wo 2024/194739 A1 |0 0000 KOO0 00O 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
26 September 2024 (26.09.2024)

(10) International Publication Number

WO 2024/194739 Al

WIPO I PCT

(51) International Patent Classification:

F04D 17/10 (2006.01) F04D 29/66 (2006.01)
F04D 25/06 (2006.01) HO2K 5/24 (2006.01)
F04D 29/42 (2006.01)

(21) International Application Number:
PCT/IB2024/052363

(22) International Filing Date:
12 March 2024 (12.03.2024)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

2303993.6 20 March 2023 (20.03.2023) GB

(71) Applicant: DYSON TECHNOLOGY LIMITED [GB/G-
B]; Tetbury Hill, Malmesbury Wiltshire SN16 ORP (GB).

(72) Inventors: TEBBUTT, James; c/o Dyson Technology
Limited, Tetbury Hill, Malmesbury Wiltshire SN16 ORP
(GB). TUROFF, Leo; c/o Dyson Technology Limited, Tet-
bury Hill, Malmesbury Wiltshire SN16 ORP (GB). BAN-
WELL, Guy; c/o0 Dyson Technology Limited, Tetbury Hill,
Malmesbury Wiltshire SN16 ORP (GB). RUIJTER, Lasz-
lo; c/o Dyson Technology Limited, Tetbury Hill, Malmes-
bury Wiltshire SN16 ORP (GB).

(74) Agent: SCHIAVONE, Christina et al.; Intellectual Prop-
erty Department, Dyson Technology Limited, Tetbury Hill,
Malmesbury Wiltshire SN16 ORP (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ,DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, 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, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
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, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

(54) Title: A TURBOMACHINE ASSEMBLY

(57) Abstract: A turbomachine assembly 10 comprising a turbo-
machine 11 comprising a motor 15, an impeller 16 driven by the
motor 15 to rotate about a rotational axis 18, and a tutbomachine
housing 24 that houses the motor 15 and the impeller 16. The
turbomachine assembly 10 also includes a tuned mass damper
13, 14 comprising an elastic member 27, 31 mounting a mass
28, 32 to the turbomachine housing 24, a centre of mass of the
tuned mass damper 13, 14 being substantially aligned with the
rotational axis 18 of the impeller 16. Also disclosed is a device
including the turbomachine assembly and a method of forming
the compressor assembly.

[Continued on next page]



WO 2024/194739 A | [IN 1]} 00 000000 PO

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2024/194739 PCT/1IB2024/052363

A TURBOMACHINE ASSEMBLY

BACKGROUND

Many devices use turbomachines, such as fans, blowers or compressors, to transfer energy
to a fluid (e.g. air). For example, such turbomachines may be present in consumer devices
such as fans, heaters, humidifiers, and air purifiers. Typically, such turbomachines include
a turbomachine housing that houses a motor that rotates an impeller to drive fluid along a

fluid flow path (e.g. along a passage defined within the housing).

SUMMARY

In a first aspect there is disclosed a turbomachine assembly comprising:

a turbomachine comprising a motor, an impeller driven by the motor to rotate about
a rotational axis, and a turbomachine housing that houses the motor and the

impeller; and

a tuned mass damper comprising an elastic member mounting a mass to the
turbomachine housing, a centre of mass of the tuned mass damper being

substantially aligned with the rotational axis of the impeller.

One consequence of the rotation of the components of a turbomachine (and their
interaction with a fluid) is the generation of vibrations, which can manifest as noise. One
source of such noise is structure-borne noise. This originates from rotation of the motor
and/or impeller at particular rotational speeds, which excite structural resonances (modes)
in the turbomachine so as to cause significant vibration of the turbomachine. These
vibrations radiate into the air surrounding the turbomachine (or a device in which the
turbomachine is mounted) and are perceived as noise by a user. Such noise can be
particularly undesirable when the turbomachine is mounted within a consumer product (i.e.
where such noise can be particularly detrimental to the experience of a user using the

product).

