first
value and the second value and when the oil temperature detecting means
detects as a value of the oil temperature a value higher than a preset value,
the oil is discharged from the bearing casing through the oil discharge line.
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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in the interior of the conpressor cannot be utilized because the oil |evel

at the bottomof the bearing casing is oscillating, but since there are
provi ded a chanber separate fromthe bearing casing in the conpressor, as
well as an oil line and a comunication |line both for communication between
the bearing casing and the chanber, the |level of oil present in the
interior of the conpressor can be detected and checked accurately by the
oil level detecting 5 neans detecting the oil level in the chanber separate
fromthe bearing casing in the conpressor w thout being influenced by

variati ons,j.n,gi &edegﬁitelhef oliNfeviel LR t cﬁfan{l:%g §M&%§5ﬂﬁm ROJRAYRP 1Y, it

I S possible to avol occurrence of oll shortage 1 n the bearings.

Besi des, sjnce_ol k. ] ' ' ; ' ' | L] : ol, it
e pose bi e B e fpbihag: P b AREATENGR B YRt one BRI RSB o

| evel . The_ chanber se ate fromthe conpressar can be of .a sinpl.

structure E}&'W’?‘F&‘]&s‘)ﬁg{‘ﬁ %’“é‘f’?‘aﬁﬁ‘frure(‘c qH@Pgl& ilﬁés H0sSThle tIoeng‘?l%‘i the he oi |
sunp forned in theﬁ;}gﬂei ng casin(t;l?agd a structure for the supply of oil. If
t he anount 0@RIENCE shortage Huthe,beanpesof the conpressor beconmes too

| arge, the oil tenmperature rises as a result of agitation of the oil and it
i s possible thaBesides esines odds nepleanshps v camnbingdion with eldevel confeali ng of
viscosity. However, such a possibility can be elimnated by making control
based on titdspaksibloto prévend\deimage of the bedrings cawsgkbuiloweringRifEke oil
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic diagram (partially in
section) ofeval.screw
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 o1l 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 cil level and that of o1l 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.



conpressor according to an enbodi nent of the present invention; and Fig. 2
shows differences fromthe atnospheric pressure at various positions
(heights) fromthe bottom of a di scharge-side bearing casing during
operation of the conpressor in the case where an oil line and an oil sunp
formed in the bearing casing which acconmmodates timng gears are connected
with each other at the height of a trip oil level. 6 DESCRI PTION OF THE
PREFERRED EMBODI MENT An enbodi nent of the present invention will be
described below with reference to the acconpanying drawings. Fig. 1

i1lustrates_a scr eypSUAIPIYEN OF IHRFRAYERRED EMBJDIRENG!  the present

I nvention. The screw conpressor 1 is a water lubrication type screw

conpressor wher eAfy eﬁ%o%nreﬁtt%ﬁllg p0&hn iﬁ(f?nﬁi}ﬁlv?ﬂl ﬂeé&%é&?ﬁ&%@; witht N
water. In the screw conpressor 1, "a pair of male rotor and female Trotor 3
meshi ng wt eachtotger are accommdated within a rotor casing 4. Rotor
shafts 5 AfdHNGF 1 fBe A5cgpRrag “PESdi sposed horizontally. One end of
the rotor casing,4 is,closed with a cover 7, while.to an o si.t e end, of the
Fotor casing 4 e aHiEaaes s R SaRRECERE AT HBEIMBUSPEOtmARE o 10

conposed of a rotor 8 and a stator 9. An end portion of the notor casing 11
i s al so dodwdprasent anventeen.1 Thegerevscompyrasar biga vatemimbaicadion typeand a
notor shaft 13 of the notor 10 share an integrally-fornmed shaft (separate
rot or shafscré8wacndnprrsser sthdrein 3cyey votonso st 3t areecoded uamnddubricatedl i ng
(not shown) or the like). A screwrotor-side end portion of the rotor shaft
5 is suppwithedrabsr.t He thet srewasimpressvhriougpanr obtmale sother 2 cind fagnblear i ng
Han rotor 3 meshing with each other are accommodated within a rotor casing 4.

