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VIBRATION CANCELING MOTOR
ASSEMBLY AND ULTRASOUND PROBE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is based on and claims priority
under 35 U.S.C. § 119 to Korean Patent Application No.
10-2017-0153325, filed on Nov. 16, 2017, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] The disclosure relates to a vibration canceling
motor assembly and an ultrasound probe including the
vibration canceling motor assembly.

2. Description of the Related Art

[0003] Ultrasound diagnosis apparatuses transmit an ultra-
sound signal generated by a transducer of a probe to an
object and receives information regarding a signal reflected
from the object, thereby obtaining at least one image of a
part (e.g., a soft tissue or a blood stream) inside the object.
[0004] Ultrasound probes include a power unit that pro-
vides power that is required to drive a transducer. In general,
the power unit includes a motor that rotates a shaft. Because
an ultrasound probe needs to scan an object with ultrasounds
in any direction in a one-dimensional (1D) or two-dimen-
sional (2D) manner, a rotation direction of a motor that
drives the ultrasound probe is also frequently changed. Thus,
the motor is greatly vibrated, and accordingly a user may
feel fatigue when using the ultrasound probe for a long time.

SUMMARY

[0005] Provided are a vibration canceling motor assembly
and an ultrasound probe including the vibration canceling
motor assembly.

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0007] In accordance with an aspect of the disclosure, a
vibration canceling motor assembly includes a motor; a shaft
that is rotated about a rotation axis of the shaft by the motor;
a driving force transmission member including a support
area coupled to the shaft to be fixed to the shaft and a drive
transmission area that transmits a driving force to outside; a
mass body arranged in at least a portion of the support area;
and an adhesion member interposed between the mass body
and the driving force transmission member.

[0008] The driving force transmission member may have
a hollow shape such that the shaft is inserted into and fixed
to the driving force transmission member.

[0009] The shaft may include a shaft groove formed on at
least a portion of an outer circumferential surface of the
shaft, and the driving force transmission member may
include a protrusion inserted into the shaft groove to couple
the shaft to the driving force transmission member.

[0010] The shaft groove may be provided on a leading end
of the shaft.
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[0011] The vibration canceling motor assembly may fur-
ther include a coupling member configured to couple the
adhesion member to the mass body.

[0012] The coupling member may be further configured to
couple the adhesion member to the driving force transmis-
sion member.

[0013] The coupling member may be arranged to penetrate
the adhesion member and the support area of the driving
force transmission member.

[0014] The mass body may include an insertion portion
extending in a direction perpendicular to the rotation axis of
the shaft and allowing the coupling member to be inserted
into the insertion portion.

[0015] The vibration canceling motor assembly may fur-
ther include an insertion portion mass body arranged in the
insertion portion.

[0016] A density distribution of the mass body may be
non-uniform in a radial direction perpendicular to the rota-
tion axis of the shaft.

[0017] A density of the mass body may increase in the
radial direction perpendicular to the rotation axis of the
shaft.

[0018] The mass body may include a plurality of areas
having different densities.

[0019] The mass body may include a first mass body and
a second mass body sequentially arranged in the radial
direction perpendicular to the rotation axis of the shaft, and
a density of the second mass body is higher than a density
of the first mass body.

[0020] The driving force transmission member may be a
bending gear or a pulley gear.

[0021] The adhesion member may include an elastic mate-
rial having an elasticity.

[0022] The mass body may include a metal material.
[0023] A natural frequency of the mass body may be
substantially the same as a natural frequency of the motor.
[0024] A natural frequency of the adhesion member may
be substantially the same as a natural frequency of the motor.
[0025] In accordance with another aspect of the disclo-
sure, an ultrasound probe includes the above-described
vibration canceling motor assembly.

