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is distributed in integrated channels
formed in the compressor components
and where the longitudinal oil channels
are formed in the compressor housing
(4) along the screw rotors (8,10), and
where oil channels mostly parallel to the
rotational axes of the screw rotors can
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SCREW COMPRESSOR WITH INTEGRAL OIL CHANNELS

Field of the Invention

The present invention relates to a screw compressor for gaseous refrigerants primarily,
comprising a compressor housing, which housing comprises a male and a female
screw rotor arranged in screw rotor bores in the compressor housing, which male and
female rotors are co-rotatingly driveable and interact to compress the refrigerant,
which compressor comprises at least one oil inlet, from which oil inlet oil is distrib-

uted to lubricate mechanical parts in conjunction with the compressor.

The present invention further relates to a method for lubricating a screw compressor,
which screw compressor is used for gaseous refrigerants primarily, and which screw
compressor comprises a compressor housing, which housing comprises male and fe-
male rotors which are co-rotatingly drivable and interact to compress the refrigerant,

where pressurized oil is supplied to an oil inlet, from which oil inlet oil is distributed

 to lubricate mechanical parts in conjunction with the compressor.

Background of the Invention

US 6,409,490 describes a screw compressor, which screw compressor comprises guide
bushings mounted within bores for the bearings to support the compressor rotor shafts.
First bushings are provided at an inlet casing of the compressor and provide guidance
for a slide stop, and second bushings are provided in an outlet casing of the compres-
sor to provide guidance for a slide valve. The bushings are also mounted to the inlet

and outlet casings to provide centring of two sections of the compressor rotor housing.

An unpublished Danish patent application PA 2005 01757 relates to a screw compres-
sor and a method for loperating the compressor for gaseous refrigerants primarily,
which screw compressor comprises a compressor housing having a male and a female

screw rotor arranged in screw rotor bores, where the male and female rotor are co-

rotatingly drivable and interact to compress the refrigerant, and where the screw com-

pressor comprises at least one slider, which slider is movable in relation to the male
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and the female rotor, and where movement of the slider controls the internal volume

ratio of the screw compressor.

Object of the Invention
It is the object of the invention to secure oil distribution to moving parts in a screw

compressor.

It is a further object of the invention to avoid pipework for distributing oil in relation

to a screw compressor.

Description of the Invention

This object can be achieved with a compressor as described in the preamble of claim
one where the compressor is modified such that the compressor housing is connected
to a bearing housing, where rotor endplates comprise cutouts for discharge ports,
which endplates are placed between the screw rotors and the bearing housing, where
oil at least at a first high pressure is distributed in integrated channels formed in the
compressor components and where the longitudinal oil channels are formed in the
compressor housing along the screw rotors, and where oil channels mostly parallel to
the rotational axes of the screw rotors can be formed at least in the bearing housing

and in the rotor endplates.

This way all oil distribution in conjunction with the screw compressor can take place
in integrated channels inside some of the compressor components. In the screw com-
pressor there is no need for an oil outlet because the oil is contained in the discharge
gas leaving the compressor. By using integrated oil channels, oil piping around the
compressor, through which oil is supplied to different components, is avoided. The
piping outside the compressor is vulnerable, expensive and complicated in construc-
tion particularly when using variable speed control, in which case it is difficult to
avoid resonance throughout the entire speed range. During manufacture of the com-
pressor there is always the risk that one or more pipes are connected wrongly, or that
they are damaged during transport. By integrating the oil channels into different com-

ponents these channels are perfectly and inherently produced, as the components can
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be mass-produced according to computer methods. Many of the oil channels can be
formed internally in the rotor endplate, which endplates can comprise perimetrical
channels to form a great part of the oil distribution system. This way most of the me-
chanical tooling has to take place inside the endplate. Only a small number of channels
have to be formed in the compressor housing and in the bearing housing. However,
especially in an area between the bearing housing and the endplates some channels can

be formed to distribute oil to the front end of the compressor.

