wo 2015/199596 A1 | I 01N OO 00 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/199596 A1

30 December 2015 (30.12.2015) WIPO I PCT
(51) International Patent Classification: (74) Agent: ERICSSON, Dan; Nobeli Business Support AB,
FO4F 5/46 (2006.01) FO04F 5/26 (2006.01) Patents and Trademarks, 691 80 Karlskoga (SE).

FO4F 5722 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/SE2015/000039 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. . BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(22) International Filing Date: DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
22 June 2015 (22.06.2015) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: Swedish KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(26) Publication Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(30) Priority Data: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

1400313-1 23 June 2014 (23.06.2014) SE IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ONISHI TEKNIK AB [SE/SE]; Sunnerstavé- (84) Designated States (unless otherwise indicated, for every
gen 88, 186 70 Brottby (SE). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventor: ONISHI, Daniel; Sunnerstavigen 88, 186 70 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

Brottby (SE).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: MULTI-STAGE VACUUM EJECTOR

(57) Abstract: The present invention relates to a multi-stage ejector (1) for
producing vacuums in an industrial process, comprising at least two eject -

Fig.2 /9
2
1/
7
1 16
12* ANNZg //
12— U1 3
13— 1 e
15/*~-/—LLJ 7”‘\20
18 % ﬁ
/: /‘\_’4
17— fﬁ xé

N
o))
NS
(ﬁ
N
—

19

N
-

or units (2, 3, 4) axially arranged at a predetermined distance apart in an
gjector housing (5), wherein each of the at least two ejector units (2, 3, 4)
comprises at least two parallelly arranged hollow feed-throughs for com-
pressed air (13, 17), comprising inlet (14, 18) and outlet nozzles (15, 19)
and at least one hollow feed-through for vacuum (16, 20). Characteristic of
the invention is that each of the at least two ejector units (2, 3, 4) is con-
figured as a part produced from one piece.
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MULTI-STAGE VACUUM EJECTOR

TECHNICAL FIELD

The present invention relates to a vacuum ejector for
producing vacuums in industrial processes. More
specifically, the invention relates to a multi-stage vacuum
ejector in which the ejector stages are arranged in series

and/or in parallel.

BACKGROUND AND STATE OF THE ART
A multi-stage ejector having a plurality of ejector stages

arranged in series and/or in parallel has long been known.

Typical of a multi-stage ejector is that it comprises an
ejector housing, comprising two or more ejector stages,
also termed ejector units, axially arranged one after the
other in series. In each of the ejector units there 1is
arranged a compressed air duct comprising an ejector nozzle
for producing the vacuum flow of the ejector and a vacuum
duct for said vacuum flow. The ejector units are separated
from one another via transverse partition walls disposed in

the ejector housing.

Compressed air is fed to the multi-stage ejector via a hose
coupling or pipe coupling disposed in the first ejector
unit of the multi-stage ejector. After having passed
through the first ejector wunit, the compressed air is
forwarded at high velocity into a second ejector unit and
thereafter, possibly, onward to a third and fourth ejector
unit. In the spaces between the ejector units, between the
outlet of an ejector nozzle and the inlet of a following
ejector nozzle is formed an underpressure, also termed a
vacuum flow, the size of which is determined by factors
such as incoming compressed air, the number of ejector
units, the distance between the nozzles of the ejector

units, and the configuration of the nozzles.
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In GB 22621357, figs. 1 and 2, is shown a multi-stage
ejector in an ejector housing, comprising axially arranged
ejector units separated from one another via transverse
dividing planes disposed in the ejector housing, wherein
the dividing planes comprise feed-throughs for compressed
air ducts and vacuum ducts, in which the ejector nozzles

and nonreturn valves, respectively, are mounted.

US 46966257, fig. 2, shows a multi-stage ejector similar to
that in GB 2262135A. The multi-stage ejector according to
US 46966257, fig. 2, differs by virtue of the fact that the
ejector housing also comprises a longitudinal plane in
which the vacuum feed-throughs with nonreturn valves are

disposed.

Various ways of mounting ejector nozzles in the compressed
alr feed-throughs have been proposed, for example various
types of fastening joints such as glue Jjoints, screw

joints, threaded joints or shrink joints.