[0026] The ultrasound probe may further include an ultra-
sound module including a transducer or a piezoelectric
element and configured to generate ultrasound waves; and a
drive transmitter configured to transmit a drive from the
vibration canceling motor assembly to the ultrasound mod-
ule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other aspects, features, and advan-
tages of certain embodiments of the present disclosure will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:
[0028] FIG. 1 is a block diagram illustrating an ultrasound
diagnosis apparatus according to an exemplary embodiment;
[0029] FIG. 2 is a schematic view illustrating a structure
of an ultrasound probe according to an embodiment;
[0030] FIG. 3 is a schematic cross-section of a vibration
canceling motor assembly according to an embodiment;
[0031] FIG. 4 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment;
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[0032] FIG. 5 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment;

[0033] FIG. 6 illustrates a cross-section of a leading end of
a shaft of the vibration canceling motor assembly of FIG. 5
and a cross-section of a leading end of a driving force
transmission member of the vibration canceling motor
assembly 3 of FIG. 5;

[0034] FIG. 7 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment;

[0035] FIG. 8 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment;

[0036] FIG. 9 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment; and

[0037] FIG. 10 is a schematic cross-section of a vibration
canceling motor assembly according to another embodi-
ment.

DETAILED DESCRIPTION

[0038] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0039] In the following description, the same drawing
reference numerals are used for the same elements even in
different drawings. The matters defined in the description,
such as detailed construction and elements, are provided to
assist in a comprehensive understanding of exemplary
embodiments. Thus, it is apparent that exemplary embodi-
ments can be carried out without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure exemplary
embodiments with unnecessary detail.

[0040] Terms such as “part” and “portion” used herein
denote those that may be embodied by software or hardware.
According to exemplary embodiments, a plurality of parts or
portions may be embodied by a single unit or element, or a
single part or portion may include a plurality of elements.
[0041] In exemplary embodiments, an image may include
any medical image acquired by various medical imaging
apparatuses such as a magnetic resonance imaging (MRI)
apparatus, a computed tomography (CT) apparatus, an ultra-
sound imaging apparatus, or an X-ray apparatus.

[0042] Also, in the present specification, an “object”,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
a part of a human, that is, an organ or a tissue, or a phantom.
[0043] Throughout the specification, an ultrasound image
refers to an image of an object processed based on ultra-
sound signals transmitted to the object and reflected there-
from.

[0044] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100, i.e., a diag-
nostic apparatus, according to an exemplary embodiment.
[0045] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may include a probe 20, an ultrasound transceiver
110, a controller 120, an image processor 130, one or more
displays 140, a storage 150, e.g., a memory, a communicator
160, i.e., a communication device or an interface, and an
input interface 170.

[0046] The ultrasound diagnosis apparatus 100 may be of
a cart-type or a portable-type ultrasound diagnosis appara-
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tus, that is portable, moveable, mobile, or hand-held.
Examples of the portable-type ultrasound diagnosis appara-
tus 100 may include a smart phone, a laptop computer, a
personal digital assistant (PDA). and a tablet personal com-
puter (PC), each of which may include a probe and a
software application, but embodiments are not limited
thereto.

[0047] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmitting signals
received by the probe 20, from a transmitter 113. The
plurality of transducers may receive ultrasound signals
reflected from the object 10 to generate reception signals. In
addition, the probe 20 and the ultrasound diagnosis appara-
tus 100 may be formed in one body (e.g., disposed in a single
housing), or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately (e.g., disposed
separately in separate housings) but linked wirelessly or via
wires. In addition, the ultrasound diagnosis apparatus 100
may include one or more probes 20 according to embodi-
ments.

[0048] The controller 120 may control the transmitter 113
for the transmitter 113 to generate transmitting signals to be
applied to each of the plurality of transducers based on a
position and a focal point of the plurality of transducers
included in the probe 20.

[0049] The controller 120 may control the ultrasound
receiver 115 to generate ultrasound data by converting
reception signals received from the probe 20 from analogue
to digital signals and summing the reception signals con-
verted into digital form, based on a position and a focal point
of the plurality of transducers.

[0050] The image processor 130 may generate an ultra-
sound image by using ultrasound data generated from the
ultrasound receiver 115.

[0051] The display 140 may display a generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include two or more displays
140 according to the present exemplary embodiment. The
display 140 may include a touch screen in combination with
a touch panel.