It is preferred that longitudinal oil channels can be formed in the compressor housing
along the screw rotors, where oil channels mostly being perpendicular to the rotational
axes of the screw rotors can be formed at least in the bearing housing and in the rotor
endplates. Hereby is achieved that longitudinal oil channels are formed in longitudinal
components such as the compressor housing. However, évery cross-over channel,
which is mostly perpendicular to the longitudinal channel, is as such formed in the
rotor endplates mostly as circular channels or as channels in the bearing housing. This

results in perfect oil distribution, which is integrated in the compressor components.

Preferably, the bearing housing comprises a first integrated oil channel leading to-
wards a shaft seal, from which shaft seal oil returns through a second channel inte-
grated in the bearing housing, which second channel is connected to a first channel in
a first endplate, which first endplate comprises an integrated pressure reduction valve
for generating oil supply at a second pressure slightly below the discharge pressure of
the compressor. Hereby is achieved that oil at high pressure is led towards the shaft
seal. This allows the shaft seal to be operated at an oil pressure nearly as high as the
gas pressure. The shaft seal has to prevent refrigerant leaving the compressor along the
shaft. The oil that leaves the shaft seal flows towards an area, where the pressure is
slightly lower, and which lower pressure is regulated by a pressure reduction valve,
and where the pressure reduction valve ensures that the oil pressure difference across
the shaft seal is controlled and always relative to the discharge pressure of the com-

pressor.

The outlet from the integrated pressure reduction valve can be formed as a second cha-

nnel in the first endplate, which second channel can be connected to a first channel in
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the compressor housing, from which first channel oil is injected intb the rotor housing
for rotor lubrication, compression sealing and heat dissipation. Hereby is achieved
that most of the oil can be sent to an inlet into the compressor housing for lubricating
the rotors in relation to each other and in relation to the rotor housing. The oil injected
into the compressor housing will be contained in the refrigerant probably as an oil
mist, where the oil is transported along the screw rotors and furthermore the oil is con-

tained in the refrigerant flowing through the discharge port.

A first pressure chamber can be formed between a rotating balance piston and the
compressor housing at the suction end of the male screw rotor. The balance piston is
placed at the end and around the suction end of the male screw rotor shaft, where the
first pressure chamber is connected through a third longitudinal oil channel in the
compressor housing and further through a fourth oil channel formed in one of the end-
plates towards the oil pressure supply, where the oil pressure in the first pressure
chamber forces the balance piston and the male rotor towards the pressure end of the
male screw rotor. Hereby is achieved that the oil pressure forces the male rotor to-
wards the discharge end. Hence, it is possible to compensate for forces acting in the

opposite direction.

The pressure is dependent on the compressor discharge pressure, as the oil pressure is
controlled by the compressor discharge pressure. This way the thrust force on the male

rotor is automatically reduced.

From the first pressure chamber an oil film can be generated, which oil film flows
along the end and around the balance piston to lubricate the male rotor bearings at the
suction end of the rotors from where an oil film flows towards the bearing supporting
the suction end of the female rotor. Hereby is achieved that the oil leaving the pressure
chamber at the end of the male rotor flows further towards the bearings to lubricate the

bearings at the suction end of both the male and the female rotors.

Oil of the second pressure can be connected to a magnetic valve through channels in
the compressor housing, from where oil flows into a second pressure chamber formed

behind a slider to force the slider forwards, which slider co-operates with the screw
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rotors and the discharge opening in the rotor endplates. Hence, it can be achieved that
the oil distribution system also can be used as a hydraulic supply to operate a hydraulic
slider. This slider operates against the discharge pressure of the compressor, and when
the oil pressure, which operates against this pressure is automatically adjusted in rela-
tion to the discharge pressure, there will be achieved an efficient control of the slider
simply because closing of the magnetic valve can lead to a reduction of the pressure
such that the slider moves backwards and opening of the magnetic valve increases the
pressure and the slider will be moved forward. It is also possible to turn the magnetic
valve on and off i.e. by pulse width modulation to achieve slider adjustment into dif-

ferent positions.

