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(54) LUBRICATED VACUUM PUMP

(67)  Described is a lubricated vacuum pump com-
prising a stator body (2) having a compartment (3) for
housing a rotor (4) positioned eccentrically inside the
compartment (3) to define a suction chamber (5) having
a supply duct (6) and one or more discharge ducts (7);
a suction valve (10), positioned along the supply duct (6),
configured for passing from an open position to a closed
position and vice versa, adjusting the passage of a gas-
eous fluid in the suction chamber (5); a chamber for con-
taining lubricating liquid (11), in fluid communication with
the one or more discharge ducts (7), which has a dividing
wall (12) which delimits a compartment (13) for contain-

FIG. 1

ing the lubricating liquid, into which lead the one or more
discharge ducts (7); a discharge valve (16), configured
to pass from an open position to a closed position and
vice versa, which adjusts the passage of a dispersion of
lubricating fluid in the gaseous fluid from a respective
discharge duct (7) to the compartment (13) for containing
the lubricating fluid; the pump (1) has at least one duct
(17) for connecting the chamber for containing lubricating
liquid (11) with the suction chamber (5); the connecting
duct (17) extends at least partly in the dividing wall (12)
of the chamber for containing lubricating liquid (11) and
leads inside the suction chamber (5).
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Description

[0001] This invention relates to a lubricated vacuum
pump.

[0002] More specifically, the lubricated vacuum pump

according to the invention addresses the technical field
of lubricated vacuum pumps of a rotary type, such as,
for example, pumps with blades. Considering a lubricated
vacuum pump with blades, it comprises a stator body
having a compartment for housing a rotor.

[0003] The rotor has a plurality of seats for housing
respective blades, which are slidable in the respective
housing seat, which, during the rotation of the rotor move
to a position furthest away from the centre of rotation of
the rotor, pressing against the walls of the housing com-
partment.

[0004] The rotor in the housing compartment is posi-
tioned in an eccentric fashion, thereby defining a suction
chamber in the form of a quarter of a circle, at the ends
of which are located the suction channel and the dis-
charge channel of the chamber.

[0005] Upstream of the suction channel there is a suc-
tion valve whose opening and closing is determined by
the pressure difference between the air volume upstream
of the channel and the suction chamber.

[0006] Inthe case of switching off or failure of the pump,
the closing of the suction valve is very important, since,
closing the suction channel maintains the degree of vac-
uum of the volume of air upstream of the same and pre-
vents the oil, drawn by the low pressure, from filling the
suction chamber.

[0007] In a lubricated pump, the discharge channel of
the suction chamber leads to a chamber for containing
lubricating oil.

[0008] Downstream of the discharge channel there is
a discharge valve, the opening and closing of which de-
termines the passage, from the suction chamber to the
containment chamber, of a dispersion of oil in air.
[0009] Patentdocument GB1556643 describes a vac-
uum pump with blades of the lubricated type in which use
is made of a discharge valve of the type with segments
which, during normal operation of the pump, is complete-
ly immersed by the oil which flows from the suction cham-
ber inside the containment chamber, through the dis-
charge duct.

[0010] Inthe case of switching off or failure of the pump,
the flow rate of oil entering the containment chamber de-
creases and the containment chamber empties of the oil
contained therein.

[0011] The level of oil in the containment chamber de-
creases until the orifice of the segment of the discharge
valve is in communication with the air which, through the
orifice, flows into the suction chamber.

[0012] In this way, the pressure of the suction chamber
is greater than the pressure upstream of the suction
valve, causing its closure.

[0013] An alternative embodiment for controlling the
closing of the suction valve is found in patent document
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US2013/0251578 which comprises making a plurality of
compensation channels, each of which is formed by re-
cesses covered by a respective segment of the closing
valve in such a way as to define a air inlet channel in
communication with the discharge duct.

[0014] Inthecase of switching off orfailure ofthe pump,
the air is sucked through the compensation channels in-
side the suction chamber, in such a way as to generate
a compensation of the pressure and to bring the suction
chamber to atmospheric pressure resulting in the closure
of the suction valve.

[0015] In this context, the need is felt of providing an
alternative solution in a lubricated vacuum pump for con-
trolling the closure of the suction valve in the case of
switching off or failure of the pump.

[0016] In this context, one aspect of this invention is
that of providing a lubricated vacuum pump comprising
a stator body having a compartment for housing a rotor
positioned eccentrically in the compartment to define a
suction chamber.