[0052] The controller 120 may control the operations of
the ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor and/or a
microprocessor (not shown) for processing the program or
data. For example, the controller 120 may control the
operation of the ultrasound diagnosis apparatus 100 by
receiving a control signal from the input interface 170 or an
external apparatus.

[0053] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses, for example, servers, medical appara-
tuses, and portable devices such as smart phones, tablet
personal computers (PCs), wearable devices, etc., via the
communicator 160.

[0054] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
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least one among a short-range communication module, a
wired communication module, and a wireless communica-
tion module.

[0055] The communicator 160 may receive a control sig-
nal and data from an external apparatus and transmit the
received control signal to the controller 120 so that the
controller 120 may control the ultrasound diagnosis appa-
ratus 100 in response to the received control signal.

[0056] The controller 120 may transmit a control signal to
the external apparatus via the communicator 160 so that the
external apparatus may be controlled in response to the
control signal of the controller 120.

[0057] For example, the external apparatus connected to
the ultrasound diagnosis apparatus 100 may process the data
of the external apparatus in response to the control signal of
the controller 120 received via the communicator 160.

[0058] A program for controlling the ultrasound diagnosis
apparatus 100 may be installed in the external apparatus.
The program may include command languages to perform
part of operation of the controller 120 or the entire operation
of the controller 120.

[0059] The program may be pre-installed in the external
apparatus or may be installed by a user of the external
apparatus by downloading the program from a server that
provides applications. The server that provides applications
may include a recording medium where the program is
stored.

[0060] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, ultra-
sound images, applications, etc.

[0061] The input interface 170 may receive a user’s input
to control the ultrasound diagnosis apparatus 100 and may
include a keyboard, button, keypad, mouse, trackball, jog
switch, knob, a touchpad, a touch screen, a microphone, a
motion input means, a biometrics input means, etc. For
example, the user’s input may include inputs for manipu-
lating buttons, keypads, mice, trackballs, jog switches, or
knobs, inputs for touching a touchpad or a touch screen, a
voice input, a motion input, and a bioinformation input, for
example, iris recognition or fingerprint recognition, but an
exemplary embodiment is not limited thereto.

[0062] FIG. 2 is a schematic view illustrating a structure
of the probe 20, according to an embodiment. Referring to
FIG. 2, the probe 20 may include a vibration canceling
motor assembly 1, a drive transmitter 8, and an ultrasound
module 9. The drive transmitter 8 may include a bending
gear, a pulley gear, a guide member, a rotation member, and
a wire member for transmitting a drive to the ultrasound
module 9, but the present disclosure is not limited to the
particular embodiment. The ultrasound module 9 may
include a component that generates ultrasound waves, based
on a driving force. For example, the ultrasound module 9
may include a transducer or a piezoelectric element. For
example, the ultrasound module 9 may include a one-
dimensional (1D) or two-dimensional (2D) piezoelectric
element array or transducer array. The vibration canceling
motor assembly 1 may attenuate a vibration and also trans-
mit a generated drive to the ultrasound module 9 via the
drive transmitter 8. According to the present embodiment,
the probe 20 may reduce displeasures of a user and an object
because a vibration is reduced. A detailed structure of the
vibration canceling motor assembly 1 will now be described.
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[0063] FIG. 3 is a schematic cross-section of the vibration
canceling motor assembly 1, according to an embodiment.
Referring to FIG. 3, the vibration canceling motor assembly
1 includes a motor 11, a shaft 21, a driving force transmis-
sion member 31, an adhesion member 41, and a mass body
51

[0064] The motor 11 may rotate the shaft 21, about a
rotation axis of the shaft 21. The motor 11 may change a
rotation direction of the shaft 21, under the control of a
controller (not shown). The shaft 21 may be coupled with the
driving force transmission member 31 and thus may be fixed
thereto.

[0065] The driving force transmission member 31 may
transmit a driving force to outside of the motor 11 by being
engaged with another driving force transmission member
(not shown) or being connected to a belt (not shown). For
example, the driving force transmission member 31 may
transmit a driving force generated by the motor 11 to the
ultrasound module 9 of FIG. 2. The driving force transmis-
sion member 31 may be formed of metal or plastic. The
driving force transmission member 31 may be, for example,
a bending gear.