Rotor shafts 5 and 6 of the rotors 2 and 3 are disposed horizontally. One end

of the rotor casing 4 is closed with a cover 7, while to an opposite end of the

rotor casing 4 is mounted a motor casing 11 which accommodates a motor 10

composed of a rotor 8 and a stator 9. An end portion of the motor casing 11

is also closed with a cover 12. The rotor shaft 5 of the male rotor 2 and a

motor shaft 13 of the motor 10 share an integrally-formed shaft (separate

rotor shaft 5 and motor shaft 13 may be coupled together using a coupling

(not shown) or the like). A screw rotor-side end portion of the rotor shaft 5

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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i nternedi ate portion of the rotor shaft 5 | ocated between the male rotor 2
and the notor 10 is supported by the rotor casing 4 through an internedi ate
rolling bearing 15, and a notor-side end portion of the rotor shaft 5 is
supported by the notor casing 11 through a notor-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
di scharge-si de bearing casing 21 for accommodati ng the bearings 14 and 17
and a suction-side bearing casing 22 for accomodating the bearings 15 and

7 18. O guMyil2qnmpd 26 Mae2b0siethinled 8 ARALEAANGASINASs 2L and 22,
respectively, to lubricate the bearings 14, 15, 17 and 18 In accordance with
an oil bat (Qr . Q. th, .S | ybr § i t

posi 11 oned SRR iy &f Wik sREHeaSElAT, VO LEBnITs TR MORamRI R g 22
and the dischargersid ring.casji;n l.are in.. co nigation with each

ot her thrdﬂbﬁﬁégﬁgﬁﬂ% cgggf3ﬂqpfﬁgﬂbgp§ﬁbqugﬁw?ﬂgﬁIggﬁﬁﬁﬁicate with the

at nosphere. Lip seals 30.are prqvided.,on the otqr .shafts 5 and 6 for
partitioning be S {PRSILARE i%¥W§nﬁdtﬂgeE&gg:?B g H{ﬁgerﬁf F”E@@%ng (a
conpressing space) in which the rotqrﬁlz and_3 ﬁre, acconnodat ed. Ti m ng
gears 31 3RATrBIE fasingxdd w@@darthendlish arge e ebeardng, coasingd Zh ¥ed Bf t he
femal e rotor 3, respectively, so as to mesh with each other. An air suction
port 33 amdnunuaicatiis Widhgeaglorathsy thueuighr e dommunicationt dimec 29 agda. A
chanmber 40 is provided in the exterior of the screw conpressor 1 separately
from the ductharrcommenbesdeiwigh theiatpodghered tlhp stiadc B nge psovdded on the

rotor shafts 5 and 6 for partitioning between the interior and the exterior of
the rotor casing (a compressing space) in which the rotors 2 and 3 are
accommodated. Timing 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 line 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
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bearing casing 21. Ol is poured into the chanber 40 as will be described

| ater. A space positioned above an oil level 41 in the chanber 40 is in
comuni cation through the comrunication line 29 with the spaces positioned
above the oil levels 27 and 28 in the conpressor bearing casings 21 and 22.

The communication line 29 is also in communication with the atnosphere. The
space in the chanber 40 may be opened to the atnosphere wthout

comuni cation with the conmunication line 29. An oil level sensor (oil

| evel detecting nmeans) 42 is provided in the chanber 40. The bottons (oil

sunps) 25 gdh@forf oft the iiphb&N46 hee ik @M unitationowithZeahdoth2® through
di scharge-side bearing casing 21 in the screw conpressor 1 and 8 the bottom

of the Chiagﬁ%n 1fe a5e %gmgmb% 1P Bh ¥k ArifdcasRiNel ih ReipeEhedfinpid |ine

43. The o sunp 25 1n earing casing 21 i'n which the timng gears 31
a0 52 o ocBEOSTIN 89 ARBRRIAInEn I 0BG SRS e Aghopt T
0 o, Bl R S A S B B e O SRR e
e ek P b 5 e
Fig. 2) of the _ bearing 17. Al though the oil line 43 al so_serves as_an oil
suppl y |in&4 and b7 ps shapm in Fisi&- 4 Acopding o an esperential kpopdedse, this be
connected to the bearing casings 21 and 22. An oil tenperature sensor 44
capabl e of oilideedtlomgrilhmit G.enpleatriy eildievehds sishallynesrtataipesition whpttovi ded
in the oil line 43. An oil discharge Iine 45 branches fromthe oil line 43
and an 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 oil 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
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openi ng/ cl osi ng val ve 46 for the discharge of oil

di schar ge

| ubrication type screw conpressor

I's provided in the oil

line 45. QI is fed froman oil tank 50 for storing oil, to the
chanber 40 through an oil punp 51 and an oil cooler 52. In the water