[0017] The pump has a duct for supplying a gaseous
fluid and one or more ducts for discharging a dispersion
of a lubricating fluid in the gaseous fluid.

[0018] A suction valve, positioned along the supply
duct is configured for passing from an open position to a
closed position and vice versa, adjusting the passage of
the gaseous fluid in the suction chamber.

[0019] The pump comprises a chamber for containing
lubricating liquid, in fluid communication with the one or
more discharging ducts, which has a dividing wall which
delimits a compartment for containing the lubricating lig-
uid, into which lead the one or more discharging ducts,
and a tank for collecting the excess lubricating liquid con-
tained in the containment compartment.

[0020] The compartment for containing the lubricating
fluid being in fluid communication with the suction cham-
ber by means of the one or more discharging ducts.
[0021] Atleastonedischarge valve, configured to pass
from an open position to a closed position and vice versa,
adjusts the passage of the dispersion of lubricating fluid
in the gaseous fluid from a respective discharging duct
to the compartment for containing the lubricating fluid.
[0022] The pump comprises at least one duct for con-
necting the chamber for containing the lubricating fluid
with the suction chamber. The connecting duct extends
at least partly in the dividing wall of the chamber for con-
taining the lubricating liquid and leads inside the suction
chamber. Further features and advantages of this inven-
tion are more apparentin the detailed description below,
with reference to a preferred, non-limiting, embodiment
of lubricated vacuum pump as illustrated in the accom-
panying drawings, in which:

- Figure 1 illustrates a schematic cross section view
of a lubricated vacuum pump according to the inven-
tion during a normal operating condition;

- Figure 2 illustrates the pump of Figure 1 during a
switched OFF or failed condition.
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[0023] The numeral 1 indicates a lubricated vacuum
pump according to the invention.

[0024] The pump 1 comprises a stator body 2 compris-
ing a compartment 3 for housing a rotor 4 positioned ec-
centrically inthe compartment 3 to define a suction cham-
ber 5.

[0025] The pump 1 has a supply duct 6 and one or
more discharge ducts 7.

[0026] The rotor 4, in the embodiment illustrated, has
a plurality of seats 8 for housing respective blades 9,
each slidable in the respective housing seat 8.

[0027] During the operation of the pump, the rotor 4
rotates about its axis of rotation 4a, and the blades 9
move to a position furthest away from the axis 4a of ro-
tation of the rotor 4, pressing against the walls of the
compartment 3 of the stator body 2.

[0028] The pump 1 comprises a suction valve 10 po-
sitioned along the supply duct 6.

[0029] The suction valve 10 is configured for passing
from an open position to a closed position and vice versa,
adjusting the passage of a gaseous fluid in the suction
chamber 5.

[0030] The gaseous fluid is a compressible fluid, such
as, for example, air or other gases.

[0031] During normal operation of the pump 1, the suc-
tion valve 10 is open to ensure flow of the gaseous fluid
into the suction chamber 5 of the pump 1. In the event
of a switching off or fault of the pump 1, the suction valve
10 passes from the open condition to the closed condition
of the supply duct 6.

[0032] The suction valve 10 may be a spring type plate
valve or a pneumatic or electric valve.

[0033] The pump 1 illustrated has a plurality of dis-
charge ducts 7, with reference to a direction of extension
ofthe pump parallel to the axis of rotation 4a of the rotor 4.
[0034] The pump 1 comprises a chamber for contain-
ing lubricating liquid 11, in fluid communication with the
one or more discharge ducts 7.

[0035] The chamber for containing lubricating liquid 11
has a dividing wall 12 which delimits a compartment 13
for containing the lubricating liquid, into which lead the
one or more discharging ducts 7, and a tank 14 for col-
lecting the excess lubricating liquid contained in the con-
tainment compartment 13.

[0036] The term lubricating liquid means a lubricating
substance, such as, for example, oil, of a mineral and/or
silicone and/or synthetic origin.

[0037] The chamber for containing lubricating liquid 11
has an air zone 15 defined by the volume of air above
the surface of the liquid lubricant contained therein.
[0038] The dividing wall 12 has a top surface 18.
[0039] The top surface 18 is a surface facing towards
the volume of air of the chamber for containing lubricating
liquid 11.

[0040] The dividing wall 12 has a first and a second
side surface 20 and 21 respectively delimiting the con-
tainment compartment 13 and the tank 14 for collecting
the excess lubricating fluid contained in the containment
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compartment 13.