[0066] The driving force transmission member 31 may
include a support area 31-b coupled with the shaft 21 to be
fixed thereto, and a drive transmission area 31-a that trans-
mits a driving force to outside. The drive transmission area
31-a means an area that is engaged with, contact, or is
coupled to an external member (for example, the drive
transmitter 8 of FIG. 2) to transmit a driving force to the
outside. For example, the drive transmission area 31-a
according to the present embodiment may mean the whole
area that contacts an external bending gear (not shown). The
support area 31-b means an area that provides a coupling
force such that the driving force transmission member 31
may be fixed to the shaft 21. For example, according to the
present embodiment, the support area 31-5 may be defined
as an area adjacent to the drive transmission area 31-a.
[0067] The driving force transmission member 31 may be
formed to have a hollow shape such that the shaft 21 may be
inserted into and fixed to the hollow driving force transmis-
sion member 31. For example, respective inner circumfer-
ential surfaces of the drive transmission area 31-a and the
support area 31-5 may be engaged with an outer circumfer-
ential surface of the shaft 21 via a frictional force. For
example, not only the support area 31-b but also the drive
transmission area 31-a may provide a coupling force via by
being fixed to the shaft 21.

[0068] The drive transmission area 31-a and the support
area 31-b may be arranged side by side in a lengthwise
direction of the shaft 21. For example, referring to FIG. 3,
the support area 31-b and the transmission area 31-¢ may be
sequentially arranged based on the motor 11. However, the
present disclosure is not limited thereto, and the transmis-
sion area 31-a and the support area 31-b may be sequentially
arranged based on the motor 11.

[0069] A radial length of the support area 31-b in a vertical
direction of the rotation axis of the shaft 21 may be less than
that of the drive transmission area 31-a in the vertical
direction of the rotation axis. For example, when the radial
length of the support area 31-5 in the vertical direction of the
rotation axis of the shaft 21 is small, an area where the mass
body 51 and the adhesion member 41 are to be arranged may
be sufficiently secured. For example, the radial length of the
support area 31-5 in the vertical direction of the rotation axis
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of the shaft 21 may be designed to be equal to or greater than
a certain length to have sufficient rigidity for coupling the
driving force transmission member 31 to the shaft 21.
[0070] A length of the support area 31-b in a lengthwise
direction of the rotation axis of the shaft 21 may be deter-
mined within a length obtained by subtracting the drive
transmission area 31-a from a length of a portion of the shaft
21 that protrudes from the motor 11. For example, the
support area 31-b may have a maximum length within a
range in which the support area 31-b does not contact the
motor 11. However, the present disclosure is not limited
thereto.

[0071] The mass body 51 may be formed on an outer
circumferential surface of the driving force transmission
member 31 in a circumferential direction. For example, the
mass body 51 may be matched with at least a portion of the
support area 31-b. The mass body 51 may attenuate a
vibration formed in the motor 11. The mass body 51 may
have a natural frequency for causing a resonance with the
motor 11. For example, the natural frequency of the mass
body 51 may be substantially the same as that of the motor
11. The natural frequency of the mass body 51 may be
determined according to a design element, such as a mate-
rial, rigidity, hardness, mass, shape, volume, and density of
the mass body 51.

[0072] The mass body 51 may have an appropriate shape
to absorb the vibration of the motor 11. For example, the
mass body 51 may have a shape that is symmetrical about
the rotation axis of the shaft 21. For example, the mass body
51 may have a hollow disk shape, but the present disclosure
1s not limited thereto. A vibration attenuvation performance of
the mass body 51 may be favorable as a center of mass of
the mass body 51 is located farther from the rotation axis of
the shaft 21. The vibration attenuation performance of the
mass body 51 may be favorable as a rotational inertia of the
mass body 51 is high.

