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Drive for a compressor element and water-injected

compressor device provided with such ‘a drive.

The present invention relates to an actuator for a

compressor element.

Water-injected compressor elements utilise an actuator to
convert electrical energy into oil-free compressed gas, for
example though not necessarily air that can for example be
used 1in the pharmaceutical industry or in the food

industry, wherever compressed air is required.

Traditionally an actuator or motor 1is wused that is
lubricated and cooled with o0il. The necessary seals are
provided between the actuator and the compressor element,
to prevent oil contamination of the compressed gas and to
prevent any water from being able to enter the actuator and

causing problems such as corrosion and/or short circuits.

These seals concern a “shaft seal” around the shaft of the
motor rotor. A so-called “contact seal” is often employed

for such applications.

A first disadvantage 1is that such a shaft seal always
causes a loss of power and therefore also reduces the

efficiency of the machine.

Another disadvantage of this is that such shaft seals have
a limited lifespan because they are prone to wear and tear

and must be replaced regularly. For example, if such a
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“contact seal” is not carefully replaced there is

considerable potential for leaks to occur.

Furthermore, when seals fail, o0il ends up in the compressed
gas, which is unacceptable for certain applications.

In addition, water can enter the actuator, which can cause
corrosion and/or a short circuit. Both consequences can

cause the actuator to fail or malfunction.

The purpose of the present invention 1is to provide a
solution to at least one of the aforementioned and/or other
disadvantages, by providing an actuator which 1is both

lubricated and cooled with water.

The present invention features an actuator for a compressor
element, with the actuator including an electric motor with
a motor casing which defines a motor chamber in which a
motor rotor is placed rotatably using one or motor bearings
in relation to a motor stator, whereby the motor stator is
built of laminations around which windings are attached and
whereby the motor rotor is built of a shaft with
laminations, whereby the actuator is further equipped with
a cooling circuit.for a coolant characterized in that the
coolant is water, that the motor bearings are water-
lubricated, that the shaft on the motor rotor is made of
stainless steel, that the aforementioned windings are
embedded in an epoxy resin and that around each of the
laminations of the motor rotor and the motor stator a

composite sleeve has been fitted.

An advantage 1is that, thanks to provisions made in the

actuator, the entire actuator can be both cooled and
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lubricated with water without any risk of a short circuit

and corrosion.

Indeed, the epoxy resin will protect the windings on the
motor stator, which are often made of copper, while the
composite sleeves will protect the laminations on the motor

rotor and motor stator.

By providing water-lubricated bearings there is no need to
use lubricating oil in the actuator and, in other words,

this is 100% oil-free.

By using this actuator to drive a water-injected compressor
element, compressed gas can be generated that is 100% oil-
free and has the so-called “class zero oil free” 1ISO

certification.

Furthermore, the actuator does not need to be sealed off in
relation to the compressor element, as there are no risks
of water from the injection c¢ircuit in the compressor

element damaging the actuator.

The negative effects of a failure in the seals between the
actuator and the compressor element are therefore entirely
avoided. As such seals ‘are no longer necessary, the

assembly of the machine is simplified.

An additional advantage concerns the fact that the epoxy
resin 1is Dbetter able to remove heat than air. In a
traditional actuator, the heads of the windings are exposed

to the air, but in an actuator according to the invention
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these heads are embedded or surrounded by epoxy resin. Heat
is conducted better by this epoxy resin than by air, making

the cooling more efficient.

In a practical embodiment, the motor casing is fitted with
a sleeve, which forms the motor chamber and a flange, which
seals off the sleeve, whereby the flange is equipped with a
space into which the live wires enter, whereby a seal is
provided between the aforementioned flange and the stator

enclosed in epoxy.

An advantage 1is that the 1live wires, that provide -
electrical current to the actuator, are protected from the

water.

As the aforementioned seal is clamped between two static
parts of the actuator, it almost entirely avoids wear and
tear and the use of this seal will not cause any loss of

power in the machine.