1 there is provided a control unit 60

whi ch controls the oil punp 51 and the opening/closing valve 46 for the
of oil in accordance with detection signals provided from the oi

di schar ge

| evel sensor 42 and the tenperature sensor 44. In the screw conpressor
structured as above, upon turning ON of the notor 10, the male rotor

rotates Vigorthss i9fc0ths hatdr &asm@dcémm@@ingr@acé)emﬁt}e thet@itods Rodrd & Vi a

the timng gears 31 and 32. Wth rotation o
3, the ai radbifiRodaedi8eReinis kthyiressed Qﬁdmaqged Pradfthe AdsdhidrRe

2

1

the male and female rotors 2,
gt rot or

casing (conpressing space) with the rotors 2 and 3 acconmmodat ed tEerei nis
gnd di scharged fromthe discharge port 34. Since the bottom of
the chanber 40 and the bottons (oil sunps) 25, 26 of the suction-side

conpresse

bearing casing
comuni cat i on Wi

in the ch
are subje

pCE b Gl RPE IR e B e BBEOR RGP 2Pever 4

0 and the il, 1 evels 27 in,the bearin si,ngs. 21, 22
ot e pocutnsidh heating eRvRE R A i A

oil levels 27, 28 and 41 are at the sane corda eW|th Pascal '
princi pl e. ca&ewallwyre IRGRBVBANIGATIN, §1 @ach thmagﬁtgl %ﬁﬁ@ﬁs@\ﬂ?&e the
oil sunp 25 in_the discharge-side bearing casin

the oil level 41 in the chamber 40 and the oil ?evels 27, 28 in the beanng
casings 21, 22 are subjected to the same pressure through the
communication line 29, the oil levels 27, 28 and 41 are at the same height in
accordance with Pascal’s principle. Actually, however, it has been known
that in the case where the oil sump 25 in the discharge-side bearing casing
21 and the o1l line 43 are connected with each other at the bottom, there
occurs a discrepancy in height among the oil levels 27, 28 and 41, if the oil is
agitated with the timing gears 31 and 32.

According to an experimental result obtained in a proof test (using a
screw compressor 1 according to the present invention not provided with the
oil line 43) conducted by the present inventors, under the operating
conditions of 5000 rpm, 70°C, or 1000 rpm, 4°C, the pressure near the bottom
of the discharge-side bearing casing 21, especially the pressure near the
bottom and on the side more distant from the screw rotors 2 and 3 in the
discharge-side bearing casing 21, was found to be a negative pressure of
about -150 mmAq in comparison with the atmospheric pressure.

Judging from this experimental result, oil moves from the chamber
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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21 and the oil line 43 are connected with each other at the bottom there
occurs a discrepancy in height anong the oil levels 27, 28 and 41, if the
oil is agitated with the timng gears 31 and 32. According to an
experinmental result obtained in a proof test (using a screw conpressor 1
according to the present invention not provided with the oil line 43)
conducted by the present inventors, under the operating conditions of 5000
rpm 70C, or 1000 rpm 4C, the pressure near the bottom of the

di scharge-si de bearing casing 21, especially the pressure near the bottom

and on thengidgt FRECathsdHYrid Eﬁ@%aﬁﬁ@ affethd Qi@hsty2 oftle3bbito®f the
di scharge-si de bearing casing 21, was found to be a negative pressure of

about -15Q3; ik i 1 i j from
N o Y gﬁgflhgi%@smgt 1 1%@3@(}% irarg%@i@ﬁ gws%uré,umhn&e

this experinment res ( noves f _ _ toward the _
due to o proul HERG MTAnRottt BERYEh HRE Hhent 0P BLIeENY) SRRSO
e 2o RIS PATSS BA SS B RSHASRR e copns
N the  chbhbelhaglibeeirar oheidll JPIOMGIBE oF eNelne! dPSchafoal Y
bearing casing _ 21. The differences in height anong the ojl |evels 27, 28
and 41 vardepeadies enriargmseanditions dadi t thenwisesity of pthang thesumbeasrofoi | and
the nunber of revolutions of the timng gears 31 and 32). On the other
hand, in tiesohrtumfs efctdhie thomg gears &yanﬂﬁﬂgr esent inventors, it was
confirmed that if the position of connection between the oi
On the other hand, in the proof test conducted by the present

inventors, it was confirmed that if the position of connection between the oil

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 oil 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 oil 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 influence 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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sunp 25.in the bearing casing 21 with the timng gears 31 and 32