[0073] The mass body 51 may be formed of, for example,
metal. The mass body 51 may be formed of palladium (Pd),
platinum (Pt), ruthenium (Ru), gold (Au), silver (Ag),
molybdenum (Mo), magnesium (Mg), aluminum (Al), tung-
sten (W), titanium (T1), iridium (Ir), nickel (Ni), chromium
(Cr), neodymium (Nd), or copper (Cu).

[0074] The adhesion member 41 may adhere the mass
body 51 and the driving force transmission member 31
together. The adhesion member 41 may have a natural
frequency for attenuating the vibration formed in the motor
11. The natural frequency of the adhesion member 41 may
be substantially the same as that of the motor 11. The natural
frequency of the adhesion member 41 may be determined
according to a design element, such as a material, rigidity,
hardness, mass, shape, volume, and density of the adhesion
member 41.

[0075] The adhesion member 41 may be formed to fill an
interval between the mass body 51 and the driving force
transmission member 31. A bonding strength provided by
the adhesion member 41 may be controlled according to an
area of an interval between the mass body 51 and the driving
force transmission member 31, a volume of the interval, and
a material used to form the adhesion member 41. The shape
of the adhesion member 41 may be determined according to
a shape of the interval between the mass body 51 and the
driving force transmission member 31. For example, the
shape of the adhesion member 41 may be a hollow disk
shape.
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[0076] The adhesion member 41 may include, for
example, an elastic material including certain elasticity. For
example, the adhesion member 41 may be formed of a
rubber material. For example, the adhesion member 41 may
be formed by flowing liquefied rubber into the interval
between the mass body 51 and the driving force transmis-
sion member 31 and hardening the liquefied rubber. The
adhesion member 41 may provide a bonding strength for
fixing the mass body 51 to the driving force transmission
member 31, and an elastic force for reducing a friction, at the
same time.

[0077] The vibration canceling motor assembly 1 accord-
ing to the present embodiment may effectively attenuate the
vibration of the motor 11 by providing the adhesion member
41 and the mass body 51 on the outer circumferential surface
of the driving force transmission member 31. This vibration
canceling motor assembly 1 may provide a good effect,
compared with a comparative example in which a shaft
extends to a rear of a motor and an elasticity attenuation
structure is formed on the shaft. For example, the vibration
canceling motor assembly 1 according to the present
embodiment may have a relatively small volume and pro-
vide good vibration attenuation efficiency, compared with an
assembly according to the above-described comparative
example. This is because, in the vibration canceling motor
assembly 1 according to the present embodiment, the mass
body 51 and the adhesion member 41 are provided directly
on the driving force transmission member 31 instead of the
shaft 21. It is assumed that an adhesion member 41 and a
mass body 51 having the same mass and the same volume
are provided for vibration attenuation. In the vibration
canceling motor assembly 1 according to the present
embodiment, the adhesion member 41 and the mass body 51
are located far from the rotation axis of the shaft 21, and thus
the adhesion member 41 and the mass body 51 have large
rotational inertias. Because the adhesion member 41 and the
mass body 51 are provided directly on the driving force
transmission member 31, an additional space (i.e., a rear
space of the motor 11) is not needed, and thus an ultrasound
probe may be favorably integrated.

[0078] FIG. 4 is a schematic cross-section of a vibration
canceling motor assembly 2 according to another embodi-
ment. Referring to FIG. 3, the vibration canceling motor
assembly 2 includes a motor 11, a shaft 21, a driving force
transmission member 32, an adhesion member 41, and a
mass body 51. Components of the vibration canceling motor
assembly 2 except for the driving force transmission mem-
ber 32 are the same as those of the vibration canceling motor
assembly of FIG. 2, and thus a redundant description thereof
will be omitted.

[0079] The driving force transmission member 32 may be
a pulley gear including a drive transmission area 32-¢ and a
support area 32-b. The drive transmission area 32-a may be
an area that is connected to a belt (not shown) and transmits
a driving force to the outside. The support area 32-b means
an area that provides a coupling force such that the driving
force transmission member 32 may be fixed to the shaft 21.
For example, according to the present embodiment, the
support area 32-b may be defined as an area adjacent to the
drive transmission area 32-a.