The invention also involves a water-injected compressor
device with a water-injected compressor element comprising
a compressor casing which defines a compressor chamber in
which one or more compressor rotors are attached, whereby
the compressor element features a water injection circuit
whereby it 1is fitted with an actuator according to the
invention, whereby the shaft on the motor rotor is coupled
with a rotor shaft in the compressor rotor and whereby the
compressor casing is connected to the motor casing, whereby
the motor chamber and the compression chamber are not

sealed off in relation to each other.
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The advantages are similar to those of an actuator
according to the invention.

An additional advantage is that the water injection circuit
can be coupled or combined with the cooling circuit in the
actuator, so that the device has one single integrated

water circuit.

In a preferred embodiment, the compressor element is a
vertical compressor element, whereby the rotor shafts on
the compressor rotors and the shaft on the motor rotor
extend, during normal operation of the compressor device,
in an axial direction which lies diagonally or

perpendicular to the horizontal surface.

An advantage is that this set-up allows a simple operation,
whereby the water can simply flow due to gravity over the
motor rotor and motor stator and the compressor rotors

without the need for further means or energy.

Furthermore, such a set-up takes up less space since the
actuator 1is placed on top of rather than beside the

element.

With the intention of better showing the characteristics of
the invention, a preferred embodiment of an actuator for a
compressor element and a water-injected compressor device
equipped therewith according to the invention is described

hereinafter, by way of an example without any limiting
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nature, with reference to the accompanying drawings,

wherein:

figure 1 schematically shows a perspective view of a
water-injected compressor device with an actuator
according to the invention;

figure 2 schematically shows a cross-section along the
line II-II in figure 1;

figure 3 shows the actuator in figure 2 in more
detail;

figure 4 shows an alternative embodiment of figure 3;

figure 5 shows an alternative embodiment of figure 2.

Figures 1 and 2 schematically show a water-injected
compressor device 1 according to the invention,  which
principally comprises an actuator 2 according to the

invention and a water-injected compressor element 3.

The compressor element 3 comprises a compressor casing 4
which defines a compressor chamber 5 in which, in this
case, but not necessarily for the invention, two compressor

rotors 6 are mounted rotatably.

In this case, but not necessarily, the compressor rotors

are mounted with the help of water-lubricated bearinés 7.

The compressor casing 4 comprises an inlet 8 for gas to be

compressed and an outlet 9 for compressed gas.

The compressor element 3 is equipped with a water injection

circuit 10 for the injection of water in the compressor
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chamber 5, in order to provide cooling and lubrication of

the compressor rotors 6.

It also comprises one or more drainage pipes 11 which drain
water and lead to the aforementioned water-lubricated

bearings 7 for the purpose of cooling and/or lubrication.

Besides the water-injected compressor element 3, the
compressor device 1 also comprises an actuator 2 according
to the invention. This actuator 2 is shown in detail in

figure 3.

This actuator 2 includes an electric motor 12 with a motor

casing 13 defining a motor chamber 14.

In the motor chamber 14 a motor rotor 15 is positioned
rotatably using a motor bearing 16, which according to the
invention is water-lubricated. The motor bearing 16 is in

this case, but not necessarily, a “carbon sliding bearing”.

The motor rotor 15 is built of a shaft 17 produced from

stainless steel and surrounded by laminations 18.

In the motor chamber 14 there is also a motor stator 19,

which extends around the motor rotor 15.

The motor stator 19 comprises laminations 20 around which
windings 21 are attached, with the windings being embedded

in an epoxy resin 21.
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A composite sleeve 23 is applied both around the
laminations 18 on the motor rotor 15 and around the
laminations 20 on the motor stator 19, as shown in figure
3. These sleeves 23 are, for example, built of a carbon

fibre composite.

The actuator 2 is further equipped with a cooling circuit
24 for a coolant, in order to cool the actuator 2. The

coolant, according to the invention, is water.

This cooling circuit 24 comprises a number of cooling
channels 25 in the casing 13, which carries the cooling
water to the parts of the actuator 2 to be lubricated
and/or cooled and comprises also a cooling case 26 which,
in this case, 1is integrated in the motor casing 13 and in
which the water can also circulate in order to cool the

motor casing 13.

