(12) STANDARD PATENT

(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(74)

(56)

Title
Fan-cooled electrical machine with axial thrust compensation

International Patent Classification(s)

HO02K 9/06 (2006.01) HO02K 7/14 (2006.01)
F04D 29/041 (2006.01) HO02K 7/18 (2006.01)
Application No: 2014317455 (22) Date of Filing:  2014.03.06

WIPO No: WO15/032510

Priority Data

Number (32) Date (33) Country
FI2013A000204 2013.09.03 IT
Publication Date: 2015.03.12

Accepted Journal Date: 2018.10.18

Applicant(s)
Nuovo Pignone Srl

Inventor(s)
Oxman, llia;Michelassi, Vittorio

Agent / Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, Collins Street West, VIC, 8007, AU

Related Art
US 2604501 A
US 4562367 A

(11) Application No. AU 2014317455 B2




wo 2015/032510 A 1[I 00000 000 O

(43) International Publication Date

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

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

=

\

12 March 2015 (12.03.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/032510 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HO2K 9/06 (2006.01) HO2K 7/18 (2006.01)
HO2K 7/14 (2006.01) F04D 29/041 (2006.01)

International Application Number:
PCT/EP2014/054313

International Filing Date:
6 March 2014 (06.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

FI2013A000204 3 September 2013 (03.09.2013) IT

Applicant: NUOVO PIGNONE SRL [IT/IT]; Via Felice
Matteucci 2, I-50127 Florence (IT).

Inventors: OXMAN, Ilia; 1160 Monaghan Road, Peter-
borough, Ontario K9J 7B5 (CA). MICHELASSI, Vit-
torio; Freisingerland Strasse 50, Bayern, 85748 Garching
bei Muenche (DE).

Agent: ILLINGWORTH-LAW, William; General Elec-
tric International, The Ark, 201 Talgarth Road, Hammer-
smith London W6 8BJ (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 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, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: FAN-COOLED ELECTRICAL MACHINE WITH AXIAL THRUST COMPENSATION

(57) Abstract: A rotating machinery equipment is disclosed, comprising a rotating electrical machine having a stator (1) and a rotat-
ing shaft (7), whereon a rotor (11) is mounted. The machinery equipment further comprises a cooling fan (23) comprised of a rotat -
ing impeller (33) mounted on the rotating shaft (7) for co-rotation therewith. Cooling gas passages (45, 47) are provided for deliver -
ing compressed cooling gas through the stator and rotor. The cooling gas is delivered by the impeller (33) into a cooling-gas distri-
bution chamber (31). The pressure of the cooling gas in the cooling-gas distribution chamber generates an axial force balancing the
axial thrust generated on the electrical machine by the cooling gas flow.



10

15

20

25

WO 2015/032510 PCT/EP2014/054313

FAN-COOLED ELECTRICAL MACHINE WITH AXIAL THRUST
COMPENSATION

DESCRIPTION
TECHNICAL FIELD

The present disclosure relates to rotating machines and in particular to rotating
electrical machines. Some embodiments of the present disclosure relate to rotating
machinery equipment including a rotating electrical machine and a turbomachine

drivingly connecting thereto.
BACGROUND ART

Electrical machines are often used as prime movers connected to a driven equipment,
such as a compressor or a pump. Electrical machines are also used as generators,
drivingly connected to a prime mover, such as an internal combustion engine, for

example a gas turbine or a reciprocating internal combustion engine.

Electrical machines are sometimes provided with a cooling fan mounted on the shaft
thereof, for the generation of a flow of cooling fluid, such as typically a flow of
cooling gas. In some known arrangements, electrical motors used as prime movers for
turbo-compressors use the same gas processed by the turbo-compressor as cooling

medium.

In a high-speed clectrical machine there is typically a need to provide a significant
flow of cooling gas to maintain the desired low temperature level in the rotor and
stator of the electrical machine. In order to overcome the resistance to the cooling gas
flow, the cooling fan supported on the shaft of an electrical machine is required to
deliver a significant pressure on one end of the electrical machine. The pressure
difference thus created along the rotor of the electrical machine results in axial force
acting on the rotor of the electrical machine in the direction of the cooling flow,
towards the end of the electrical machine opposite the cooling fan, i.e. towards the

driven/driving machine connected to the electrical machine. The axial force generated
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by the cooling flow pressure may become very significant and requires a special thrust

compensating device to be used.