It has been found that mounting a tuned mass damper to the housing of the turbomachine
can reduce the noise (e.g., measured as average sound pressure level (SPL)) generated by

the turbomachine at a given rotational speed (or at given rotational speeds) of the
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turbomachine. This reduces the noise generated by a device (in operation) in which the

turbomachine is provided, to improve the experience of a user using the device.

Aligning the tuned mass damper on the rotational axis of the impeller can help to avoid the
tuned mass damper introducing an imbalance to the turbomachine (which could be

detrimental to noise reduction and, in some cases, performance of the turbomachine).

The tuned mass damper may be configured to reduce the amplitude of vibration of the
turbomachine, in use, at a frequency that corresponds to a resonant frequency of the
turbomachine. The resonant frequency may be a frequency that is excited by rotation of
the motor (i.e., at a rotational speed that occurs in normal operation of the motor). In this
way, the tuned mass damper may reduce the structure-borne noise generated when the
turbomachine is operated at one or more rotational speeds that excite resonances of the
turbomachine. Where the turbomachine assembly is mounted within a device, a secondary
effect of suppressing structure-borne noise may be that transmission of the vibrations to the

device can be reduced.

The cross-sectional shape of the mass, taken perpendicular to the rotational axis of the
impeller, may be circular or annular (or any other suitable shape). This may avoid or
reduce (in-use) imbalance of the turbomachine which could be introduced by a non-

circular or non-annular cross-sectional shape.

A cross-sectional shape of the elastic member, taken perpendicular to rotational axis of the
impeller, may be annular. Again, this may avoid or reduce (in-use) imbalance of the
turbomachine which could be introduced by a non-circular or non-annular cross-sectional

shape.

The mass may be of greater mass than the elastic member. The elastic member may have
greater elasticity than the mass. The mass may be formed of steel. The elastic member

may be formed of polyurethane.
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The elastic member may space the mass from the turbomachine housing. That is, the
mounting of the tuned mass damper may be such that the mass is spaced from (and may

thus not contact) the turbomachine housing.

The tuned mass damper may be mounted to an external surface of the turbomachine
housing. The tuned mass damper may be mounted to the turbomachine so as to be

externally accessible.

In use, the impeller may be configured to move air from an upstream end of the
turbomachine to a downstream end of the turbomachine. The turbomachine may comprise
an inlet at or towards the upstream end and may comprise an outlet at or towards the
downstream end. The tuned mass damper may be mounted at the downstream end of the

turbomachine (e.g., in proximity to the outlet).

The turbomachine may comprise an airflow passage extending from the inlet to the outlet.
The turbomachine housing may define the airflow passage. Air may be driven along the
passage by rotation of the impeller. The passage may be defined by the turbomachine
housing. The passage may be annular. The passage may reduce in cross-sectional area in
a direction from the inlet to the outlet (i.e., may have a smaller cross-sectional area at the
outlet than the inlet). When annular, the passage may diverge from the inlet to the outlet

(i.e., a radius of the annulus of the passage being greater at the outlet than the inlet).

The passage (when annular) may circumferentially surround the tuned mass damper. For
example, the tuned mass damper may be disposed in a cavity defined within the annulus of

the annular passage.

The motor may be disposed between the tuned mass damper and the impeller. In other
words, the tuned mass damper may be on an opposite side of the motor to the impeller.

The tuned mass damper may be positioned adjacent to the motor.

The tuned mass damper may be a first tuned mass damper. The elastic member may be a

first elastic member and the mass may be a first mass. The turbomachine assembly may
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further comprise a second tuned mass damper. The second tuned mass damper may
comprise a second elastic member mounting a second mass to the turbomachine housing.
Providing a second tuned mass damper may provide a further reduction in the noise
generated by the turbomachine in use. For example, the first tuned mass damper may be
tuned to reduce the amplitude of vibration of the turbomachine in use at first frequency and
the second tuned mass damper may be tuned to reduce the amplitude of vibration of the

turbomachine in use at a second frequency that is different to the first frequency.