[0041] The first side surface 20 of the dividing wall 12
defines one of the side walls of the containment compart-
ment 13.

[0042] The second side surface 21 of the dividing wall
12 defines one of the side walls of the collecting tank 14.
[0043] The top surface 18 is contiguous with the first
and second side surface 20 and 21 of the dividing wall 12.
[0044] The pump 1 comprises a discharge valve 16,
configured to pass from an open position to a closed po-
sition and vice versa, to adjust the passage of a disper-
sion of lubricating fluid in the gaseous fluid from a re-
spective discharge duct 7 to the compartment 13 for con-
taining the lubricating fluid. Each discharge duct 7 has a
respective inlet opening 7a, in fluid communication with
the suction chamber 5, and a respective outlet opening
7b, in fluid communication with the containment compart-
ment 13 of the lubricating fluid.

[0045] The discharge valve 16 is located facing the re-
spective outlet mouth 7b. According to the preferred var-
iant embodiment, the discharge valve 16 is a flexible
valve of a laminar type.

[0046] According to the invention, the pump 1 has at
least one duct 17 for connecting the chamber for con-
taining the lubricating fluid 11 with the suction chamber 5.
[0047] The connecting duct 17 extends at least partly
in the dividing wall 12 of the chamber for containing the
lubricating liquid 11 and leads inside the suction chamber
5.

[0048] The connecting duct 17 extends at least partly
in the dividing wall 12 of the chamber for containing the
lubricating fluid 11 and at least partly in the stator body
2 of the pump 1.

[0049] More specifically, the connecting duct 17 has a
first opening 17a in fluid communication with chamber
for containing lubricating liquid 11 and a second opening
17b in fluid communication with the suction chamber 5.
The first opening 17a is positioned at the top surface 18
of the dividing wall 12.

[0050] The second opening 17b is positioned inside
the suction chamber 5 in the vicinity of the discharge duct
7.

[0051] More specifically, defining as alpha "a" an angle
defined by a first joining of the centre of the rotor 4 with
the point of maximum vicinity of the stator body 2 with
the rotor 4 and a second joining of the centre of the rotor
4 with the second opening 17b of the discharge duct 7,
the value of the angle alpha is between 20° and 60°,
included. According to an embodiment, the pump 1 can
have a plurality of connecting conduits 17, with reference
to a direction of extension of the pump 1 parallel to the
axis of rotation 4a of the rotor 4, each having a respective
first opening 17a, positioned at the top surface 18 of the
dividing wall 12, and a respective second opening 17b,
leading inside the suction chamber 5.

[0052] Means 19 for adjusting the fluid flow rate are
positioned along the respective connecting duct 17.
[0053] The adjusting means 19 according to preferred
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variant embodiment are in the form of a nozzle.

[0054] Under normal operating conditions of the pump
1, by means of the rotation of the rotor 4, a dispersion of
lubricating fluid in the gaseous fluid is expelled from the
suction chamber 5 through the discharge duct 7.

[0055] The overpressure between the inlet opening 7a
of the discharge channels 7 and the containment com-
partment 13 of the lubricating fluid keeps the discharge
valve 16 open.

[0056] In this operating condition, the containment
compartment 13 fills completely with lubricating liquid
and the excess flows into the collection tank 14 thereby
defining a film of lubricating fluid on the top surface 18
of the dividing wall 12 of the containment compartment
13 and of the tank 14 for collecting the excess lubricating
liquid.

[0057] The discharge valve 16 operates in a bath of
lubricating liquid in the containment compartment 13.
[0058] Under normal operating conditions of the pump
1, the connecting duct 17 is filled with the lubricant which
derives from the inside of the suction chamber 5 and by
at least part of the excess of the containment compart-
ment 13.

[0059] In any case, under steady-state conditions, the
connecting duct 17, filled with lubricating fluid, has the
first inlet opening 17a occluded by the film of lubricating
liquid present on the top surface of the dividing wall 12,
as shown in Figure 1.

[0060] This condition continues since, with each rota-
tion of the rotor 4 about its axis 4a, a dispersion of lubri-
cating fluid in the gaseous fluid is continually expelled in
the containment compartment 13 and the excess of lu-
bricating liquid which flows from the compartment 13 into
the collection tank 14 guarantees the presence of the
lubricating liquid film on the top surface of the dividing
wall 12.

[0061] In this way, the lubricating liquid prevents the
entry of air in the suction chamber 5.