It is not excluded that the cooling case 26 is attached

around the motor casing 13, i.e. not integrated therein.

Also, the cooling circuit 24 is equipped with a branch pipe
27 or branch pipes that branch water from the cooling
circuit 24 and lead it to the water-lubricated motor

bearings 16 for their lubrication and/or cooling.

As a result, no oil circuit is provided for lubrication of
the motor bearings 16 with oil. Obviously, the water-
injected compressor element 3 1is also free of any oil

injection circuit.
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The motor casing 13 1s provided with a sleeve 28 which
forms the motor chamber and in which, in this case, the
aforementioned cooling case is integrated, and a flange 29

sealing this sleeve 28.

In the flange 29 a space 30 is provided in which the live
wires from the actuator 2 enter, in order to supply the
electric motor 12 with electricity. Between this flange 29
and the stator 19 embedded in epoxy, a seal 31 is provided
which stops water from infiltrating the space 30 containing

the live wires.

The aforementioned actuator 2 will drive the water-injected
compressor element 3, whereby the shaft 17 in the motor
rotor 15 is coupled with a rotor shaft 32 in the compressor
rotor 6 and whereby the compressor casing 4 is connected to
the motor casing 13, whereby the motor chamber 14 and the
compressor chamber 5 are not sealed off in relation to each

other.

The result of this is that water that is injected into the

" compressor element 3 can enter the actuator 2, and will

cause no harm in the actuator 2 according to the invention

because the necessary precautions have been taken.

The shaft 17 in the motor rotor 15 is directly coupled to
the rotor shaft 32 on one of the compressor rotors 6 and
extends in an axial direction X-X’ in 1line with the

relevant rotor shaft 32.
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It is also possible that the shaft 17 in the motor rotor 15
also forms the rotor shaft 32 of one of the compressor
rotors 6, in other words: the shaft 17 in the motor rotor

15 and the rotor shaft 32 are one.

As shown 1in figure 1, the compressor element 3 1is a
vertical compressor element 3, whereby the rotor shafts 32
in the compressor rotors 6 and the shaft 17 in the motor
rotor 15 extend during normal operation of the compressor
device 1 in an axial direction X-X' which lies

perpendicular to the horizontal surface.

It is also possible that, during normal operation of the
compressor device 1, the rotor shafts 32 in the compressor
rotors 6 and the shaft 17 in the motor rotor 15 extend in
an axial direction X-X’ which lies diagonal to the

horizontal surface.

In this case, the compressor element 3 forms the foot or
lowest part of the compressor device 1, while the actuator
2 forms the head or uppermost part of the compressor device

1.

Besides the coupling between the aforementioned casings 4,
13 and shafts 17, 32, the water injection circuit 10 on the
compressor element 3 1is also connected to the cooling
circuit 24 on the actuator 2 to form an integrated water

circuit 10, 24 for the compressor device 1.

Given the fact that the actuator 2 is not sealed off in

relation to the compressor element 3, it will be possible
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to cool and lubricate both using one integrated water
circuit 10, 24, whereby cooling water can flow from the
actuator 2 to the compressor element 3 and in principle

also from the compressor element 3 to the actuator 2.

The operation of the compressor device 1 is very simple and

as follows.

During operaticn, the actuator 2 will drive the compressor
element 3, whereby the shaft 17 on the motor rotor 18 will
transfer the rotation of the motor rotor 18 to the rotor
shaft 32 on the compressor rotor 6, whereby both rotors 6

will rotate.

By rotating, the compressor rotors 6 will compress gas in
the known manner, e.g. air, that is sucked in through the
inlet 8. The compressed gas will leave the compressor

element 3 through the outlet 9.

It goes without saying that, according to the invention,
various types of gas or gas mixtures can be compressed and
that the invention 1is not limited to the compression of

air.

During its operation, the actuator 2 will generate heat,
which needs to be removed, while the motor bearings 16 and

the compressor element 3 must be lubricated and cooled.