Even if a powerful axial thrust compensation device, such as an axial bearing, is
located in the machinery connected to the electrical rotating machine to compensate
for its own axial force and is capable to compensate the additional force created in the
connected electrical machine via the cooling gas flow, still the axial force of the
cooling flow on the electrical machine rotor and shaft would make it difficult to select
a flexible coupling to connect the shaft of the electrical machine with the shaft of the

driven or driving machinery, which is often critical for high speed applications.

There is therefore a need for a different approach to the problem of compensating the
axial thrust generated on the shaft of a rotating electrical machine generated by the

flow of cooling gas provided by a cooling fan arranged on the electrical machine.

A reference herein to a patent document or any other matter identified as prior art, is
not to be taken as an admission that the document or other matter was known or that
the information it contains was part of the common general knowledge as at the

priority date of any of the claims.
SUMMARY OF THE INVENTION

To reduce the axial thrust generated by the cooling gas pressure, a cooling-gas
distribution chamber can be combined with the cooling fan. Cooling gas is delivered
by a cooling fan in the cooling-gas distribution chamber at elevated pressure and
therefrom distributed towards the electrical machine, e.g. through the gap between the
rotor and the stator. The elevated gas pressure in the cooling-gas distribution chamber
generates an axial force on the shaft of the electrical machine, which counteracts the
axial thrust generated by the cooling-gas pressure on the rotor of the electrical
machine. The axial force is oriented generally opposite the cooling-gas flow through

the electrical machine.

According to one aspect, there is provided a rotating machinery equipment including a

rotating electrical machine comprising a stator, a rotating shaft and a rotor mounted
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on the rotating shaft and rotating therewith. The rotating machinery equipment further
includes a cooling fan comprised of a rotating impeller having a gas inlet and a gas
outlet and mounted at a first end of the rotating shaft and rotating therewith, and cool-
ing gas passages for delivering compressed cooling gas through the stator and rotor.
The cooling fan is arranged for accelerating a cooling gas flow in the impeller and in-
creasing a static pressure of the cooling gas from the inlet to the outlet of the impeller.
A diffuser is arranged between the impeller outlet and a cooling-gas distribution
chamber for slowing down the cooling gas flow and increasing the static pressure
thereof. The cooling-gas distribution chamber is provided between the cooling fan and
the stator and rotor. The cooling-gas distribution chamber is in fluid communication
with the cooling fan and with the cooling gas passages. Compressed cooling gas de-
livered by the cooling fan is received in the cooling-gas distribution chamber and dis-
tributed therefrom to the cooling gas passages. The cooling fan is provided with a
thrust surface facing the stator and rotor, such that gas pressure in the cooling-gas dis-
tribution chamber acting on the thrust surface generates an axial force on the rotating
shaft. The axial force is oriented in a direction opposite the cooling gas flow through

the stator and rotor.

In some embodiments, the thrust surface generates a balancing axial force on the ro-
tating shaft. The thrust surface can be formed by the impeller of the cooling fan itself,
or by a thrust disk added thereto. Since the pressure in the cooling-gas distribution
chamber is higher than the pressure at the inlet of the cooling fan, an axial thrust may
be applied on the shaft whereon the rotor and the cooling fan are mounted. The axial
thrust generated by the pressurized cooling gas in the cooling-gas distribution cham-
ber may be oriented in a direction generally opposite the flow direction of the cooling
gas through the rotor-stator arrangement of the electrical machine, so that said axial
force opposes the thrust generated by the flow of pressurized cooling gas flowing

through the rotor-stator arrangement.

The compressed cooling gas received in the cooling-gas distribution chamber can
entirely or partly flow through the gap between the rotor and the stator. In some
embodiments, the cooling gas can be used to remove heat from additional
components, elements or parts of the rotating equipment. A cooling gas flow can be

used for instance for bearing ventilation. This is particularly useful in case of

3
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electromagnetic bearings. The cooling gas can be used also for cooling components of
an additional machinery drivingly connected to the electrical machine, for example a
compressor, when the electrical machine operates as an electrical motor, or a prime

mover, if the electrical machine operates as a generator.