The first frequency may, for example, correspond to a resonant frequency of the
turbomachine, excited at a first rotational speed of the motor. The second frequency may,
for example, correspond to a resonant frequency of the turbomachine, excited at a second
rotational speed (different to the first rotational speed). Thus, vibration amplitudes may be
reduced at two frequencies, or at two different frequency ranges (which correspond to two
different rotational speeds of the motor). The first and second frequencies may be resonant
frequencies of the turbomachine. Each of the first and second tuned mass damper may
have a cross-sectional shape that has axial symmetry about the rotational axis of the
impeller. Each of the first and second tuned mass dampers may have an annular cross-
sectional shape (although in other embodiments the first and second tuned mass dampers

may take other suitable shapes).

The first and second tuned mass dampers may be arranged concentrically with respect to
one another. In this way, both the first and second tuned mass dampers may be arranged
such that their centres of mass are aligned with the rotational axis of the impeller. This
may ensure that neither tuned mass damper creates an imbalance during operation of the

turbomachine.

The turbomachine assembly may comprise a rigid mounting element mounting the first and
second tuned mass dampers to the turbomachine housing. In this way, the first and second
tuned mass dampers may be provided as a package (i.e., when mounted to the rigid
mounting element) that can be affixed to the turbomachine. This may allow more

convenient and accurate mounting of the first and second tuned mass dampers with respect
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to one another. Likewise, it allows the package to be provided as a modular component

that can be added (e.g., retrofitted) to a turbomachine as necessary.

As may be appreciated, more than two (e.g., three, four, five, etc.) mass tuned mass

dampers may be provided in the same manner as described above.

The turbomachine may be a compressor. Alternatively, the turbomachine may be a blower

or a fan.

In a second aspect there is disclosed a device comprising an external device housing that
houses a turbomachine assembly according to the first aspect, the turbomachine housing of

the turbomachine assembly rigidly mounted to the device housing.

When there is a rigid mounting between the turbomachine assembly and the device
housing, vibration of the turbomachine is transmitted via that rigid mounting to the
external device housing, which subsequently results in noise. As has already been
mentioned, the turbomachine assembly (due to the inclusion of the tuned mass damper)
operated at reduced noise levels (and, indeed, in some cases with reduced tactile vibration).
Thus, incorporating the turbomachine assembly into a device provides a device with

reduced noise emissions and that may be more comfortable for a user to use.

The device may be a consumer device or appliance, such as, for example, a fan (e.g., a

tower fan), a heater, an air purifier or a humidifier.

In a third aspect, there is disclosed a method of forming a turbomachine assembly, the

method comprising:

providing a turbomachine that comprises a motor, an impeller driven by the motor
to rotate about a rotational axis, and a turbomachine housing that houses the motor

and the impeller;

identifying a resonant frequency of the turbomachine;
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providing a tuned mass damper comprising a mass and an elastic member, the
tuned mass damper configured to reduce the amplitude of vibration of the
turbomachine, in use, at a frequency that corresponds to the identified resonant

frequency; and

mounting the tuned mass damper to the turbomachine housing to form a
turbomachine assembly, the mounting performed such that a centre of mass of the

tuned mass damper is substantially aligned with rotational axis of the impeller.

As has already been discussed above, such a turbomachine assembly can provide an

assembly that emits less noise.

The turbomachine assembly may be as according to any one of the preceding claims.

The step of identifying a resonant frequency may comprise identifying a resonant
frequency that is excited by rotation of the motor and/or the impeller in normal operation
of the turbomachine. This may be performed, for example, by way of structural
simulations or vibroacoustic modal analysis. For example, a Campbell diagram for
vibration or SPL. measurements of the turbomachine can be used to identify significant
tones which are not related to the blade pass frequency harmonics, and to identify at which
rotational speeds of the turbomachine they pass through possible structural
modes/resonances. These tones are likely to represent structure-borne noise. Experimental
modal analysis techniques can be used to corroborate that these tones are exciting

structural modes of the turbomachine.