The second pressure chamber can be connected through a bleed valve towards low
pressure in the housing. Thus, it can be achieved that the pressure is reduced automati-
cally as soon as the magnetic valve closes. This allows control of the magnetic valve

for controlling the pressure in the chamber behind the slider at pressure levels depend-

_ing on the outlet pressure and depending more or less on the compressor suction pres-

sure.

The invention also concerns a method for lubricating a screw compressor as described
in the preamble of claim 10, which method is modified such that oil is distributed in
integrated channels formed at least in the compressor housing in a bearing housing and
in rotor endplates. Thus, the lubrication system of a screw compressor can be achieved
without pipe work as all channels are integrated in the different compressor compo-

nents.

Detailed Description of the Invention

Fig. 1 shows a sectional view of a screw compressor 2 comprising a compressor hous-
ing 4, which compressor housing 4 comprises rotor borings 6 for screw rotors 8 and
10. An oil inlet is indicated by‘12~ in a bearing housing 14. Between the bearing hous-
ing 14 and the compressor housing 4 rotor endplates 16 and 18 are placed. The male
rotor 8 has a driving shaft 24, which driving shaft 24 co-operates with a shaft sealing
26 placed in the bearing housing 14. The bearing housing 14 further comprises a roller
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bearing 28 and a ball bearing 30. The female rotor 10 has a shaft 32, which shaft 32
co-operates with the bearing housing 14 through a ball bearing 34 and a roller bearing
36. At the suction end of the male rotor the male rotor has a shaft 40, which shaft 40 is
supported by a roller bearing 42. The female rotor 10 also has a shaft 44 at the suction
side. The shaft 44 is supported through a roller bearing 46. The shaft 40 of the male
rotor 8 co-operates with a balance piston 48 between which balance piston 48 and the
housing a pressure chamber 50 is formed. Between the male rotor 8 and end plate 18 a
labyrinth seal 52 is formed. Furthermore, a labyrinth seal is formed at the end plate 16
towards the female rotor 10, and at the suction end of the female rotor 10 labyrinth
seal 56 is formed. Between the male rotor suction ends a labyrinth seal 60 is formed.

The balance piston 48 also comprises a labyrinth seal 62 in the direction towards the

-housing.

During operation oil is supplied to several different positions in the screw compressor.
Oil is supplied to the shaft seal 26 and 27 at relatively high pressure assuring that the
oil is forced into the bearing to make the shaft seal tight to prevent refrigerant from
entering. Furthermore, oil is supplied to all the mentioned bearings 28, 30, 42 and 46.
These bearing are supplied with oil through labyrinth sealings 52, 54, 56 and 60. This

assures that only a relatively small amount of oil flows through the bearings.

Fig. 2 shows a possible embodiment of a rotor bearing housing 100, which could be
the bearing housing 14 in fig. 1. The bearing housing 100 has an opening 102 for the
drive shaft 24 and for the shaft seal 26 the bearings 28 and 30 all seen in fig. 1. The
bearing housing comprises a recess 104 for support of the shaft 32 and the bearings 34
and 36 from fig. 1. The housing 100 further comprises a first oil channel 106 con-
nected to an oil inlet 105, which oil channel 106 leads oil towards the shaft seal 26
seen in fig. 1. A second oil channel 108 leads oil back from the shaft seal 26 in fig. 1
towards a pressure reduction valve, which is placed in the opening 110. From the pres-
sure valve opening another oil channel 112 leads into another channel 114 from where
oil is led into channels in the female rotor endplate 16 in fig. 1. The bearing housing

100 further comprises a recess 116 and 118 for the rotor endplate 16 and 18 in fig. 1.
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Fig. 3 shows a sectional view of part of a compressor housing 202, which comprises a
rotor boring 204. The compressor housing comprises a planar front 210, which planar
front comprises an opening 216 into the rotor boring 204. Around the opening 216 is a
recess 212 for support of the rotor endplate 16 shown in fig 1. Furthermore, fig. 3
shows an oil channel 206 leading to an oil inlet 208 injecting oil into the rotor mesh.
An oil channel 230 is formed in the housing for leading oil towards the bearings at the

suction side of the screw compressor.