According to a further aspect, the present invention provides a method for reducing an
axial thrust on a rotating machinery equipment including a rotating electrical machine
having a stator, a rotating shaft, a rotor mounted on the rotating shaft and rotating
therewith, and a cooling fan arranged for generating a pressurized cooling gas flow
across a gap between the rotor and the stator, wherein the cooling fan is comprised of
a rotating impeller having an impeller inlet and an impeller outlet and arranged on the
rotating shaft. The method comprises the steps of accelerating a cooling gas flow in
the impeller and increasing a static pressure of the cooling gas from the inlet to the
outlet of the impeller, slowing down the cooling gas flow and increasing the static
pressure thereof through a diffuser arranged between the impeller outlet and a cool-
ing-gas distribution chamber, building up a gas pressure by receiving the cooling gas
in the cooling-gas distribution chamber, and generating an axial force acting upon the
shaft by means of the cooling gas pressure, the axial force being oriented in a direc-
tion opposite the flow direction of the cooling gas through the gap between the rotor

and the stator.

According to another aspect, the present invention provides a method for reducing an
axial thrust on a rotating machinery equipment including a rotating electrical machine
having a stator, a rotating shaft, and a rotor mounted on the rotating shaft and rotating
therewith. The method comprises the following steps: providing a cooling fan com-
prised of a rotating impeller having an impeller inlet and an impeller outlet and ar-
ranged on the rotating shaft; accelerating a cooling gas flow in the impeller and in-
creasing a static pressure of the cooling gas from the inlet to the outlet of the impeller;
slowing down the cooling gas flow and increasing the static pressure thereof through a
diffuser arranged between the impeller outlet and a cooling-gas distribution chamber;
rotating the impeller and delivering compressed cooling gas in the cooling-gas distri-
bution chamber; delivering cooling gas in a cooling-gas flow direction from the cool-

ing-gas distribution chamber towards the rotor and stator; and generating a
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balancing axial force by means of the compressed cooling gas in the cooling-gas dis-
tribution chamber, the balancing axial force acting on the shaft in a direction opposite

a cooling-gas flow direction.

Features and embodiments are disclosed here below and are further set forth in the

appended claims, which form an integral part of the present description. The above
brief description sets forth features of the various embodiments of the present
invention in order that the detailed description that follows may be better understood
and in order that the present contributions to the art may be better appreciated. There
are, of course, other features of the invention that will be described hereinafter and
which will be set forth in the appended claims. In this respect, before explaining
several embodiments of the invention in detail, it is understood that the various
embodiments of the invention are not limited in their application to the details of the
construction and to the arrangements of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced and carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein are for the purpose

of description and should not be regarded as limiting.

As such, those skilled in the art will appreciate that the conception, upon which the
disclosure is based, may readily be utilized as a basis for designing other structures,
methods, and/or systems for carrying out the several purposes of the present
invention. It is important, therefore, that the claims be regarded as including such
equivalent constructions insofar as they do not depart from the spirit and scope of the

present invention.

Where any or all of the terms "comprise", "comprises"”, "comprised” or "comprising"
are used in this specification (including the claims) they are to be interpreted as
specifying the presence of the stated features, integers, steps or components, but not

precluding the presence of one or more other features, integers, steps or components.
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the disclosed embodiments of the invention and
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many of the attendant advantages thereof will be readily obtained as the same
becomes better understood by reference to the following detailed description when

considered in connection with the accompanying drawings, wherein:

Fig. 1 illustrates a schematic representation of an integrated electrical motor and

compressor arrangement; and

Figs. 2 to 5 illustrate schematic sectional views of a cooling-gas distribution chamber
arranged behind the cooling fan of the electrical machine according to different

embodiments.
DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

The following detailed description of the exemplary embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. Additionally, the drawings are not necessarily drawn to
scale. Also, the following detailed description does not limit the invention. Instead,

the scope of the invention is defined by the appended claims.

Reference throughout the specification to "one embodiment” or "an embodiment” or
“some embodiments” means that the particular feature, structure or characteristic
described in connection with an embodiment is included in at least one embodiment
of the subject matter disclosed. Thus, the appearance of the phrase "in one
embodiment” or "in an embodiment” or "in some embodiments" in various places
throughout the specification is not necessarily referring to the same embodiment(s).
Further, the particular features, structures or characteristics may be combined in any

suitable manner in one or more embodiments.