The tuned mass damper may be a first tuned mass damper. The mass maybe a first mass
and the elastic member may be a first elastic member. The method may comprise
providing a second tuned mass damper comprising a second mass and a second elastic

member.

The method may comprise mounting the second tuned mass damper to the turbomachine
housing to form a turbomachine assembly. The mounting of the second tuned mass

damper may be performed such that a centre of mass of the second tuned mass damper is
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substantially aligned with the rotational axis of the impeller. In this way, each of the first
and second tuned mass dampers may have its centre of mass aligned with the rotational
axis. Likewise, the centre of mass of the combination of the first and second tuned mass

dampers may be aligned with the rotational axis.

The method may comprise identifying a second resonant frequency of the turbomachine.
The second tuned mass damper may be configured to reduce the amplitude of vibration of
the turbomachine, in use, at a frequency that corresponds to the identified second resonant

frequency.

The first and second tuned mass dampers may be as described with respect to the first
aspect. Thus, for example, the first and second tuned mass dampers may be concentrically
arranged with respect to one another (and each may e.g., have an annular cross-sectional

shape).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a section view of a turbomachine assembly;

Figure 2A is a perspective view of a tuned mass damper assembly forming part of the
turbomachine assembly of Figure 1;

Figure 2B is a section view of the tuned mass damper of Figure 2A,;

Figure 3 is a plot showing the effect of the tuned mass damper on the noise generated by
the turbomachine in use; and

Figure 4 is a schematic view of a device including the turbomachine assembly of Figure 1.

DETAILED DESCRIPTION

Aspects and embodiments will now be discussed with reference to the accompanying

figures. Further aspects and embodiments will be apparent to those skilled in the art.

Figure 1 shows a turbomachine assembly 10 that includes a turbomachine 11 (in the form
of a compressor) and a tuned mass damper assembly 12 formed of a first tuned mass
damper 13 and a second tuned mass damper 14 (shown in more detail in Figures 2A and

2B).
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The turbomachine 11 comprises a motor 15 (in this case, an electric motor) and an
impeller 16 that is driven by the motor 15, via a drive shaft 17, so as to rotate about a
rotational axis 18. The impeller 16 includes blades 19 which, when the impeller 16 is
rotated, move air through an annular passage 20 of the turbomachine 11. In particular, air
is moved by the blades 19 from an inlet 21 at an upstream end 22 of the turbomachine 11

to an outlet 23 at a downstream end 37 of the turbomachine 11.

As should be apparent from Figure 1, the annular passage 20 narrows in a direction from
the upstream end 22 to the downstream end 37 (i.e., so as to have a smaller cross-sectional
area at the outlet 23 than at the inlet 21). The passage 20 also diverges from the rotational
axis 18 in the downstream direction (i.e., in a direction from the inlet 21 to the outlet 23)
such that the annulus of the annular cross-section of the passage 20 has a greater diameter

at the outlet 23 than at the inlet 21.

The annular passage 20 is defined by a turbomachine housing 24, which also houses the
motor 15, the impeller 16 and the drive shaft 17 connecting the motor 15 to the impeller
16. The turbomachine housing 24 packages these components so that the turbomachine 11
can be installed into a device as a single package (rather than as individual components).
As well as facilitating manufacture, this can improve replaceability and repair of the

turbomachine 11 when installed in a device.

The diverging shape of the passage 20, as described above, means that at the downstream
end 37 of the turbomachine 11, the housing 24 defines a generally cylindrical cavity 25
(i.e., recessed into the downstream end 37 of the housing 24). At the base of this cavity 25,
the housing 24 includes an end wall 26 (adjacent to the motor 15) to which the tuned mass
damper assembly 12 is mounted. In this way, the tuned mass damper assembly 12 is
positioned adjacent to the motor 15, which is between the tuned mass damper assembly 12

and the impeller 16.