The integrated water circuit 10, 24 will ensure that water
is injected in the motor casing 13 and the compressor

casing 4.
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The water circuit 10, 24 comprises, on the one hand, the
cooling circuit 24 in the actuator 2 and, on the other, the
injection circuit 10 in the compressor element 3 and is
made of a number of channels 25, 11, 27 which are attached
in the compressor casing 4 and in the motor casing 12 and

cooling case 26.

These channels 25, 11, 27 will transport water to the parts
to be cooled and lubricated, such as the compressor casing
4, the rotors 6, the motor bearings 16 and the bearings 7

in the compressor rotors 6 and to the cooling case 26.

A number of these channels 25, 11, 27 concern the branch
pipes 27 and drainage pipes 11 which shall branch or drain
water and take it to the motor bearings 16 respectively

bearings 7 in the compressor rotors 6.

Water in the water circuit 10, 24 can be sent around using
a pump or the pressure generated by the compressor element

3.

The water that is injected in the actuator 2 or at the top
of the compressor element 3, will flow, partly due to the
pressure built up in the pressure vessel, towards the

bottom of the compressor element 3.

Given that there are no special seals provided in the
actuator 2, small leakage flows will occur in the motor as

water flows through the actuator 2, which will cause no
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harm because the various electromagnetic and electrical

elements in the actuator 2 are protected.

Leakage flows from the compressor element 3 to the actuator
2 are also possible, given that there are no seals or
gaskets provided between the motor <casing 13 and the
compressor casing 4, and these leakage flows similarly

cause no harm.

In addition to cooling the water circuit, the epoxy resin
22, in which the windings 21 on the motor stator 19 are

embedded, also acts to conduct heat better.

It is known that most heat is generated in the windings 21
on the motor stator 19 of an electrical motor. The epoxy
resin 22 will conduct heat better than air, which is what
surrounds the windings 21 in known electrical motors.
Thanks to this improved conduction of heat, the heat can
also be removed better, resulting in better cooling of the

actuator 2.

It is possible that the cooling circuit 24 on the actuator
2 1s also equipped with a water filter 33, which is coupled

to, attached to or integrated within the motor casing 13.

Such an actuator 2 is shown in figure 4, where the water

filter 33 is attached to the motor casing 13.

This water filter 33 will filter the water in the cooling
circuit- 24 and the injection circuit 10, so that any

impurities present are removed from the water.
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The filtered water 1is preferably then first sent to the

motor bearing 16 and to the compressor rotors 6.

It is clear that the water filter 32 can be implemented in

different ways.

Figure 5 shows an alternative embodiment of figure 2,
whereby the water circuit 10, 24 1is equipped with a
pressure vessel 34, that is installed downstream of the

compressor element 3.

The water that 1s separated in the pressure vessel 34 is

returned to the compressor device 1 via the return pipe 35.

In this way, a closed water circuit 10, 24 1is formed,

whereby the injected water can be reused.

In this case, the return pipe 35 leads to the cooling
circuit 24, however, it is also possible that the return
pipe leads to the injection circuit 10 or to both the

cooling circuit 24 and the injection circuit 10.

The presence of such a pressure vessel 34 is preferred,
although not essential for the invention, given that the
water for the cooling circuit 24 and/or the injection
circuit 10 can also be supplied from elsewhere, i.e. an

external source.

It is also possible to apply the water filter 33 in this

embodiment.



WO 2018/083579 PCT/IB2017/056714

15

The present invention 1is by no means limited to the
embodiment described as an example and shown in the
drawings, but an actuator according to the invention for a
compressor element and a water-injected compressor device
equipped therewith can be realised in all kinds of forms
and dimensions without departing from the scope of the

invention.
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Claims.

1.- Actuator for a compressor element (3), with the
actuator (2) comprising an electrical motor (12) with a
motor casing (13) which defines a motor chamber (14) in
which a motor rotor (15) 1s positioned rotatably in
relation to a motor stator (19) with the help of one or
more motor bearings (16), whereby the motor stator (19) is
built of laminations (20) around which windings (21) are
applied and whereby the motor rotor (15) is built of a
shaft (17) with laminations (18), whereby the actuator (2)
is also equipped with a cooling circuit (24) for a coolant
characterized in that the coolant is water, that the motor
bearings (16) are water-lubricated, that the shaft (17) on
the motor rotor (15) is made from stainless steel, that the
aforementioned windings (21) are embedded in an epoxy resin
(22) and that a composite sleeve (23) 1is applied around
each of the laminations (18, 20) on the motor rotor (15)

and on the motor stator (19).