According to some embodiments, as will be described in greater detail referring to
Figs. 1-5, the thrust compensation arrangement disclosed herein can be embodied in a
motor-compressor equipment, comprised of an electrical motor drivingly connected to
a compressor, for example a turbo-compressor, such as a centrifugal turbo-
compressor. It shall however be understood that the teaching of the present

disclosure can also be applied to other kinds of equipment, for example where the
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electrical rotating machine operates as a generator, rather than as a motor, and is
driven into rotation by a prime mover, such as an internal combustion engine, for

example a gas turbine.

Turning now to the embodiments illustrated in the drawings, in some embodiments, as
shown schematically in the section of Fig. 1, an equipment 1 is provided, comprised
of an outer casing 2 housing an electrical motor 3 and a driven load, such as a turbo-

compressor 3.

The electrical motor 3 includes an axial shaft 7. The shaft 7 can be supported by
bearings, such as end bearings 9A and 9B. In some embodiments the bearings 9A, 9B
can comprise rolling bearings. In other embodiments magnetic bearings can be used.
In some further embodiments fluid-dynamic, fluid-static, gas or air bearings can be
envisaged. Combinations of different bearings can also be provided. Bearings having
a thrust supporting capability can also be used, e¢.g. in combination with radial

bearings.

Between the bearings 9A, 9B a rotor 11 can be mounted on the shaft 7 for rotation
therewith. A stator 13 is arranged coaxially and around the rotor 11 and is stationarily
supported in the casing 2. A gap 15, here below named “air gap”, is formed between

the rotor 11 and the stator 13.

The shaft 7 of the electrical motor 3 can be mechanically connected to an axial shaft
17 of the turbo-compressor 5 through a suitable coupling 19 arranged between the
electrical motor 3 and the turbo-compressor 5. In some embodiments the coupling 19
can be a flexible shaft coupling with low axial load capacity. The shafts 7 and 17
form, together with the shaft coupling, the shafting of the rotating machinery. In some
embodiments, not shown, a single shaft can be provided, having no shaft coupling

there along.

The turbo-compressor 5 can be a multistage turbo-compressor including two or more
impellers 5C mounted on the shaft 17 and driven into rotation by the electrical motor

3 through the flexible shaft coupling 19.
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According to some embodiments, the turbo-compressor 5 and the electrical motor 3
can be housed in one and the same enclosure, as schematically shown in Fig.1, where
the enclosure is schematically represented by the housing 2. In other embodiments,
the electrical machine and the turbomachine can be housed in different enclosures, a
shafting extending from one enclosure to the other for the transmission of mechanical

power.

The shaft 17 of the turbo-compressor 5 can be supported by respective bearings. In
some embodiments thrust bearings and radial bearings are provided. For instance, end
bearings 19A and 19B can be arranged at opposite ends of the shaft 17. In some
embodiments an axial bearing or thrust bearing 21 is located in a suitable position
along the shaft 17, for example between the turbo-compressor 5 and the radial bearing

19B opposite the coupling 19, i.c. opposite the driven end of the turbo-compressor 5.

The axial thrust bearing 21 can be a roller bearing, a fluid-dynamic, fluid-static, gas or
air bearing. In other embodiments the axial thrust bearing 21 can be a magnetic or an
electromagnetic bearing. Radial bearings 19A, 19B can also be magnetic or electro-
magnetic bearings, roller bearings, fluid-dynamic, fluid-static, gas or air bearings, or

combinations thereof,

The electrical motor 3 can be provided with a cooling fan 23. The cooling fan 23 can
be mounted on the shaft 7 of the electrical motor 3 for co-rotation therewith. If a
single shaft or shafting for both the electrical motor 3 and the turbo-compressor 5 is

provided, the cooling fan 23 can be mounted on such single shaft.

The cooling fan 23 can be arranged at the end of the shaft 7 opposite the
turbomachine, i.e. the turbo-compressor 5 in this embodiment. If a coupling 19 is
provided, the cooling fan 23 can be arranged opposite the coupling 19 with respect to
the electrical machine, i.e. the cooling fan 23 and the coupling 19 are arranged at

opposite sides of the stator-rotor arrangement 13, 11.