Fig. 4 shows the compressor housing 202 seen from the discharge end showing the oil
channel 206 in the end face 210. The end face comprises openings 216 and 218 for the
screw rotors 8, 10 in fig. 1. A recess 212 and 214 is indicated around the openings 216

and 218 for supporting the rotor endplates 16 and 18 in fig 1.

Fig. 5 shows a sectional view of a female endplate 302, which female endplate is
known as number 16 in fig. 1. At the side of the female end plate is seen a cutout 304,

which cutout 304 is connected to the channel 206 indicated in fig. 4. The female end

» plate 302 has a discharge cutout 306. The female endplate 302 has a planar side 307 in

which planar side 307 a channel 316 is indicated. Furthermore, an inlet 312 for oil is
indicated. The oil inlet is connected to an opening 314 intended for a pressure reduc-
tion valve. The outlet from the pressure reduction valve is connected to a channel 316.
A central rotor shaft opening 308 comprises a circular oil channel 310, which circular

channel 310 is connected to a very small opening in the oil channe] 318.

Fig. 6 shows a male rotor endplate 330, which is indicated as number 18 in fig. 1. An
oil channel 332 is indicated, which oil channel communicates with the oil supply in
the compressor housing. Another opening is indicated as 334, which opens towards an
internal channel known as channel 338 in fig. 7. The male rotor endplate furthermore

has a discharge opening 336 and a central opening 338 for a rotor shaft.

Fig. 7 shows a sectional view of fig.6. The sectional view is seen from lines B-B and
thus shows channel 338, which has a very small opening 340 for supplying the inner
bearing with oil. The oil channel 338 continues, and oil can leave the endplate through

an opening 342.
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Fig. 8 shows a sectional view of a compressor housing 400, which is identical to the
compressor housing 4 seen from fig. 1. The compressor housing 400 has a boring 402
for the screw rotors, which are not shown in fig. 8. A slider boring 404 with an angle
towards the compressor housing 400 is shown. The slider boring 404 ends in an open-
ing 406, which opening has to co-operate with the end of a slider. An opening 408 is
seen in the side of the housing, which opening 408 is for a magnetic valve, which
valve is connected to line 410 towards an oil pressure source. The opening 406 is con-
nected through an oil line 412 towards an opening 414 in the compressor housing,
where oil is led towards the screw rotors where the pressure is relatively low. Another
channel 416 for return oil is connected at 422 to return oil from the rotor bearings

placed at the suction end of the compressor face.

Fig. 9 shows a compressor housing 400 seen from the suction side of the rotors. A
slider housing 404 comprises a slider opening 406. At the end face is indicated the
opening 420, and the opening 426 of another oil channel 430 is leading oil towards the

rotor bearings at the suction side.

Fig. 10 shows a principal diagram of the entire oil supply system used in a screw com-
pressor system. An oil separator 502 receives refrigerant and oil coming from the
compressor system, where oil flows into an oil reservoir 504 from where the oil is sent
to an oil cooler 506 before being sent to an oil filter 508. Filtrated oil is distributed
through channel 510 leading from the oil filter 508 where channel 510 is connected to
a volume at the end of a balancing piston 514, which balancing piston 514 acts against
pressure forces acting on the male rotor. By using the balancing piston 514 these act-
ing forces are partly reduced. Oil leaves the volume at the end of the balancing piston
through a labyrinth tightening 515 from where oil flows through a line 516 towards
restriction means 518 towards a labyrinth tightening 520 and towards bearings 522.
Oil leaving these bearings 522 is led towards the compressor housing to lubricate the
rotors. From the filter 508 there is another line 512 leading towards a shaft seal 530
comprising flow restrictions 532. Oil flows from the shaft seal towards a lip seal 538

to which line 538 is connected towards a pressure regulation valve 539. The oil from
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line 538 furthermore flows towards restriction means 540, which lead towards another

]abyrinth seal 544 and towards the bearings 542.
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CLAIMS