accommodated therein and the oil line 43 was nade equal to the hei ght of
the trip oil level 48, there occurred little difference between the hei ght
of the oil level 41 in the chanber 40 and that of the oil level 27 in the
di scharge-side bearing casing 21 in a state in which the oil levels 27, 28

and 41 approached the trip oil level 48. This is presuned to be for the
foll owi ng reason. The oil sunp 25 in the bearing casing 21 is agitated with
rotation of the timng gears 31 and 32, resulting in generation of a

negative RhR4ItSon ofFCOBEAURA! loythel thRY) 6il 96El! thBIMAMRR the infPhéndd Shiehe
chanber 40 to the discharge-side bearing casing 21 through the line 43, so

t hat ther S | S.f n [ i.gh e the &l ol b the
nﬂa?][ hﬁﬁﬁﬁ'lt o oV 1Y, thid
chanber 48“%%3&% glsghfel %\&/@l Ctgls :gn eg EPEC ar ge- si de&%earl ngé Cgbl-l ng 21.
However, the,closer ,t .posi tion,of connectjonyto t f .the
di schar ge-déF‘E}’eal‘ﬁSa?ﬁi%g%éE&%nc Se 2 ?t%'éfg?ﬁ%e[ {fe}Fe h’?g Sﬂ%ﬁlﬁgghé gﬁn%?leféﬁe} ?ifegat Ive
pressure an thg | arger the anmount of oil noving to the discharge-side
beari ng cégikﬁe 1 and hence the nore significant the difference in the
hei ght of oil |eyel. Conversely, the closer 11 the position of connection
to the trip oil Higvél shawe gnges dFam; {19 abHOEPBerie HresHEgatt varluéssur e
and the smaller the anmount of oil aninP to the discharge-side bearing
casi ng 21 posthionmbeeights)|faem theghottponaf thedisehiagge-side bearingespsing Rilg. 2
shows differences fromthe atnospheric pressure at various positions
(hei ght s) durimg tdperbtibhonf dhet beredi somgprgesai délteahiffarpmcas batwédn ther i ng
operation of the screw conpressor. The difference between the
pressure at the height of the trip oil level 48 and the atmospheric pressure is
Ap. However, the value of Ap is a very small value and the 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 is of a substantially
ignorable degree.
As noted above, if the oil sump 25 in the bearing casing 21 in which
the timing gears 31 and 32 are accommodated and the oil line 43 are
connected with each other at the height of the trip oil level 48, it is possible to
check positively whether the oil level 27 has reached the height of the trip oil
level 48 while avoiding the occurrence of a difference in height between the
oil levels 27 and 41. By maintaining the height of the oil level 27 in the
discharge-side bearing casing 21 so as not to become lower than the trip oil
level 48, the bearings 14, 15, 17 and 18 can be prevented from undergoing oil
shortage.
Next, a description will be given about the supply and discharge of oil
which are controlled by the control unit 60. When the oil level sensor 42 in
the chamber 40 detects that the oil level 41 has become lower than a preset
first value “height LI” of lower hmit, the oil pump 51 is activated by the
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pressure at the height of the trip oil level 48 and the atnospheric pressure
Is Ap. However, the value of Ap is a very small value and the difference
bet ween the height of the oil level 41 in the chanber 40 and that of the oi

| evel 27 in the discharge-side bearing casing 21 is of a substantially

| gnor abl e degree. As noted above, if the oil sunp 25 in the bearing casing

21 in which the timng gears 31 and 32 are accommpbdated and the oil line 43
are connected with each other at the height of the trip oil level 48, it is
possible to check positively whether the oil |evel 27 has reached the

hei ght of t r l.e | C f

di fference® ﬁog lh%h%dba \fxileé‘éoﬁd?(ﬁ% k gé{/g}‘g %%irhﬂgr ?i‘? w’é{/&%?ﬁ?él raitihr?g t he
hei ght of he oi | l.evel h as. 1.s0 as
not 1o becb&fré%ﬁ%ﬁmgﬁa%% gigon ﬁﬂrarlsﬁ {hE,  chafet, o8 o8 k1801 7°
18 can be nted from undergoing oil _shortage, Next, a.description wll
be given DeR 1ehee @ aplpr;ﬁl@ﬁ%rrmrse@hangeea&prcﬂqﬁvamncPf the otloRrRR PLATHy t he
control unit 60. Wien the oil level sensor 42 in_the cb,a(glber 40 det ects
that the ovhen ghepildevelssl reachas amareet thiedvalys ‘dwight M7 bighe thanthei ght
LL" of lower limt, the oil punp 51 is activated by the 12 control unit 60
and cool edimst |valegef @aight 11 ahdnlosrer4thqmrd shenmk viadue hheighgaH ntp basi ngs
21 and 22) through the oil cooler 52 fromthe oil tank 50. Upon |apse of a
pr edet er mdwdribeddatdr) etheaoil iptahp dl of turdnedoOFFpuys e oil levkles] tihethei |