[0080] The adhesion member 41 and the mass body 51
may be provided in at least a portion of the support area
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32-b. The adhesion member 41 and the mass body 51 may
effectively attenuate a vibration formed in rotation of the
motor 11.

[0081] FIG. 5 is a schematic cross-section of a vibration
canceling motor assembly 3 according to another embodi-
ment. FIG. 6 illustrates a cross-section of a leading end of a
shaft 22 of the vibration canceling motor assembly 3 of FIG.
5 and a cross-section of a leading end of a driving force
transmission member 33 of the vibration canceling motor
assembly 3 of FIG. 5.

[0082] Referring to FIGS. 5 and 6, the vibration canceling
motor assembly 3 includes a motor 11, the shaft 22, the
driving force transmission member 33, an adhesion member
41, and a mass body 51. Components of the vibration
canceling motor assembly 3 except for the shaft 22 and the
driving force transmission member 33 are the same as those
of the vibration canceling motor assembly 1 of FIG. 2, and
thus a redundant description thereof will be omitted.
[0083] The shaft 22 may include a shaft groove in at least
a portion of an outer circumferential surface of the shaft 22.
The driving force transmission member 33 may include a
protrusion 33-c engageable with the shaft groove, in at least
a portion of an outer circumferential surface of the driving
force transmission member 33. For example, the shaft
groove of the shaft 22 may be formed on a leading end of the
outer circumferential surface of the shaft 22. When the shaft
groove of the shaft 22 may be formed on the leading end of
the outer circumferential surface of the shaft 22, the driving
force transmission member 33 may be coupled to the shaft
22 in a direction parallel with a rotation axis of the shaft 22,
and thus the two components may be easily coupled to each
other. For example, the shaft 22 may include one or more
shaft grooves, and the driving force transmission member 33
may include as many protrusions 33-c as the number of shaft
grooves of the shaft 22.

[0084] The shaft 22 may obtain an additional coupling
force via coupling between the shaft grooves and the pro-
trusions 33-c. A coupling structure between the shaft 22 and
the driving force transmission member 33 prevents a slip
phenomenon from occurring by adding the adhesion mem-
ber 41 and the mass body 51 to the outer circumferential
surface of the driving force transmission member 33,
thereby improving a vibration attenuation effect.

[0085] FIG. 7 is a schematic cross-section of a vibration
canceling motor assembly 4 according to another embodi-
ment. Referring to FIG. 7, the vibration canceling motor
assembly 4 includes a motor 11, a shaft 21, a driving force
transmission member 31, an adhesion member 41, a mass
body 52, and a coupling member 61. Components of the
vibration canceling motor assembly 4 except for the mass
body 52 and the coupling member 61 are the same as those
of the vibration canceling motor assembly 1 of FIG. 2, and
thus a redundant description thereof will be omitted.
[0086] The coupling member 61 may couple the mass
body 52 to the adhesion member 41. When an adhesive force
provided by the adhesion member 41 is insufficient to handle
a centrifugal force of the mass body 52, the coupling
member 61 may more strongly couple the mass body 52 to
the adhesion member 41. The coupling member 61 may
include a member such as a volt or a screw. The coupling
member 61 may couple the mass body 52 to the adhesion
member 41 and also couple the adhesion member 41 to the
driving force transmission member 31. For example, when
the driving force transmission member 31 is formed of a
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material easy to be perforated (i.e., plastic), the coupling
member 61 may penetrate the mass body 52, the adhesion
member 41, and the driving force transmission member 31
and provide an additional coupling force. Even when a
rotational force or rotating speed of the motor 11 is high and
amass of the mass body 52 is high, the coupling member 61
may provide a sufficient coupling force such that the mass
body 52, the adhesion member 41, and the driving force
transmission member 31 are rotated like one body.