In some embodiments the cooling fan 23 can be comprised of one axial-radial
impeller a shown in Figs. 2 through 5. Alternatively, the cooling fan 23 could

comprise more than one axial-radial impellers (not shown).

7
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The cooling fan generates a flow F of a cooling medium, such as a cooling gas, which
is delivered through the electrical motor 3 and specifically through the air gap 15
between the stator 13 and the rotor 11. The cooling medium flow F can also be used

for cooling the bearings 9A, 9B supporting the shaft 7 of the rotor 11.

The cooling fan 23 boosts the pressure of the cooling gas to values sufficient to
overcome the hydraulic resistance to the cooling gas flow generated through the

cooling gas passages and in particular through the air gap 15.

In some embodiments the gas processed by the compressor 5 can be used as a cooling
gas. In such case the cooling gas is diverted from the main gas supply of the turbo-
compressor to the cooling fan 23. In some embodiments, the process gas is supplied to
a compressor inlet or suction side 5A through a compressor suction line 25. The gas
processed by the compressor 5 is then delivered at the final pressure through a gas
delivery output 5B of compressor 5. A side duct 27 can be provided, to divert a
fraction of the main gas flow towards an inlet 23A of the cooling fan 23, so that the

process gas can be used for cooling the electrical motor 3.

The cooling gas flow F flows through the electrical motor 3 and cools the stator-rotor
arrangement by flowing through the air gap 15. As mentioned above, in some
embodiments the cooling gas flow F can also be used to cool the bearings 9A, 9B of
the electrical motor 3. This is particularly useful when electromagnetic bearings are
used. The flow of preheated cooling gas is further directed to a return duct 29 towards
the suction line 25. In other embodiments, not shown, a cooling medium different
from the process gas can be used. For instance, ambient air can be used for cooling
the electrical motor 3. In some embodiments the exhaust cooling medium can be

discharged in the atmosphere, ¢.g. when air is used as cooling gas.

In order to overcome the hydraulic resistance to the cooling gas flow through the
cooling gas path across the electrical motor 3, in particular through the air gap 15, the
cooling fan 23 boosts the pressure of the cooling gas at a substantially high value so
that a significant pressure is applied on one end of the electrical motor 3. The pressure
difference thus created along the rotor of the electrical motor 3 results in an axial
force acting on the rotor in the direction of the cooling flow towards the coupling 19,

8
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1.e. according to arrow fr in Fig. 1. In some exemplary embodiments, arrangements
are provided for compensating or reducing the axial thrust generated by the cooling

gas flow on rotor 11 and shaft 7 of the electrical motor 3.

Fig. 2 illustrates a schematic section along a plane containing the rotation axis A-A of

the cooling fan 23 and of a cooling-gas distribution chamber 31 combined thereto.

As shown in Fig. 2 an impeller 33 of the cooling fan 23 can be mounted in an
overhung arrangement at one end 7A of the shaft 7 of the electrical motor 3. The
impeller 33 can have a substantially axial inlet 33A and a substantially radial outlet
33B. The cooling gas flow F is delivered at the inlet 33A of the impeller 33 through
an inlet manifold 34. In some embodiments, the inlet manifold 34 may have a
gradually decreasing cross-section, so that the cooling gas flow F is gradually
accelerated along the inlet manifold 34 with its static pressure decreasing from the

manifold inlet towards the impeller inlet, as a result of the flow acceleration.

The cooling gas flow is then processed through the impeller 33 which accelerates the
cooling gas flow to a high velocity, while increasing its static pressure until the
impeller outlet 33B. A stationary diffuser 35 is arranged around the impeller 33 for
guiding the compressed cooling gas from the impeller 33 to the cooling-gas
distribution chamber 31. In some embodiments stationary diffuser blades 37 can be

arranged in the stationary diffuser 35.

The cooling gas flow exiting the impeller 33 is slowed down along the stationary
diffuser 35 and while flowing through the diffuser blades 37, due to the increasing
cross sectional area. The static pressure of the gas flow increases correspondingly.

The cooling gas flow is then received in the cooling-gas distribution chamber 31.