| evel 41 reaches a preset third value "height M (higher than the first
val ue " heidhimBbdr 4B R0rdi VB the AN e e B2 PRAVEY 1Pthd 161l 3RimpE 25 Anlde26 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 il level 41 in 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 opeming/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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descri bed

| evel 41

t hus dama
| evel s in
"hei ght L

|l ater), the oil punp 51 is turned OFF. As the oil level 41 in the
chanber 40 is raised, the oil levels 27 and 28 in the oil sunps 25 and 26
also rise interlockedly to the sane height as the oil level 41 in
accordance with Pascal's principle. As a result of the rise of the o
in the chanber 40, oil is fed to the bearing casings 21 and 22 and
ge of the bearings 14, 15, 17 and 18 caused by lowering of the oil
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ge thé beheingeeasings 214and 82. 1 nand 18.

can

be pr eventth‘ds) doymtebti'onstﬂhmbunmwlel&rzidmtedb@vcstrlﬂc%uﬁyewhieﬁemhewhém hevel 41

is not hi

gher than the preset second value "height H' indicative of

an

upper | i mpredéferidinéd tih&hak el fnsedt 4feert ﬂbéxﬂngaﬂf H!Be op BeingéloMnganlve g, oi |

tenperatu

re To is higher than a preset upper-|
or when the oil level 41 has reached a preset “helght L” Qower 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 oil 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 oil to the bearing casings 21 and 22, there also accrues a merit that
the structure becomes simpler.

The above description is merely illustrative of the technical concept
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tenperature, the opening/closing valve 46 for the discharge of oil nmay be
opened and oil may be discharged fromthe bearing casings 21 and 22. In
this connection, there nmay be adopted a structure wherein when a
predeterm ned tine has el apsed after opening of the opening/closing valve

46, 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 tenperature To drops to a preset tenperature (a tenperature

| ower than the above upper-limt tenperature), the opening/closing valve 46

i s cl osed of ghe pBEdErAaH e 1i6n At Bdh@igcAfcofbépt sfoRel i@ sOeinvea tlodSisHpg 21 and
22. BEven wth this structure, is possible to elimnate the possibility

it
f d - i - 17 Mb&iske 4 | f il
?e 2?2?5 ;12514%&23’ ﬁ?ﬁ@d@??g&ﬁ?%l#?errt M&&ﬁ%ﬁp%ﬁ%%ﬁﬁclﬁng?es%a?ﬂé mhfe oi

owering of viscosity. Even'if the oil
t enper at ur, L i.gher L =l im u i i1 |evel
is | ower tvﬁglﬂ][ h@e %ﬁ%?egﬁf th%%eégﬁ%ﬁ{)e?{tﬁéﬂ'gi%%%%ggﬂggé’uﬁﬁenab%%%%%i red
anount of oil,.and, the,dis r.ge f oil i,s n erfornmed as descri bed above.
Si nce t he “¥EH{RS (Li!lh% %glﬁf’glg%ilnl?h eaﬁh@ﬁ‘%’?bghi PYHER s, thypuel It%ﬁest or ed
inthe oil tank 50 is fed to the chanber 40 with the oil pu 51 onbi nes
the structomanupicagiendime ﬁévﬂﬁ tbﬁsp@ewlgclzpvsﬁaesz qwhﬂ%@qgizﬁ @ﬁi%% 25
and 26 fornmed in the bearing casings 21 and 22 with the structure for the
suppl y of imithecompresspshreagneeasings 22 andhd2 2znd itvaeed aptalways hbespenneri t
that the structure becones sinpler. The above description is nerely
i |l ustr at te¢hefatmesphexshni cal concept 14 of the present invention, and
techni cal concept of the present invention is not