A problem with said multi-stage ejectors 1is their
configuration with many separate parts which have to be
mounted, transverse and horizontal planes, separate ejector
nozzles, etc., which implies an increased risk of
malfunction in the ejector. A large number of parts also
implies that the risk of error in the production of the

ejector is high, resulting in a high rejection rate.

In the light of the above, there is a need for a simple
multi-stage ejector having few component parts, which has

high reliability and which is cheap and easy to produce.

AIM OF THE INVENTION AND ITS DISTINGUISHING FEATURES

A principal object of the present invention has been a
simplified multi-stage ejector having few component parts,
having high reliability, and which is easy and cheap to
produce.
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A further object has been a multi-stage ejector which can
be easily miniaturized for wuse within, for example,

microelectromechanical systems (MEMS).

Said objects, and other aims which are not enumerated here,
are satisfactorily met by virtue of that which is specified

in the present independent patent claims.

Embodiments of the invention are defined in the dependent

patent claims.

Thus, according to the present invention, a multi-stage
ejector for producing a vacuum flow in an industrial
process has been provided, comprising at least two ejector
units axially arranged at a predefined distance apart in an
ejector housing, wherein each of the at least two ejector
units comprises at least two parallelly arranged hollow
feed-throughs having inlet and outlet nozzles for a
compressed air flow and at least one hollow feed-through

for the vacuum flow.

Characteristic of the multi-stage ejector is that each of
the at least two ejector units with the hollow feed-
throughs for compressed air having inlet and outlet nozzles
for a compressed air flow and at least one hollow feed-

through for the vacuum flow.

According to further aspects of the multi-stage ejector:

- the ejector wunits are positionable in the ejector
housing, via longitudinal grooves disposed on the outer
side of the ejector units and via corresponding
longitudinal guide rails disposed on the inner side of the
ejector housing,
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- the ejector units are lockable via spring-pretensioned
guide lugs on the inner side of the ejector housing and via
corresponding recesses on the outer side of the ejector

units,
- the ejector housing is configured as a cylinder,

- the first ejector wunit and the third ejector unit
comprise a sleeve coupling for connection to incoming and
outgoing compressed air respectively, wherein the sleeve
coupling comprises an outer sleeve, in which is mounted an
inner sleeve, comprising a mounting seat for possible

mounting of a nonreturn valve and a filter,

- the sleeve coupling comprises transverse spring-loaded
locking pins for locking the sleeve coupling to the

respective ejector unit.

ADVANTAGES AND EFFECTS OF THE INVENTION

The invention implies a number of advantages and effects,
the most important being; simple design with few parts,
with high reliability, which is easy to produce and fault-
localize.

The invention also enables substantial miniaturization, for

application to, for example, MEMS.

The invention also implies a simplified production process

resulting in large cost benefits.

The invention has been defined in the following patent
claims and shall now be described in somewhat greater

detail in connection with the appended figures.

Further advantages and effects will emerge from study and

consideration of the following, detailed description of the
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invention, with simultaneous reference to the appended

drawing figure in which:

fig. 1 shows in schematic representation an overall view
of a multi-stage-ejector, configured as a vacuum
pump, comprising three ejector units arranged axially
one after the other, a first ejector unit comprising
a coupling sleeve for connection to incoming
compressed air, a second, intermediate ejector unit,
and a third ejector unit comprising a coupling sleeve
and a nonreturn valve for connection to outgoing

compressed air;

fig. 2 shows a longitudinal section A-A of a multi-stage
ejector according to fig. 1, in which the

configuration of;

fig. 3 shows a cross section of a multi-stage ejector
according to fig. 1, in which the compressed air duct
for outgoing compressed air and the vacuum duct for

inbound vacuum flow can be seen:

fig. 4 shows a cylindrical ejector housing intended for

a multi-stage ejector according to fig. 1;

fig. 5 shows a detailed view of a coupling sleeve
according to figure 1, in which the placement of the

nonreturn valve in the coupling sleeve can be seen;

fig. 6 shows a longitudinal section of the sleeve

coupling according to fig. 5;

fig. 7 shows an alternative embodiment of an ejector
unit according to figure 1, in which the hollow feed-
through for the vacuum flow is arranged centrally in

the ejector unit and in which the hollow feed-throughs
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fig.