The cooling-gas distribution chamber 31 can extend annularly around the shaft 7 and
can be scaled against said shaft by means of a suitable sealing arrangement 39. In
some embodiments the sealing arrangement 39 can include a non-contact sealing
arrangement, such as a labyrinth seal. The cooling-gas distribution chamber 31 is also
scaled against the impeller 33. A further sealing arrangement 41 can be provided for

that purpose co-acting with a stationary component of the cooling-gas distribution

9
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chamber 31. Non-contact sealing members such as a labyrinth seal can be used as the

sealing arrangement 41.

A further non-contact sealing arrangement 43, such as a labyrinth seal, can be

provided between a shroud 33C of the impeller 33 and the inlet manifold 34.

The cooling gas received in the cooling-gas distribution chamber 31 is then delivered
through ports schematically shown at 45, 47 to the electrical motor 3, for example to
the air gap 15 between the rotor 11 and the stator 13 and/or through the bearings 9A,
9B.

When the inlet manifold 34 has a cross section decreasing in the direction of the
cooling gas flow, the cooling gas flow entering the inlet manifold 34 is accelerated so
that the static pressure of the cooling gas decreases from an inlet value P1 to a lower
value P2 at the inlet 33A of the impeller 33. The static pressure at the exit of the
impeller 33 is increased at a static pressure value P3 due to the effect of the blading of
the impeller 33 on the gas flow. The static pressure of the cooling gas is then further
increased while the gas flows through the stationary diffuser 35 and the diffuser
blades 37 to a static pressure P4. The gas flow exits the diffuser blades 37 at low
velocity and enters the sealed cooling-gas distribution chamber 31, where the static
pressure thereof further increases up to P5 due to partial pressure recovery after the
diffuser, so that the pressure P5 in the cooling-gas distribution chamber 31 is slightly
higher than the exit pressure P4 at the outlet of the diffuser 35.

The pressure P5 in the cooling-gas distribution chamber 31 is therefore substantially
higher than the pressure P2 acting on the opposite side of the impeller 33. The
difference between the two pressure values generates an axial force schematically
represented by arrow AT acting upon the impeller 33 and therefore upon the shaft 7
whereon the impeller 33 is mounted. The axial force AT is oriented in a direction
opposite the thrust fr generated by the cooling gas flow when flowing through the
stator-rotor arrangement of the electric machine 3. The two axial thrusts are therefore

at least partly compensated.

10
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The impeller 33 serves as a thrust disk on the rotor 11 of the electrical motor 3 and
creates an axial force in a direction opposite the flow of the cooling gas. The
increasing inlet velocity along the inlet manifold 34 serves to increase the axial force
or axial thrust AT for the same exit pressure P4 at the outlet of the diffuser 37 and for
the same static pressure P5 in the cooling-gas distribution chamber 31 due to the
increased differential pressure across the impeller 33. Increasing the diameter D33 of
the back-side of the impeller 33 would also increase the axial force AT due to the

increased area on the impeller disk 33 where the pressure differential is applied.

Fig. 3 illustrates a further embodiment of the impeller and relevant cooling-gas
distribution chamber 31. The same reference numbers designate the same or
corresponding components, parts or elements as in Fig. 2. These elements will not be

described again.

In the embodiment of Fig. 3, a thrust disk 51 is added to the impeller 33 and placed on
the back thereof, i.c. against surface of the impeller 33 facing the rotor-stator ar-
rangement 11-13 of the electrical motor. 3. The thrust disk 51 can be mounted for

co-rotation with the impeller 33 on the shaft 7.

The thrust disk 51 can be provided with non-contact sealing arrangement 41, e.g.
co-acting with a stationary component of the cooling-gas distribution chamber 31, for
sealing the cooling-gas distribution chamber 31 against the rotating arrangement
formed by the thrust disk 51 and the impeller 33. The thrust disk 51 is provided with a
thrust surface 518 facing the interior of the cooling-gas distribution chamber 31, upon
which the static pressure P5 is applied. The diameter D51 of the thrust disk 51 can be
substantially larger than the diameter D33 of the impeller 33 so that a larger axial
force AT is applied on the shaft 7.