As should be apparent from Figure 1, each of the first tuned mass damper 13 and the

second tuned mass damper 14 is aligned so that its respective centre of mass is aligned
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with the rotational axis 18 of the impeller 17. This reduces (or avoids) the possibility of
the tuned mass dampers 13, 14 introducing an imbalance to the turbomachine assembly 10
in operation (which could be detrimental to operation of the turbomachine 11 and/or to the

noise generated by the turbomachine assembly 10).

The tuned mass damper assembly 12 is shown in more detail in Figures 2A and 2B. As
mentioned above, the tuned mass damper assembly 12 includes a first tuned mass damper
13 and a second tuned mass damper 14. These are arranged concentrically with the second
tuned mass damper 14 extending circumferentially about (and radially spaced from) the
first tuned mass damper 13. In this way, each of the first 13 and second 14 tuned mass
dampers can be arranged such its centre of mass is aligned on the rotational axis 18 (shown

in Figure 1) of the impeller 17.

The first tuned mass damper 13 includes a first elastic member 27 (formed of polyurethane
rubber) mounting a first mass 28 (formed of steel) to the turbomachine housing 24. In
particular, the first elastic member 27 is mounted to a lowermost surface of the first mass
28 such that when the tuned mass damper assembly 13 is mounted to the turbomachine
housing 24, the first elastic member 27 is disposed between the first mass 28 and the

turbomachine housing 24.

Each of the first elastic member 27 and first mass 28 have a tubular shape (i.e., so as to
have an annular cross-sectional shape, taken perpendicular to the rotational axis 18) and
are both aligned on the rotational axis 18 when mounted to the turbomachine housing 24.
One benefit of the tubular shape of the first mass 28 is that its central hollow 29 (or bore)
provides fluid communication between the central hollow 30 of the first elastic member 27
and the external environment. If on the other hand, air was trapped within the central
hollow 30 of the elastic member, it could alter the response of the tuned mass damper to
vibration of the turbomachine (and such response could change with temperature of the
turbomachine). Likewise, the provision of the central hollow 30 may permit the release of

gases that can sometimes be released when adhering the tuned mass damper 13.
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As is apparent from Figure 2B, the central hollow 29 of the first elastic member 27 has a
greater diameter than the central hollow 30 of the first mass 28. On the other hand, the
outer diameters of the first elastic member 27 and the first mass 28 are the same such that

their respective outer circumferential surfaces are coplanar.

The second tuned mass damper 14 includes a second elastic member 31 (formed of
polyurethane rubber) mounting a second mass 32 (formed of steel) to the turbomachine
housing 24. Each of the second elastic member 31 and second mass 32 have a tubular
shape and are both aligned on the rotational axis 18 when mounted to the turbomachine
housing 24. The second elastic member 31 circumferentially surrounds (and is radially
spaced from) the first elastic member 27, and the second mass 32 circumferentially
surrounds (and is radially spaced from) the first mass 28. As a result, the first tuned mass

damper 13 is not in direct contact with the second tuned mass damper 14.

The first tuned mass damper 13 is, however, connected to the second tuned mass damper
14 by way of a mounting element 33 (in the form of a circular mounting plate). Both the
first 27 and second 31 elastic members are mounted to an upper surface 34 of the mounting
element 33 and, thus, are mounted to the turbomachine housing 24 by the mounting
element 33. In this way, the first tuned mass damper 13, second tuned mass damper 14 and
the mounting element 33 (defining the tuned damper assembly 12) can be formed as a

package, which can then be mounted to the turbomachine housing 24.