figs.

fig.

fig.

fig.

fig.

figs.

fig.

for compressed air are evenly distributed around the

centrally positiconed vacuum duct;

8 shows a section of the ejector unit according to
fig. 7;
9 a-f show 1in schematic representation a plate-

shaped single-stage ejector of rectangular cross
section, comprising an ejector wunit having eight

parallelly arranged ejector nozzles;

10 shows in schematic representation a modular

single-stage ejector having two ejector units;

11 shows 1in schematic representation a modular two-

stage ejector having three ejector units;

12 shows in schematic representation a plate-shaped
three-stage ejector of rectangular cross section

comprising four, axially coupled ejector units;

13 shows a cross section of a three-stage ejector

according to figure 13;

14 a-c show in schematic representation three
alternative embodiments of a connecting plate disposed

on a plate-shaped three-stage ejector;

15 shows in schematic representation a plate-shaped
ejector comprising stacked multi-stage ejectors
connected to a pipeline via a tubular connecting plate

for generation of vacuum.

DETAILED DESCRIPTION OF EMBODIMENTS

In figures 1-4 is shown a preferred embodiment of a multi-

stage ejector 1 according to the invention, realized in the

form

of an ejector pump. The ejector pump, figures 1 and 2,
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comprises three ejector units 2,3,4, arranged axially one
after the other; a first ejector unit 2, comprising a first
compressed air connection 9 for connection to incoming
compressed air, for example via a compressed air hose, a
second, intermediate ejector unit 3, and a third ejector
unit 4, comprising a second compressed air connection 21
for connection to outgoing compressed air, for example via

a compressed air hose.

The ejector pump has preferably a cylindrical shape, but
can also have a different shape of, for example, square or
rectangular cross section. The ejector pump is preferably
accommodated in an ejector housing 5, figure 4, having a
configuration corresponding to the shape, for example
cylindrical shape, of the ejector pump.

In an alternative embodiment (not shown), the ejector
housing can also comprise detachable end walls having feed-

throughs for compressed air connections.

In a further special embodiment (not shown), the ejector
housing 1s constituted by short cylindrical sleeves,
arranged between and coupled to the three ejector units
2,3,4. The length of the sleeves equates to the space
between the ejector units 2,3,4. The advantages with the
sleeve arrangement are, above all, that the multi-stage
ejector can be made smaller, lighter and more flexible

since an ejector unit can be easily exchanged by the

release of a sleeve.

The three ejector units 2,3,4 are axially and radially
positionable and lockable relative to one another in the
ejector housing 5, via a plurality of spring-pretensioned
guide 1lugs disposed on the inner side of the ejector
housing 5 and via recesses disposed on the ejector units
2,3,4 and corresponding to the guide lugs. The guide lugs
can advantageously be disposed on guide rails running
longitudinally inside the ejector.
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Alternatively, the ejector units 2,3,4 can be positionable
relative to one another in the ejector housing 5, via
grooves 6 running longitudinally on the ejector units 2,3,4
and via corresponding guide rails 7 on the inner wall of

the ejector housing 5.

The ejector units 2-4 positionable in the ejector housing 5
are also lockable in defined positions, via locking devices
8 which are disposed in the ejector housing 5 and which,
for example, can be constituted by radially arranged
locking pins or alternatively by 1locking or clamping

SCrews.

Apart from hollow feed-throughs for compressed air
11,13,17, the second and the third ejector unit 3,4 in the
axial direction comprises hollow feed-throughs for vacuum,
also termed vacuum feed-throughs 16,20. In the spaces
between the first and the second ejector unit 2,3 and
between the second and the third ejector unit 3,4 (the
suction side of the ejector pump), the vacuum flow of the

ejector pump 1 arises.

The vacuum flow depends on factors such as the pressure of
the incoming compressed air, the number of ejector units,
the distance between the ejector units, and the
configuration of the ejector nozzles. In one embodiment,
the vacuum flow of the ejector is regulated by regulating

the distance between the ejector units 2,3,4.