[0087] The mass body 52 may have an insertion portion to
which the coupling member 61 is to be coupled. The
insertion portion may be formed in a direction perpendicular
to the rotation axis of the shaft 21 such that a vibration
attenuation function of the mass body 52 is not reduced.
[0088] FIG. 8 is a schematic cross-section of a vibration
canceling motor assembly 5 according to another embodi-
ment. Referring to FIG. 8, the vibration canceling motor
assembly 5 includes a motor 11, a shaft 21, a driving force
transmission member 31, an adhesion member 41, a mass
body 52, an insertion portion mass body 53, and a coupling
member 61. Components of the vibration canceling motor
assembly 5 except for the insertion portion mass body 53 are
the same as those of the vibration canceling motor assembly
1 of FIG. 2, and thus a redundant description thereof will be
omitted.

[0089] The insertion portion mass body 53 may fill an
insertion portion of the mass body 52 formed to allow the
coupling member 61 to be inserted thereinto. A vibration
attenuation effect of the mass body 52 may increase with an
increase in the mass of the mass body 52, without a change
in a volume of the mass body 52. Accordingly, the insertion
portion of the mass body 52 may be filled with the insertion
portion mass body 53, and thus the vibration attenuation
effect of the mass body 52 may be improved. The insertion
portion mass body 53 and the mass body 52 may be formed
of the same material, but the present disclosure is not limited
thereto.

[0090] FIG. 9 is a schematic cross-section of a vibration
canceling motor assembly 6 according to another embodi-
ment. Referring to FIG. 9, the vibration canceling motor
assembly 6 includes a motor 11, a shaft 21, a driving force
transmission member 31, an adhesion member 41, and a
mass body 54. Components of the vibration canceling motor
assembly 6 except for the mass body 54 are the same as
those of the vibration canceling motor assembly 1 of FIG. 2,
and thus a redundant description thereof will be omitted.
[0091] The mass body 54 may have a non-uniform density
distribution in a radial direction perpendicular to the rotation
axis of the shaft 21. For example, the mass body 54 may
include an area where a density increases in the radial
direction perpendicular to the rotation axis of the shaft 21.
A center of mass CM, of the mass body 54 may be provided
relatively far from the shaft 21 in the radial direction
perpendicular to the rotation axis of the shaft 21, compared
with a center of mass CMs, of the mass body 51 of FIG. 3.
Assuming that the mass body 51 of FIG. 3 has a uniform
density, the center of mass CM, may be formed at an
intersection between diagonal lines. However, even when it
is assumed that the mass body 54 according to the present
embodiment has the same mass, the same volume, and the
same shape as the mass body 51 of FIG. 3, the center of mass
CMs,, may be located farther from the shaft 21 in the radial
direction perpendicular to the rotation axis of the shaft 21
than the center of mass CM,. This mass body 54 may
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provide a high vibration attenuation effect by having a larger
rotational inertia than the mass body 51 of FIG. 3.

[0092] FIG. 10 is a schematic cross-section of a vibration
canceling motor assembly 7 according to another embodi-
ment. Referring to FIG. 10, the vibration canceling motor
assembly 7 includes a motor 11, a shaft 21, a driving force
transmission member 31, an adhesion member 41, and a
mass body 55. Components of the vibration canceling motor
assembly 7 except for the mass body 55 are the same as
those of the vibration canceling motor assembly 6 of FIG. 7,
and thus a redundant description thereof will be omitted.
[0093] The mass body 55 may have a non-uniform density
distribution in the radial direction perpendicular to the
rotation axis of the shaft 21. For example, a density of the
mass body 55 may increase in the radial direction perpen-
dicular to the rotation axis of the shaft 21. For example, the
mass body 55 may include a first mass body 554, a second
mass body 555, and a third mass body 55¢ sequentially
arranged in the radial direction perpendicular to the rotation
axis of the shaft 21. A density of the first mass body 55a may
be less than or equal to that of the second mass body 555,
and a density of the third mass body 55¢ may be less than
or equal to that of the second mass body 555.

[0094] Assuming that the mass body 51 of FIG. 3 has a
uniform density, the center of mass CMs, may be formed at
an intersection between diagonal lines. However, even when
it is assumed that the mass body 55 according to the present
embodiment has the same mass, the same volume, and the
same shape as the mass body 51 of FIG. 3, a center of mass
CM;,; of the mass body 55 may be located farther from the
shaft 21 in the radial direction perpendicular to the rotation
axis of the shaft 21 than the center of mass CMs, . This mass
body 55 may provide a high vibration attenuation effect by
having a larger rotational inertia than the mass body 51 of
FIG. 3.