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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limted by the above enbodi nent. Modifications and changes nmay be nade
within the scope of the present invention. For exanple, the space which
overlies the oil level 41 in the chanber 40 comruni cates through the

comuni cation line 29 with the space which overlies the oil levels 27 and 28
I n the conpressor bearing casings 21 and 22, and it need not always be open
to the atnosphere. Further, the space which overlies the oil level 41 in the
chanber 40 conmuni cates through the comrunication line 29 with the space
which overlies the oil levels 27 and 28 in the conpressor bearing casings
21 and 22, whapgs éhidiBY ipe structured so as to permit the injection of inert
gas through the comunication line 29. 15 What is clainmed is: 1. A screw

conpr essor 1C°”p9Xi@rg%coﬁsﬁgéopéoxﬁﬁﬁﬁf&g?haf ts di sposed horizontally;

bearings for supporting said rotor™s s; a bearing casing for

acconmodat i ng sai d .bearings; an pil s for Iln a bottom of said bearing
casing, said oi P%"Hﬁﬁ r%@?ﬁ&@r‘ﬁé?‘tﬁﬁﬁg‘?%z%@aﬁ “allow a | ower portion of
said bearings to be sogked into oi I.dfor I Lﬁ)qri_itqat i on; a chanber provided
separat el y fromP8aP#8Eday PIRP UHNERAIALLY $048%e for communi cation bet ween

said oil sunp and said chanber; and oil |evel _detecting neans di sposed in
sai d chanber. 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 o1l sump and said
chamber; and

oil level detecting means disposed in said chamber.

2. The screw compressor according to claim 1, further comprising a
communication line for communication between a space positioned above an
o1l level in said chamber and a space positioned above an oil level in said
bearing casing.

3. The screw compressor according to claim 1, 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.

4, The screw compressor according to claim 1, further comprising an oil
supply line for the supply of oil to said bearing casing, wherein when said oil

16



2. The screw conpressor according to claim1, further conprising a

comuni cation line for communi cati on between a space positioned above an

oil level in said chanber and a space positioned above an oil level in said
beari ng casing. 3. The screw conpressor according to claim1l, wherein a pair
of timng gears are nmounted on one ends of said rotor shafts and
accommodated within said bearing casing, said timng gears nmeshing with
each other, and the position of connection between said oil sunp forned in
said bearing casing wth said timng gears accommbdat ed therein and said

oil line gorre t I - | i.m | f_.pi el . qf . oLl sunp
permtti nge\[eabch%géﬁﬁ%dﬂ%ﬁaﬁ%g&g&%%ggﬂ 5@2& %I.Ptt}llgeoﬁgévggvﬁog%ggégﬁﬁ%c%or di ng
to claim1l, further conpri sSi an ol .s Ly lpne for.the s of oil to
sai d bear i"ﬁB“bLﬁ’é’Y‘??g‘ih% P@?W%ﬁvéjdw‘edlrﬁﬁﬁgt%%o* @38}"8&&%‘&‘?%@ %a%odet ects
as a value of the oil |evel in said hanbg .a value lower than a preset
first val said bepangicosing thyopghsmd pilisappdy ines fed into said beari ng
casing through said oil supply line. 5. The screw conpressor according to

claim 1, f&rtheThesepewsiompressai accondinghtergeimi hdurtherimprisivgameilof oi |

fromsaid bearing casing, wherein when said oil |evel detecting nmeans
det ect s adischaagebineffor blee dischhegedf dihfoa daidcheariieg casing] whehéighwehen han a
preset second val ue indicative of an upper |Ilimt, oil is discharged from

sai d bear isaffl eisiev@] tdutectithe sabanoidetditschargealué €. the. oillHevek igviaid
conpressor according to claim1, further conprising:

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.
6. The screw compressor according to claim 1, further comprising:
an oil 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 lJower 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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an oil supply line for the supply of oil to said bearing casing; an oi
di scharge line for the discharge of oil from said bearing casing; and oi

tenperature detecting nmeans disposed in said oil line, wherein: when said
oil level detecting nmeans detects as a value of the oil level 1in said
chanber a value | ower than a preset first value indicative of a |ower

limt, oil is fed into said bearing casing through said oil supply line,
whil e when said oil |evel detecting neans detects as a val ue of the oil

| evel in said chanber a value higher than a preset second val ue indicative

of an UPRGkahk p}'eiectgifagrdt ﬁg@%&ﬁnﬁa%@téygﬁﬁaw ah%ﬁbmgﬁéﬁtw agfrggw sai d

oil discharge |ine, when sal I evel detecling nean etects as

2L, e, e b, cshbabo, STl S AR MBS RIEREL |

val ue lying ween sald i rst v 0 nd en said
oi | tenper tége dﬁé§cting 17 nmeans detects as a value of the oi

t enper at ur@3QPYECIE Hi gher than a preset value, the oil is discharged from
sai d bearing casing through said oil discharge line. 18
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