As can Dbe seen from figure 2, the first and the third
ejector unit 3,4 also each comprise a coupling device for
connection to incoming and outgoing compressed air,
respectively, for the multi-stage ejector. To this end, a
flexible sleeve coupling 21, figures 5 and 6, has been
developed. The sleeve coupling 21, which comprises a
swiveling part, can be used both on the suction and on the
pressure side of the ejecfor. In figures 5 and 6 is shown
the sleeve coupling 21, though only mounted on the ejector

unit 4 for outgoing compressed air. The sleeve coupling 21
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comprises an outer sleeve 22, in which an inner sleeve 23
is mounted. In the inner sleeve 23 there is arranged a seat
for mounting of a nonreturn valve 24 and of a filter 25.
Nonreturn valve or filter functions or both can be easily
installed and changed according to requirement. For
mounting of the sleeve coupling 21 in an ejector unit 2,4,
the sleeve coupling 21 also comprises a supporting flange
25 and a bearing seat 26.

The sleeve coupling is locked with transverse, spring-
loaded locking pins. The swiveling part can be variously
configured, with different types of threads, plug-in
couplings or pipe branches. The whole of the sleeve
coupling 21 with pressure connection can be easily changed

by removing the transverse locking pins.

In the preferred embodiment of the multi-stage ejector,
figures 1 and 2, each of the three ejector units 2,3,4
comprises four parallelly arranged compressed air feed-
throughs 19, distributed in a semicircular shape on one
half of the ejector units 2,3,4. In the first ejector unit
2, the four compressed air feed-throughs 11 extend
approximately halfway through the ejector unit 2, where it
connects to the coupling device 9 for connection to inbound
compressed air.

In the second ejector unit 3, as in the third ejector unit
4, the compressed air feed-throughs 13, 17 are continuous
from one end wall to the other end wall. The compressed air
feed-throughs 11,13,17 further comprise aerodynamically

configured 1inlet pieces and nozzles 14,18 and outlet
nozzles 12,15,109.

Furthermore, the ejector units 2,3 and 4 are positioned at
a defined distance apart, so that the outlet nozzle 12 of
the first ejector unit 2 connects to the inlet nozzle 14 of
the second ejector unit 3 and the outlet nozzle 15 of the
second ejector unit 3 connects to the inlet nozzle 18 of
the third ejector unit 3.
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The ejector wunits 2,3,4 with hollow feed-throughs for
compressed air and vacuum and associated inlet and outlet
nozzles are each configured as a single part and produced
from a single piece. Production of the ejector units 2,3,4
is effected preferably, with the aid of the prior art, via
mechanical machining from a metal piece. Alternatively, for
example for use in MEMS applications, the production can
also be effected via a pressing or molding operation,

wherein plastics or composite material can also be used.

Alternative embodiments regarding the number of compressed
air feed-throughs and their distribution are possible.
Figures 7 and 8 show an alternative embodiment of an
ejector unit 30, in which a hollow feed-through for the
vacuum flow 33 is arranged centrally in the ejector unit 30
and in which the hollow feed-throughs 32 for compressed air
are evenly distributed around the centrally positioned

vacuum duct 33.

Figures 9-15 show some alternative embodiments of plate-
shaped single-stage or multi-stage ejectors of square or

rectangular cross section.

Figures 9 a-b show a longitudinal section of a plate-shaped
single-stage ejector 40 of rectangular cross section. The
single-stage ejector 40 comprises two ejector units, each
produced from one piece, a first ejector unit 41 comprising
eight ejector nozzles 42, arranged side by side in
parallel, corresponding to previously described inlet and
outlet nozzles with intermediate compressed air duct, a
second ejector unit 43 comprising eight parallelly arranged
ejector nozzles 44. The two ejector units 41,43 are coupled
and joined together to each other via screws 45 or rivets,
figures 9 b, d. Other coupling or joining methods too can
be wused, such as, for example, tacks or glue. The two
ejector units 41,43 are sealed, preferably with the aid of

elastic sealing rings 46, fig. 9d, such as, for example, O-
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rings, which are applied to the flange-like protruding
parts of the ejector nozzles 42 of the ejector units,
figure 9 d. Alternative sealing means, such as glue, are

also used.