[0062] In the case of a switching off or malfunction of
the pump 1, the flow of the dispersion of lubricating fluid
in the gaseous fluid from the suction chamber 5 in the
containment compartment 13 decreases until stopping
in relation to the rotation of the rotor 4 about the relative
axis 4a.

[0063] In this condition, the discharge valve 16 passes
from the open position to the closed position of the dis-
charge opening 7b of the discharge duct 7.

[0064] The film of lubricating liquid present on the top
surface 18 finishes, since the flow of the dispersion of
lubricating liquid in the gaseous fluid in the containment
compartment 13 stops. The lubricating liquid contained
in the connecting duct 17 is drawn inside the suction com-
partment 5, thus emptying the channel 17.

[0065] Since the first opening 17a of the connecting
duct 17 is in communication with the air zone 15 the
chamber for containing the lubricating fluid 11, as it no
longer occluded by the film of lubricating liquid, the air
can flow inside the connection duct 17 in the suction
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chamber 5, through the second opening 17b, as illustrat-
ed in Figure 2.

[0066] The overpressure created in the suction cham-
ber 5, defined by the air introduced by the connecting
conduit, allows the suction valve 10 to be changed from
the open position to the closed position.

[0067] Advantageously, the presence of the means 19
for adjusting the flow rate inside the connection duct 17
make it possible to adjust the flow rate of liquid lubricant
and air which are introduced into the suction chamber 5
through the channel 17.

[0068] In order to limit the noise of the pump 1 accord-
ing to the invention, it comprises at least one channel for
conveying 22 air having a first opening 22a for inlet of
the air in fluid communication with the chamber for con-
taining lubricating liquid 11 in an airzone 15 and a second
opening 22b for outlet of the air leading into the suction
chamber 5.

[0069] The air conveying channel 22 extends at least
partly in the stator body 2. The second opening 22b for
outlet of the air from the air conveying channel 22 is po-
sitioned in the vicinity of the discharge duct 7.

[0070] More specifically, defining as beta "B" an angle
defined by a first joining f the centre of the rotor 4 with
the point of maximum vicinity of the stator body 2 with
the rotor 4 and a second joining of the centre of the rotor
4 with the second opening 22b for outlet of the from the
air conveying channel 22, the value of the angle beta is
between 20° and 90°, included. Means 23 for adjusting
the flow of air are positioned along the respective channel
for conveying air 22, preferably being positioned close
to the first opening 22a for inlet of the air.

[0071] Preferably, the adjusting means 23 are in the
form of a nozzle. Advantageously, the adjusting means
23 guarantee a constant and predictable air flow rate.

Claims

1. Alubricated vacuum pump comprising a stator body
(2) having a compartment (3) for housing a rotor (4)
positioned eccentrically inside the compartment (2)
to define a suction chamber (5);
the pump (1) has a duct (6) for supplying a gaseous
fluid and one or more ducts (7) for discharging a dis-
persion of a lubricating fluid in the gaseous fluid;
asuction valve (10), positioned along the supply duct
(6) is configured for passing from an open position
to a closed position and vice versa, adjusting the
passage of the gaseous fluid in the suction chamber
(3);
the pump (1) comprises a chamber for containing
lubricating liquid (11), in fluid communication with
the one or more discharging ducts (7), which has a
dividing wall (12) which delimits a compartment (13)
for containing the lubricating liquid, into which lead
the one or more discharging ducts (7), and a tank
(14) for collecting the excess lubricating liquid con-
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tained in the containment compartment (13);

the compartment (13) for containing the lubricating
fluid being in fluid communication with the suction
chamber (5) by means of the one or more discharg-
ing ducts (7);

at least one discharge valve (16), configured to pass
from an open position to a closed position and vice
versa, adjusts the passage of the dispersion of lu-
bricating fluid in the gaseous fluid from a respective
discharging duct (7) to the compartment (13) for con-
taining the lubricating fluid;

the pump being characterised in that it comprises:

at least one duct (17) for connecting the cham-
ber for containing the lubricating liquid (11) with
the suction chamber (5); the connecting duct
(17) extending at least partly in the dividing wall
(12) of the chamber for containing the lubricating
liquid (11) and leading inside the suction cham-
ber (5).

The pump according to independent claim 1, char-
acterised in that the connecting duct (17) extends
at least partly in the dividing wall (12) of the chamber
for containing the lubricating fluid (11) and at least
partly in the stator body (2) of the pump (1).