The tuned mass damper assembly 12 is configured to reduce the noise generated by the
turbomachine 11 in operation. This is best illustrated by Figure 3, which is a plot showing
the effect of mounting the tuned mass damper assembly 12 to the turbomachine 11. In
particular, the plot illustrates the average sound pressure level (dB) over a range of motor
speeds (RPM) of the motor 15, both with and without the tuned mass damper assembly 12

mounted to the turbomachine 11.

For the purpose of generating this data, both the first 28 and second 32 masses had a mass
of 77 g. The first tuned mass damper 13 had a static stiffness of 289,000 N/m and the

second tuned mass damper 14 had a static stiffness of 436,000 N/m. Static stiffness was
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measured using compression testing along the axis of oscillation (i.e., parallel to the

rotational axis when mounted).

Referring firstly to the data (illustrated using a broken line) in which the tuned mass
damper assembly 12 is not mounted to the turbomachine 11, it apparent that there are two
motor speed ranges (i.e., first 35 and second 36 critical motor speed ranges) that elicit a
greater response in average sound pressure level (i.e., when compared to other measured
motor speeds). The greater response in average sounds pressure level (which is perceived
as a user as increased noise) is a result of the particular motor speeds exciting resonant

frequencies of the turbomachine 11.

Turning now to the data (illustrated using a solid line) in which the tuned mass damper
assembly 12 is mounted to the turbomachine 11, it is apparent that the average sound
pressure level at each of the abovementioned first 35 and second 36 critical motor speed
ranges 1s significantly reduced (thus reducing the noise experienced by a user). This is
achieved by provision of the first 13 and second 14 tuned mass dampers, each of which is
tuned (i.e., by selection of a particular mass and static stiffness) to reduce mechanical

vibration of the turbomachine 11 at one of the first 35 and second 36 motor speed ranges.

In particular, the first tuned mass damper 13 (which has a lower static stiffness than the
second tuned mass damper 14) is configured to reduce mechanical vibration of the
turbomachine 11 associated with operation of the turbomachine 11 at the first critical
motor speed range 35. Likewise, the second tuned mass damper 14 is configured to reduce
mechanical vibration of the turbomachine 11 associated with operation of the
turbomachine 11 at the second critical motor speed range 36. In this way, during operation
of the turbomachine 11, when the motor 15 is operated within the critical speed ranges 35,

36 there is reduced noise.

As may be appreciated, the turbomachine assembly 10 may be suitable for use in a range
of devices. One such example is shown in Figure 4, which schematically illustrates the
turbomachine 11 installed within a device 37, which is in the form of a tower fan. The

device 37 includes an inlet 40 into which air enters the device 47 and an outlet 41, from
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which air is discharged. The turbomachine assembly 10 is installed so as to be rigidly
mounted to a housing 38 of the device 37 by way of a tubular rigid mounting portion 39.
As may be appreciated, this rigid mounting ensures secure mounting of the turbomachine
assembly 10 within the device 37, but also means that vibration of the turbomachine
assembly 10 can be easily transmitted to the device housing 38 (which can result in noise
during operation of the device 37). However, as has been described above, the provision

of the tuned mass damper assembly 12 reduces this issue by minimising such vibration.

The features disclosed in the foregoing description, or in the following claims, or in the
accompanying drawings, expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for obtaining the disclosed
results, as appropriate, may, separately, or in any combination of such features, be utilised

for realising the invention in diverse forms thereof.

While the invention has been described in conjunction with the exemplary embodiments
described above, many equivalent modifications and variations will be apparent to those
skilled in the art when given this disclosure. Accordingly, the exemplary embodiments of
the invention set forth above are considered to be illustrative and not limiting. Various
changes to the described embodiments may be made without departing from the spirit and

scope of the invention.

For the avoidance of any doubt, any theoretical explanations provided herein are provided
for the purposes of improving the understanding of a reader. The inventors do not wish to

be bound by any of these theoretical explanations.

Any section headings used herein are for organizational purposes only and are not to be
construed as limiting the subject matter described.