1. A screw compressor (2) primarily for gaseous refrigerants, which screw compressor
comprises a compressor housing (4), which comprises a male (8) and a female screw
rotor (10) arranged in screw rotor bores (6) in the compressor housing (4), which male
(8) and female rotor (10) are co-rotatingly driveable and interact to compress the re-
frigerant, which compressor comprises at least one oil inlet (12), from which oil inlet
(12) oil is distributed to lubricate mechanical parts in conjunction with the compressor
where the compressor housing is connected to a bearing housing (14), where rotor
endplates (16,18) comprise cutouts for discharge ports (20,22), which endplates
(16,18) are placed between the screw rotors(8,10) and the bearing housing (14), char-
acterized in that oil at least at a first high pressure is distributed in integrated channels
formed in the compressor components, where longitudinal oil channels are formed in
the compressor housing (4) along the screw rotors (8,10), where oil channels that are
mostly not parallel to the rotational axes of the screw rotors (8,10) are formed at least

in the bearing housing and in the endplates (16,18).

2. Screw compressor according to claim 1 characterized in that the bearing housing
(14,100) comprises a first integrated oil channel (106) towards a shaft seal (26), from
which shaft seal (26) oil returns through a second channel (108) integrated in the bear-
ing housing (14,100), which second channel (108) comprises oil at a pressure level
defined by an integrated pressure reduction valve (110) upstream connected to the first

channel (106) for prioritizing the shaft seal lubrication.

3. Screw compressor according to claim lor 2, characterized in that the outlet (112)
from the integrated pressure reduction valve (110) is formed as a second channel (114)
in the bearing housing (14) covered by the first endplate (16), which second channel
(114) is connected to a first channel (206) in the compressor housing, from which first
channel (206) oil is injected into the rotor housing (2,202)for rotor lubrication, com-

pression sealing and heat dissipation.

4. Screw compressor according to one of claims 1-3, characterized in that a first

pressure chamber (50) is formed between an balance piston (48) and the compressor
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housing (4) at the suction end of the male screw rotor (8), which balance piston (48) is
placed at the end and around the suction end of the male screw rotor axis (40), where
the first pressure chamber (50) is comnected through a third longitudinal oil channel
(228, 230, 426) in the compressor housing (4,202,400) and further through afourth oil
channel formed in one of the rotor endplates (16,18) towards the oil pressure supply
(106), where the oil pressure in the first pressure chamber (50) forces the balance pis-

ton (48) and the male rotor (8) towards the pressure end of the male screw rotor (8).

5. Screw compressor according to claim 4, characterized in that from the first pres-
sure chamber (50) the clearance between the balance piston (48) and the boring in
compressor housing generates a limited oil flow to lubricate the male rotor bearings
(42) at the suction end (40) of the male rotor (8) from where the oil flows towards the

bearing (46) supﬁorting the suction end (44) of the female rotor (10).

6. Screw compressor according to claim 1-3, characterized in that oil from the oil
supply (106) through channel (224) is distributed through channels (410) in the com-
pressor housing (4,202,400) connected to a magnetic valve (408) from where oil flows
into a second pressure chamber (406) formed behind a slide to force the slide for-
wards, which slide co-operates with the screw rotors (8,10) and the discharge open-

ing(306,336) in the rotor endplates (16,18, 302,330).

7. Screw compressor according to claim 6, charﬁcterized in that the second pressure
chamber (406) is connected through a clearance to form a bleed towards a channel

(412) connected to a low pressure in the compressor housing (4,202,400).

3. Method for lubricating a screw compressor (2), which screw compressor primarily
is used for gaseous refrigerants, which screw compressor comprises a compressor
housing (4), comprising male (8) and female rotor (10) which are co-rotatingly drive-
able and interact to compress the refrigerant, where pressurized oil is supplied to an oil
inlet, from which oil inlet oil is distributed to lubricate mechanical parts in conjunc-
tion with the comﬁressor characterized in that oil is distributed in integrated channels

formed at least in the compressor housing, in a bearing housing and in rotor endplates.
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