The pump according to independent claim 1 or 2,
characterised in that the connecting duct (17) has
arespective first opening (17a), in fluid communica-
tion with the chamber for containing the lubricating
liquid (11), leading from the dividing wall (12).

The pump according to claim 3, characterised in
that the dividing wall (12) has a first and a second
side surface (20, 21), respectively delimiting the con-
tainment compartment (13) and the tank (14) for col-
lecting the excess lubricating liquid, and a top sur-
face (18) adjacentto the firstand second side surface
(20, 21) of the dividing wall (12); the first opening
(17a) of the connecting duct (17) is positioned at the
top surface (18) of the dividing wall (12).

The pump according to any one of the preceding
claims, characterised in that the connecting duct
(17) has a respective second opening (17b) in fluid
communication with the suction chamber (5).

The pump according to claim 5, characterised in
that the second opening (17b) is positioned close to
a respective discharge duct (7); more specifically, a
first joining of the centre of the rotor (4) with the point
of maximum vicinity of the stator body (2) with the
rotor (4) and a second joining of the centre of the
rotor (4) with the second opening (17b) of the dis-
charge duct (7), forms an angle alpha (o)) whose val-
ue is between 20° and 60°,
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10.

1.

The pump according to any one of the preceding
claims, characterised in that it comprises means
(19) for adjusting the flow of fluid positioned along
the respective connecting duct (17).

The pump according to any one of the preceding
claims, characterised in that it comprises at least
one channel for conveying air (22) having a first
opening (22a) for inlet of the air in fluid communica-
tion with the chamber for containing lubricating liquid
(11) in an air zone (15) and a second opening (22b)
for outlet of the air leading into the suction chamber

®).

The pump according to claim 8, characterised in
that it comprises means (23) for adjusting the flow
of air positioned along the respective channel for
conveying air (22), preferably being positioned close
to the first opening (22a) for inlet of the air.

The pump according to claim 8 or 9, characterised
inthatan air conveying channel (22) extends atleast
partly in the stator body (2).

The pump according to any one of claims 8 to 10,
characterised in that the second opening (22b) for
outlet of the air of the air conveying channel (22) is
positioned close to a respective discharge duct (7);
a first joining of the centre of the rotor (4) with the
point of maximum vicinity of the stator body (2) with
the rotor (4) and a second joining of the centre of the
rotor (4) with the second opening (22b) for outlet of
the air from the air conveying channel (22), defines
an angle beta () whose value is between 20° and
90°, included.



EP 3 470 678 A1

FIG. 1



10

FIG. 2

EP 3 470 678 A1




10

15

20

25

30

35

40

45

50

55

EP 3 470 678 A1

des

Européisches
Patentamt

European

Patent Office

ce européen
brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 18 19 9571

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X DE 14 03 069 Bl (LEYBOLD HERAEUS GMBH & CO|1-3,5-11 INV.
KG [DE]) 29 January 1970 (1970-01-29) FO4C25/02
A * the whole document * 4 FO4C28/06
* figure 1 * FO4C29/02
* column 2, 1line 46 - column 3, line 20 * FO4C29/12
----- FO4C18/344
A DE 20 2012 002883 Ul (OERLIKON LEYBOLD 1-11 FO4C28/28
VACUUM GMBH [DE])
25 June 2013 (2013-06-25)
* the whole document *
* reference numeral 50;
figure 1 *
A,D |US 2013/251578 Al (FIGONI ERIC [FR]) 1-11
26 September 2013 (2013-09-26)
* the whole document *
* reference numeral 50;
figure 1 *
TECHNICAL FIELDS
SEARCHED (IPC)
FO4C
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich 22 February 2019

Sbresny, Heiko

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document




EP 3 470 678 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 19 9571

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

22-02-2019
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 1403069 Bl 29-01-1970 DE 1403069 Bl 29-01-1970
GB 948927 A 05-02-1964

DE 202012002883 U1 25-06-2013  NONE

US 2013251578 Al 26-09-2013  CN 101203677 A 18-06-2008
DE 102005031718 Al 18-01-2007
EP 1899608 Al 19-03-2008
JP 4996601 B2 08-08-2012
JP 2008545096 A 11-12-2008
KR 20080024149 A 17-03-2008
US 2009297376 Al 03-12-2009
US 2013251578 Al 26-09-2013
WO 2007006666 Al 18-01-2007

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82




EP 3 470 678 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

» GB 1556643 A [0009] * US 20130251578 A [0013]

10



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

