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ULTRASONIC PROBE USING A VERTICALLY
ARRANGED MOTOR

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
using a vertically arranged motor, and more particularly, to an
ultrasonic probe using a vertically arranged motor, which has
an ergonomic design by implementing a mechanism capable
of a linear operation by providing a motor to stand upright in
the ultrasonic probe.

BACKGROUND ART

[0002] An example of medical ultrasonic apparatuses
includes an ultrasonic scanning apparatus mainly used to
contrast an organ or a fetus in a human body. Unlike other
medical apparatuses for contrasting the inside of a human
body, such as X-ray imaging, computerized tomography
(CT), and magnetic resonance imaging, the ultrasonic scan-
ning apparatus may contrast a certain point inside the human
body that is desired by a user as the user arbitrarily controls a
radiation angle of ultrasonic waves. Also, not only the human
body is not damaged by radiation, but also an image is
obtained relatively quicker than other medical apparatuses for
contrasting the inside of the human body.

[0003] In order to form an image by using the ultrasonic
scanning apparatus, a unit and/or a device that mutually con-
verts an ultrasonic signal and an electric signal is essential,
and this unit and/or device is referred to as an ultrasonic probe
or an ultrasonic transducer in the related art. The ultrasonic
probe is typically formed of an ultrasomic module that
includes: a piezoelectric layer that mutually converts an elec-
tric signal and a sound signal as a piezoelectric material is
vibrated; a matching layer that reduces a difference in acous-
tic impedance between the piezoelectric layer and a human
body so that ultrasonic waves generated in the piezoelectric
layer are transmitted to a target portion of the human body as
much as possible; a lens layer that focuses ultrasonic waves
proceeding to the front of the piezoelectric layer, to a prede-
termined point; and a backing layer that blocks the ultrasonic
waves from proceeding to the back of the piezoelectric layer
to thereby prevent image distortion. Except for a single ultra-
sonic element designed for particular uses, a general medical
ultrasonic probe includes a plurality of ultrasonic elements.
[0004] Such medical ultrasonic probes may be classified
based on any one of various standards, such as the number of
ultrasonic elements, an array method or a shape of an array
axis of ultrasonic elements, or an application field. When the
medical ultrasonic probes are classified according to the num-
ber of ultrasonic elements, the medical ultrasonic probes may
be classified into single element type ultrasonic probes and
plural element type ultrasonic probes. Here, the plural ele-
ment type ultrasonic probes may be classified into one-di-
mensional (1D) array ultrasonic probes, wherein ultrasonic
elements are arranged on a single axis, and 2D array ultra-
sonic probes, wherein ultrasonic elements are arranged on a
plurality of axes that cross each other, according to an array
method of ultrasonic elements. Also, 1D array ultrasonic
probes may be classified into linear array ultrasonic probes
and curvilinear array ultrasonic probes according to a shape
of an array axis of ultrasonic elements.

[0005] 1D array ultrasonic probes that are mostly used are
capable of realizing only a 2D image at a point in front of
ultrasonic elements due to the linearity of ultrasonic waves.
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Accordingly, it is difficult to perform an accurate diagnosis by
using general 1D array ultrasonic probes, and it is not possible
to contrast an overall figure of a fetus in 3D or contrast an
appearance of a moving fetus in a moving image. Recently,
ultrasonic probes capable of realizing a 3D image of inside a
human body. in detail, a 3D dynamic image, have been
requested, and a 3D image may be realized by using a general
1D array ultrasonic probe or a 2D array ultrasonic probe.

[0006] However, it is difficult to manufacture a 2D array
ultrasonic probe since the 2D array ultrasonic probe includes
an extremely larger number of ultrasonic elements than a 1D
array ultrasonic probe. Also, an image obtained by the 2D
array ultrasonic probe has a low quality due to a low signal-
to-noise (S/N) ratio. Accordingly, a method of obtaining a 3D
image by using a 1D array ultrasonic probe has been continu-
ously studied.

[0007] In order to obtain a 3D image by using a 1D array
ultrasonic probe, a user moves the 1D array ultrasonic probe
manually or mechanically. When the 3D image is obtained as
the user manually manipulates the 1D array ultrasonic probe,
the quality of the 3D image is remarkably low due to irregular
constant intervals, and an error of the 3D image may be
increased according to users. Thus, recently, a method of
obtaining a 3D image by mechanically moving a 1D array
ultrasonic probe has been actively studied.

[0008] The method of obtaining a 3D image by mechani-
cally moving a 1D array ultrasonic probe may be performed
by moving an array axis of ultrasonic elements in parallel or
swinging an array axis of ultrasonic elements in a predeter-
mined angle. When the array axis is moved in parallel, the
array axis of the ultrasonic elements is moved to be parallel to
a region of a human body to be contrasted by using a motor.
Here, a contrast interval of the 3D image is maintained uni-
form and the occurrence of an error of the 3D image is
reduced. However, in order to contrast a wide region of the
human body, a size of an ultrasonic probe, including a power
generating unit, such as the motor, has to be relatively large,
and thus it is difficult to manufacture and use the ultrasonic
probe.