Fig. 4 schematically illustrates a further embodiment of the subject matter disclosed
herein. The same reference numbers designate the same or similar components or
clements as already disclosed in connection with Figs. 2 and 3. In the embodiment of
Fig. 4 the diameter of the shaft 7 under the non-contact sealing arrangement 39 has

been reduced so that an additional thrust surface 7S is formed by a shoulder of the

11
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shaft 7. The end 7A of the shaft 7 can have a diameter D7A which is larger than the

diameter D7 of the shaft portion extending through the sealing arrangement 39.

The total thrust action generated by the pressure differential between the cooling-gas

distribution chamber 31 and the inlet 33A of the impeller 33 is thus increased.

Fig. 5 illustrates a further embodiment of the subject matter disclosed herein. The
same reference numbers designate the same or the similar components or elements as
in the previously disclosed embodiments. These components will not be described

again.

In the embodiment of Fig. 5 the shaft 7 is hollow as shown at 7H. A flow rate of
cooling gas can be released from the cooling-gas distribution chamber 31 and
discharged through the shaft hole 7H providing cooling of the shaft. The cooling gas
flow entering the shaft hole 7H can be distributed towards the rotor magnets or
winding and delivered to the drive end, i.e. towards the end facing the compressor 5,
for cooling other components mounted in that area of the electric motor. One or more
ports 61 can be provided between the outer surface and the inner hole 7H of the shaft
7 for fluidly connecting the cooling-gas distribution chamber 31 with the axial hole

7H of the shaft 7.

In the various embodiments described so far the sealing arrangements 41 and 43 are
represented as rotating sealing members acting against a stationary surface. A reverse
arrangement can clearly be provided instead, with sealing members on the stationary
side and smooth or toothed matching surfaces on the rotating components. Various
designs of the labyrinth seal can be used, including straight labyrinth seals, stepped

labyrinths and other applicable configurations.

While the disclosed embodiments of the subject matter described herein have been
shown in the drawings and fully described above with particularity and detail in
connection with several exemplary embodiments, it will be apparent to those of
ordinary skill in the art that many modifications, changes, and omissions are possible
without materially departing from the novel teachings, the principles and concepts set

forth herein, and advantages of the subject matter recited in the appended claims.
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Hence, the proper scope of the disclosed innovations should be determined only by
the broadest interpretation of the appended claims so as to encompass all such
modifications, changes, and omissions. In addition, the order or sequence of any
process or method steps may be varied or re-sequenced according to alternative

embodiments.
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The claims defining the invention are as follows:

1. A rotating machinery equipment including a rotating electrical machine com-
prising:

a stator;

a rotating shatft;

a rotor mounted on said rotating shaft and rotating therewith;

a cooling fan comprised of a rotating impeller having a gas inlet and a gas out-
let and mounted at a first end of said rotating shaft and rotating therewith, wherein the
cooling fan is arranged for accelerating a cooling gas flow in the impeller and increas-
ing a static pressure of the cooling gas from the inlet to the outlet of the impeller, and
wherein a diffuser is arranged between the impeller outlet and a cooling-gas distribu-
tion chamber for slowing down the cooling gas flow and increasing the static pressure
thereof; and

cooling gas passages for delivering compressed cooling gas through the stator
and rotor;

wherein the cooling-gas distribution chamber is provided between the cooling
fan and the stator and rotor, in fluid communication with said cooling fan and said
cooling gas passages, compressed cooling gas delivered by said cooling fan being re-
ceived in the cooling-gas distribution chamber and distributed therefrom to said cool-
ing gas passages; and

wherein the cooling fan is provided with a thrust surface facing the stator and
rotor, gas pressure in the cooling-gas distribution chamber acting on said thrust sur-
face, generating an axial force on said rotating shaft, said axial force being oriented in

a direction opposite the cooling gas flow through the stator and rotor.

2. The equipment of claim 1, further comprising a turbomachine drivingly con-

nected to a second end of said rotating shaft.

3. The equipment of claim 2, wherein a load coupling is arranged between the

electrical machine and the turbomachine.

4. The equipment of claim 3, wherein the load coupling comprises a
flexible shaft coupling.
14
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5. The equipment according to any one of claims 2 to 4, wherein said electrical

machine and said turbomachine are housed in a common enclosure.