[0095] Exemplary embodiments have been explained
above and shown in the attached drawings in order to
promote understanding of the present disclosure. It should
be understood that the exemplary embodiments described
therein should be considered in a descriptive sense only and
not for purposes of limitation. Descriptions of features or
aspects within each embodiment should typically be con-
sidered as available for other similar features or aspects in
other embodiments, because various other modifications
may be made by one of ordinary skill in the art to which the
present disclosure pertains.

What is claimed is:

1. A vibration canceling motor assembly comprising:

a motor;

a shaft that is rotated about a rotation axis of the shaft by
the motor;

a driving force transmission member including a support
area coupled to the shaft to be fixed to the shaft and a
drive transmission area that transmits a driving force to
outside;

a mass body arranged in at least a portion of the support
area; and

an adhesion member interposed between the mass body
and the driving force transmission member.

2. The vibration canceling motor assembly of claim 1,
wherein the driving force transmission member has a hollow
shape such that the shaft is inserted into and fixed to the
driving force transmission member.
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3. The vibration canceling motor assembly of claim 1,
wherein
the shaft comprises a shaft groove formed on at least a
portion of an outer circumferential surface of the shaft,
and
the driving force transmission member comprises a pro-
trusion inserted into the shaft groove to couple the shaft
to the driving force transmission member.
4. The vibration canceling motor assembly of claim 3,

wherein the shaft groove is provided on a leading end of the
shaft.

5. The vibration canceling motor assembly of claim 1,
further comprising a coupling member configured to couple
the adhesion member to the mass body.

6. The vibration canceling motor assembly of claim 5,
wherein the coupling member is further configured to couple
the adhesion member to the driving force transmission
member.

7. The vibration canceling motor assembly of claim 6,
wherein the coupling member is arranged to penetrate the
adhesion member and the support area of the driving force
transmission member.

8. The vibration canceling motor assembly of claim 5,
wherein the mass body comprises an insertion portion
extending in a direction perpendicular to the rotation axis of
the shaft and allowing the coupling member to be inserted
into the insertion portion.

9. The vibration canceling motor assembly of claim 8,
further comprising an insertion portion mass body arranged
in the insertion portion.

10. The vibration canceling motor assembly of claim 1,
wherein a density distribution of the mass body is non-
uniform in a radial direction perpendicular to the rotation
axis of the shaft.

11. The vibration canceling motor assembly of claim 10,
wherein a density of the mass body increases in the radial
direction perpendicular to the rotation axis of the shaft.

12. The vibration canceling motor assembly of claim 10,
wherein the mass body comprises a plurality of areas having
different densities.

13. The vibration canceling motor assembly of claim 12,
wherein the mass body comprises a first mass body and a
second mass body sequentially arranged in the radial direc-
tion perpendicular to the rotation axis of the shaft, and a
density of the second mass body is higher than a density of
the first mass body.

14. The vibration canceling motor assembly of claim 1,
wherein the driving force transmission member is a bending
gear or a pulley gear.

15. The vibration canceling motor assembly of claim 1,
wherein the adhesion member includes an elastic material
having an elasticity.

16. The vibration canceling motor assembly of claim 1,
wherein the mass body includes a metal material.

17. The vibration canceling motor assembly of claim 1,
wherein a natural frequency of the mass body is substan-
tially the same as a natural frequency of the motor.

18. The vibration canceling motor assembly of claim 1,
wherein a natural frequency of the adhesion member is
substantially the same as a natural frequency of the motor.

19. An ultrasound probe comprising the vibration cancel-
ing motor assembly of claim 1.
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20. The ultrasound probe of claim 19, further comprising:

an ultrasound module including a transducer or a piezo-
electric element and configured to generate ultrasound
waves; and

a drive transmitter configured to transmit a drive from the
vibration canceling motor assembly to the ultrasound
module.

May 16, 2019
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