The compressed air inlet 47 of the first ejector unit 41 is
configured for a compressed air connection, preferably in
the form of a rotating or threaded coupling, alternatively
a swiveling lock coupling. The compressed air outlet 48 of
the second ejector unit 43 is preferably configured for

connection to a sound damper or a hose.

Between the first ejector unit 41 and the second ejector
unit 43 are arranged vacuum ducts to the inlets of the
ejector nozzles 44 in the second ejector unit 43. The
vacuum ducts are connected to eight corresponding vacuum
ports 49 disposed in a connecting plate 50 mounted on the
top side of the second ejector unit 43, figure 9 a. On the
connecting plate 50 are further arranged eight vacuum
detection ports 51 connected to the compressed air outlets
48 in the ejector nozzles 44 of the second ejector unit 43,
figure 9 a. The vacuum detection ports 51 detect and
register the vacuum pressure in the ejector 40 and
regulate, via switching on and off of a control valve (not
shown) , the vacuum flow of the ejector 40. On the
connecting plate 50 are also arranged fastening or
connecting devices 52, for example in the form of hollow
feed-throughs, for mounting of the ejector 40 on an

external unit, for example a vacuum tube.

Figures 10 and 11 show a modular ejector arranged for
simple conversion from a single-stage ejector 60 to a two-
stage ejector 61, and vice versa, wherein the modular
ejector comprises two base or basic elements and two
exchangeable elements, wherein each of the four elements is
realized/produced in one piece. The first basic element 62
comprises a first ejector unit 63, two vacuum ports 64 and

three mounting holes 65. The second basic element 66
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comprises a second ejector unit 67 and a first vacuum duct
68.

The first exchangeable element 69, which constitutes an end
piece for a single-stage ejector, comprises a third vacuum
port 70 and a fourth mounting hole 71. The second
exchangeable element 72, figure 11, which constitutes an
end piece for a two-stage ejector, comprises a third
ejector unit 73 and a fourth vacuum port 74, which is
connected to a second vacuum duct 75 with connection to the

first vacuum duct 68.

Figure 10 shows the modular ejector realized as a single-
stage ejector 60, comprising the two basic elements 62,66
and the first exchangeable element 69. Fig. 11 shows a
modular ejector realized as a two-stage ejector 66,
comprising the two basic elements 62,66 and the second
exchangeable element 72. When the end piece is mounted in
the single-stage or two-stage ejector, the basic elements
and the end piece are locked together and form a coherent
unit. The end pieces are locked preferably via screws or
rivets 76.

Figures 12 and 13 show a longitudinal section and cross
section, respectively, of a plate-shaped three-stage
ejector 80 of rectangular cross section. The three-stage
ejector 80 comprises four, in the axial direction, serially
coupled ejector units, each produced from one piece, a
first ejector wunit 81, comprising six, in the radial
direction, parallelly arranged ejector nozzles 82,
corresponding to the previously described inlet and outlet
nozzles with intermediate compressed air duct, with hollow
feed-throughs 83 for incoming compressed air, a second
ejector unit 84 comprising six parallelly arranged ejector
nozzles 85 corresponding to the first ejector stage of the
three-stage ejector 80, a third ejector unit 86 comprising
six parallelly arranged ejector nozzles 87 corresponding to

the second ejector stage of the three-stage ejector 80, a
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fourth ejector unit 88 comprising six parallelly arranged
ejector nozzles 89 corresponding to the third ejector stage
of the multi-stage ejector 80, and a concluding closure
piece or end piece 90 comprising vertically arranged outlet

holes 91 for outgoing compressed air.

The three-stage ejector 80, according to figure 13, further
comprises a, in the axial direction, continuous vacuum duct
92, figure 13, comprising vertical vacuum connections, a
first vacuum connection 93, a second vacuum connection 94
and a third vacuum connection 95 to the pressure inlets of
the second, third and fourth ejector unit 84,86, 88.