6. The equipment according to any one of claims 2 to 4, wherein said electrical

machine and said turbomachine are housed in separate enclosures.

7. The equipment according to any one of the preceding claims, wherein the dif-

fuser is a stationary diffuser at the gas outlet of said impeller.

8. The equipment of any one of the preceding claims, further comprising an inlet
manifold, through which cooling gas enters the gas inlet of the impeller, and wherein

the inlet manifold has a cross section which decreases along flow direction.

9. The equipment of any one of the preceding claims, further comprising a thrust
disk integrally rotating with said impeller, said thrust surface being

located on the thrust disk.

10. The equipment of claim 9, wherein the thrust disk has an outer diameter larger

than an outer diameter of the impeller.

11.  The equipment of claim 9 or 10, further comprising a seal between an outer
peripheral edge of the thrust disk and a stationary component of the cooling-gas dis-

tribution chamber.

12.  The equipment of any one of the preceding claims, further comprising a seal
between an outer peripheral edge of said impeller and a stationary component of the

cooling-gas distribution chamber.

13. The equipment of claim 11 or 12, wherein the seal is a non-contact seal.

14. The equipment of any one of claims 11 to 13, wherein the seal is a labyrinth
seal.

15.  The equipment of any one of the preceding claims, wherein said rotating shaft

has a larger-diameter end portion, whereon the impeller is keyed, and a smaller di-

ameter portion co-acting with a sealing arrangement, which seals the cooling-gas dis-
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tribution chamber against the rotating shaft, and wherein an annular shoulder between
the smaller diameter portion and the larger diameter portion forms an auxiliary thrust

surface, whereon the gas pressure in the cooling-gas distribution chamber acts.

16. A method for reducing an axial thrust on a rotating machinery equipment
including a rotating electrical machine having a stator, a rotating shaft, a
rotor mounted on said rotating shaft and rotating therewith, and a cooling fan arranged
for generating a pressurized cooling gas flow across a gap between the rotor and the
stator, wherein the cooling fan is comprised of a rotating impeller having an impeller
inlet and an impeller outlet and arranged on the rotating shaft; said method comprising
the steps of:

accelerating a cooling gas flow in said impeller and increasing a static pressure
of the cooling gas from the inlet to the outlet of the impeller;

slowing down the cooling gas flow and increasing the static pressure thereof
through a diffuser arranged between the impeller outlet and a cooling-gas distribution
chamber;

building up a gas pressure by receiving the cooling gas in the cooling-gas dis-
tribution chamber; and

generating an axial force acting upon the shaft by means of the cooling gas
pressure, the axial force being oriented in a direction opposite the flow direction of the

cooling gas through the gap between the rotor and the stator.

17. A method for reducing an axial thrust on a rotating machinery equipment in-
cluding a rotating electrical machine having a stator, a rotating shaft, and a rotor
mounted on said rotating shaft and rotating therewith; said method comprising the
steps of’

providing a cooling fan comprised of a rotating impeller having an impeller
inlet and an impeller outlet and arranged on the rotating shaft;

accelerating a cooling gas flow in said impeller and increasing a static pres-
sure of the cooling gas from the inlet to the outlet of the impeller;

slowing down the cooling gas flow and increasing the static pressure thereof
through a diffuser arranged between the impeller outlet and a cooling-gas distribution

chamber;
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rotating said impeller and delivering compressed cooling gas in the
cooling-gas distribution chamber;

delivering cooling gas in a cooling-gas flow direction from said cooling-gas
distribution chamber towards said rotor and stator; and

generating a balancing axial force by means of said compressed cooling gas
in said cooling-gas distribution chamber, said balancing axial force acting on said

shaft in a direction opposite a cooling-gas flow direction.

18.  The method of claim 16 or 17, wherein the rotating machinery equipment fur-
ther comprises a turbomachine connected to said electrical machine, and wherein the

fan is mounted on the rotating shaft opposite said turbomachine.

19.  The method of claim 18, wherein said turbomachine is connected through a

load coupling to said electrical machine.

20. The method of any one of claims 16 to 19, further comprising the step of re-
covering gas pressure downstream of said diffuser to increase the static pressure
thereof in said cooling-gas distribution chamber above the static pressure of the cool-

ing gas at an outlet of said diffuser.
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