2.- Actuator according to claim 1, characterized in that
the motor casing (13) is provided with a sleeve (28) which
forms the motor chamber (14) and a flange (29) that seals
the sleeve (28), whereby the flange (29) is provided with a
space (30) into which the live wires enter, whereby a seal
(31) is provided between the aforementioned flange (29) and

the windings (21) which are embedded in epoxy resin (22).
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3.- Actuator according to claim 1 of 2, characterized in
that the motor bearing (16) or the motor bearings (16) are

formed by one or more carbon sliding bearings.

4.- Actuator according to any one of the previous claims,
characterized in that the actuator (2) is equipped with a
cooling case (26) which is applied around the motor casing
(13) or is integrated in the motor casing (13), whereby the
cooling case (26) is part of or connected to the cooling

circuit (24).

5.- Actuator according to any one of the previous claims,
characterized in that the cooling circuit (24) is equipped
with a branch pipe (27) or branch pipes (27) which branch
water from the cooling circuit (24) and towards the motor
bearing (16) or motor bearings (16) for the purpose of

lubrication and/or cooling.

6.- Actuator according to any one of the previous claims,
characterized in that the aforementioned sleeves (23) are

built of a carbon fibre composite.

7.- Actuator according to any one of the previous claims,
characterized in that the cooling circuit (24) comprises a
water filter (33) which is coupled to, attached to or

integrated within the motor casing (13).

8.- Water-injected compressor device with a water-injected
compressor element (3) that comprises a compressor casing
(4) which defines a compressor chamber (5) in which one or

more compressor rotors (6) are attached, whereby the
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compressor element (3) 1is equipped with a water injection
circuit (10) characterized in that the water-injected
compressor device (1) 1is équipped with an actuator (2)
according to any one of the previous claims, whereby the
shaft (17) on the motor rotor (15) is coupled with a rotor
shaft (32) on the compressor rotor (6) and whereby the
compressor casing (4) 1is connected to the motor casing
(13), whereby the motor chamber (14) and the compressor

chamber (5) are not sealed off in relation to each other.

9.- Water-injected compressor device according to claim 8,
characterized in that the compressor element (3) 1is a
vertical compressor element (3), whereby the rotor shafts
(32) on the compressor rotors (6) and the shaft (17) on the
motor rotor (15) during normal operation of the compressor
device (1) extend in an axial direction (X-X’) which lies

diagonal or perpendicular to the horizontal surface.

10.- Water-injected compressor device according to claim 9,
characterized in that the compressor element (3) forms a
foot of lowest part of the compressor device (1) and the
actuator (2) forms a head or uppermost part of the

compressor device (1).

11.- Water-injected compressor device according to any one
of the previous claims 8 to 10, characterized in that the
shaft (17) on the motor rotor (15) is diréctly coupled to
the rotor shaft (32) on one of the compressor rotors (6)
and extends in an axial direction (X-X’) in line with the

relevant rotor shaft (32) or that the shaft (17) on the
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motor rotor (15) also forms the rotor shaft (32) of one of

the compressor rotors (6).

12.- Water-injected compressor device according to any one
of the previous claims 8 to 11, characterized in that the
water injection circuit (10} in the compressor element (3)
is connected to the cooling circuit (24) in the actuator
(2) to form an integrated water circuit (10, 24) for the

compressor device (1).

13.- Water-injected compressor device according to any one
of the previous claims 8 to 12, characterized in that the
compressor rotors (6) in the compressor chamber (5) are

positioned with the help of water-lubricated bearings (7).

14.- Water-injected compressor device according to
aforementioned claim 13, characterized in that the water
injection circuit (10) includes one or more drainage pipes
(11) which drain water and lead to the water-lubricated

bearings (7) for the purpose of cooling and/or lubrication.
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