The common vacuum duct 92 further comprises three, in the
opposite direction, vertical ducts connected to a
connecting plate 95 on the top side of the ejector, a rear
vacuum duct 96, in the form of a vacuum detector, and a
front vacuum duct 97, as well as a front compressed air

duct 98 for outgoing compressed air.

On the connecting plate 92 are also arranged mounting or
joining devices 99 for fitting of the three-stage ejector
80 to an external unit or for mounting/joining of two or
more, parallelly stacked three-stage-ejectors 80. The
mounting or Joining devices 99 can be constituted by
screws, a screw joint, or by snap fastenings, but other
joining devices can also be used, such as, for example,
glue joints.

The connecting plate 92 can be variously configured and can
also comprise fastening devices for connecting one or more
multi-stage ejectors to various external units, such as,
for example, a pipeline for generation of vacuum in an
industrial process.

In figures 14 a-c are shown three examples of embodiments
of a connecting plate 100,101,102, mounted on a plate-
shaped multi-stage ejector 103 of rectangular <cross

section. Figure 14 a shows a first connecting plate 100
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comprising a compressed air outlet 104 for connection to,
for example, a sound damper or a compressed air hose, a
large vacuum port 105 and a small vacuum port 106 for

vacuum detection for connection to an external unit.

Figure 14 b shows a second connecting plate 101 comprising
a compressed air outlet 107 for connection to, for example,
a sound damper or a compressed air hose, nine small vacuum
ports 108 for connection to various external units. Figure
14 ¢ shows a third connecting plate 102 comprising a
compressed air outlet 109 for connection to, for example, a
sound damper or a compressed air hose, and an open section
110 for connection to an external plate section comprising

specially designed vacuum recesses.

Figure 15 shows a side view of an ejector device comprising
at least two plate-shaped multi-stage ejectors 120, of the
type shown in figure 14, mounted on a pipeline 121 for
generation of vacuum. The multi-stage ejectors 120 are
arranged in stacks one upon the other and form two ejector
packs 122 mounted on the side of the pipeline 121 via a
tubular connecting plate 123. The vacuum ports of the
multi-stage ejectors are connected to the inner side of the

pipeline 121 via hollow feed-throughs in the pipe wall.

The invention is not limited to shown embodiments, but can
be varied in different ways within the scope of the patent

claims.
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PATENT CLAIMS

A multi-stage ejector (1) for producing vacuums in
an industrial process, comprising at least two
ejector units (2,3,4) axially arranged at a defined
distance apart in an ejector housing (5), wherein
each of the at least two ejector units (2,3,4)
comprises at least two parallelly arranged hollow
feed-throughs for compressed air (13,17),
comprising inlet (14,18) and outlet nozzles (15,19)
and at least one hollow feed-through for vacuum
(16,20), characterized in that each of the
at least two ejector units (2,3,4) is configured as

a part produced from one piece.

The multi-stage ejector (1) as claimed in claim 1,
characterized in that the ejector units
(2,3,4) are positionable in the ejector housing
(5), via longitudinal grooves (7) disposed on the
outer side of the ejector units (2,3,4) and via
corresponding longitudinal guide rails (7) disposed

on the inner side of the ejector housing (5).

The multi-stage ejector (1) as claimed in claim 2,
characterized in that the ejector units
(2,3,4) are lockable via spring-pretensioned guide
lugs on the inner side of the ejector housing (5)
and via corresponding recesses on the outer side of

the ejector units (2,3,4).

The multi-stage ejector (1) as claimed in claims 1
to 3, characterized in that the ejector

housing (5) is configured as an open cylinder.

The multi-stage ejector (1) as claimed in claim 1,
characterized in that the first ejector
unit (2) and the third ejector unit (4) comprise a

sleeve coupling (21) for connection to incoming and
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outgoing compressed air respectively, wherein the
sleeve coupling (21) comprises an outer sleeve
(22), in which 1is mounted an inner sleeve (23),
comprising a mounting seat for possible mounting of

a nonreturn valve (24) and a filter (25).

Multi-stage ejector (1) as claimed in claim 5,
characterized in that the sleeve coupling
(21) comprises transverse spring-loaded locking
pins (10) for locking the sleeve coupling (21) to

the respective ejector unit (2,4).
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