Throughout this specification, including the claims which follow, unless the context
requires otherwise, the word “comprise” and “include”, and wvariations such as
“comprises”, “comprising”, and “including” will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not the exclusion of any other integer

or step or group of integers or steps.
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It must be noted that, as used in the specification and the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the context clearly dictates
otherwise. Ranges may be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by the use of the antecedent “about,” it will be
understood that the particular value forms another embodiment. The term “about” in

relation to a numerical value is optional and means for example +/- 10%.
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CLAIMS

1. A turbomachine assembly comprising:

a turbomachine comprising a motor, an impeller driven by the motor to rotate about
a rotational axis, and a turbomachine housing that houses the motor and the

impeller; and

a tuned mass damper comprising an elastic member mounting a mass to the
turbomachine housing, a centre of mass of the tuned mass damper being

substantially aligned with the rotational axis of the impeller.

2. A turbomachine assembly according to claim 1 wherein the tuned mass damper is
configured to reduce the amplitude of vibration of the turbomachine, in use, at a frequency

that corresponds to a resonant frequency of the turbomachine.

3. A turbomachine assembly according to claim 1 or 2 wherein a cross-sectional shape of

the mass, taken perpendicular to the rotational axis of the impeller, is circular or annular.

4. A turbomachine assembly according to any one of the preceding claims wherein a cross-
sectional shape of the elastic member, taken perpendicular to rotational axis of the

impeller, is annular.

5. A turbomachine assembly according to any one of the preceding claims wherein, in use,
the impeller moves air from an upstream end of the turbomachine to a downstream end of
the turbomachine, and wherein the tuned mass damper is mounted at the downstream end

of the turbomachine.

6. A turbomachine assembly according to any one of the preceding claims wherein the

motor is disposed between the tuned mass damper and the impeller.

7. A turbomachine assembly according to any one of the preceding claims wherein the

tuned mass damper is a first tuned mass damper, and the turbomachine assembly further
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comprises a second tuned mass damper comprising a second elastic member mounting a

second mass to the turbomachine housing.

8. A turbomachine assembly according to claim 7 wherein the first and second tuned mass

dampers are arranged concentrically with respect to one another.

9. A turbomachine assembly according to claim 7 or 8 wherein the first tuned mass damper
is tuned to reduce the amplitude of vibration of the turbomachine in use at first frequency
and the second tuned mass damper is tuned to reduce the amplitude of vibration of the

turbomachine in use at a second frequency that is different to the first frequency.

10. A turbomachine assembly according to any one of claims 7 to 9 comprising a rigid
mounting element mounting the first and second tuned mass dampers to the turbomachine

housing.

11. A turbomachine assembly according to any one of the preceding claims wherein the
turbomachine housing defines an airflow passage, and wherein rotation of the impeller

moves air along the airflow passage.

12. A turbomachine assembly according to any one of the preceding claims wherein the

turbomachine is a compressor.

13. A device comprising an external device housing that houses a turbomachine assembly
according to any one of the preceding claims, the turbomachine housing of the

turbomachine assembly rigidly mounted to the device housing.

14. A method of forming a turbomachine assembly, the method comprising:

providing a turbomachine that comprises a motor, an impeller driven by the motor
to rotate about a rotational axis, and a turbomachine housing that houses the motor

and the impeller;

identifying a resonant frequency of the turbomachine;
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providing a tuned mass damper comprising a mass and an elastic member, the
tuned mass damper configured to reduce the amplitude of vibration of the
turbomachine, in use, at a frequency that corresponds to the identified resonant

frequency; and

5 mounting the tuned mass damper to the turbomachine housing to form a
turbomachine assembly, the mounting performed such that a centre of mass of the

tuned mass damper is substantially aligned with rotational axis of the impeller.

15. A method according to claim 14 wherein the turbomachine assembly is as according to

10 any one of claims 1 to 12.
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