[0009] When the array axis is swung, the array axis of the
ultrasonic elements is swung in a predetermined angle above
a region of a human body to be contrasted while moving an
arc trajectory by using a power generating unit, such as a
motor. Since a size of an ultrasonic probe may be relatively
smaller than that when the array axis is moved in parallel, the
usability of the ultrasonic probe may be excellent.

[0010] Ultrasonic probes used to obtain a 3D image by
swinging an array axis of ultrasonic elements may be classi-
fied into mono-composition ultrasonic probes, wherein a
module including ultrasonic elements and a power generating
unit, such as a motor, are located in a single housing, and
dual-composition ultrasonic probes, wherein a module and a
power generating unit are not located in a single housing but
are individually located. According to a dual-composition
ultrasonic probe, a module and a power generating unit that
are not located within a same housing are coupled to each
other by a separate component. Here, a 2D image may be
obtained by using a general 1D array ultrasonic probe, but
since the power generating unit independently exists from the
module, a size of an ultrasonic probe is relatively larger than
a mono-composition ultrasonic probe, and thus the usability
of the dual-composition ultrasonic probe is low. In addition,
since a portion that actually swings with the module contacts
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a human body and presses a surface of the human body, a
quality of the 2D image may be lower than the mono-com-
position ultrasonic probe.

[0011] According to a mono-composition ultrasonic probe,
a module and a power generating unit are located in a same
housing, and thus a size of an ultrasonic probe may be rela-
tively smaller than a dual-composition ultrasonic probe. Also,
since a change of a surface of a human body that occurs when
the ultrasonic probe is used is remarkably reduced, the mono-
composition ultrasonic probe may be very conveniently used.

[0012] However, the producibility and durability of a gen-
eral mono-composition ultrasonic probe are low since a
mechanical driving relation for swinging an array axis of
ultrasonic elements in a predetermined angle is complex.
When the array axis is swung in a plurality of swing opera-
tions within a predetermined swing angle in order to obtain a
high-quality image, the swing operations are controlled only
by a motor driver. Thus, in order to increase the number of
swing operations, a motor or the motor driver is replaced or a
performance of the motor driver is increased through soft-
ware. Accordingly, manufacturing costs are increased and
utilization is decreased.

DISCLOSURE OF THE INVENTION

Technical Problem

[0013] The present invention provides an ultrasonic probe
using a vertically arranged motor, wherein the motor stands
upright in the ultrasonic probe and a side pulley is located in
a tangential direction of a probe-shaft pulley, thereby
enabling a rotating force generated by the vertically arranged
motor to be smoothly transferred to an array axis of ultrasonic
elements and significantly simplifying a structure of the ultra-
sonic probe to remarkably reduce manufacturing costs.

[0014] The present invention also provides an ultrasonic
probe using a vertically arranged motor, which has an ergo-
nomic design to significantly improve user satisfaction by
implementing a mechanism which enables a linear operation
through use of the vertically arranged motor.

Technical Solution

[0015] According to an aspect of the present invention,
there is provided

[0016] an ultrasonic probe using a vertically arranged
motor, wherein a 3 dimensional (3D) image is obtained
by swinging in a predetermined angle, an array axis of a
plurality of ultrasonic transmission and reception ele-
ments that are one-dimensionally arranged, the ultra-
sonic probe including: a rotation motor that stands
upright and generates a rotating force; two side pulleys
that convert a rotation direction of the rotating force by
receiving the rotating force from the rotation motor and
transfer the rotating force having the converted rotation
direction to a probe-shaft pulley; the probe-shaft pulley
that rotates the array axis of the plurality of ultrasonic
transmission and reception elements via the rotating
force received from the two side pulleys; and a wire that
transfers the rotating force by being wound on a rotation
shaft of the rotation motor, the side pulley, and the probe-
shaft pulley, wherein the two side pulleys are disposed to
be parallel in a tangential direction of the probe-shaft
pulley.

Jan. 30,2014

[0017] The wire may be wound on the rotation shaft of the
rotation motor at least once.

[0018] The wire may be wound on the rotation shaft of the
rotation motor in a spiral form.

[0019] The two side pulleys may be respectively disposed
on two sides of the rotation motor

[0020] The two side pulleys may be rotated by the wire
wound on the probe-shaft pulley while being located on a
plane vertical to a plane where the probe-shaft pulley is
placed.

[0021] Thetwo side pulleys may be rotated based on an axis
atapredetermined angle from the rotation shaft of the rotation
motor.

[0022] Each of the two side pulleys or the probe-shaft pul-
ley may include a groove for preventing the wire from devi-
ating, at an edge.

EFFECTS OF THE INVENTION

[0023] According to an ultrasonic probe using a vertically
arranged motor, a motor stands upright in the ultrasonic probe
and a side pulley is located in a tangential direction of a
probe-shaft pulley, thereby enabling a rotating force gener-
ated by the vertically arranged motor to be smoothly trans-
ferred to an array axis of ultrasonic elements and significantly
simplifying a structure of the ultrasonic probe to remarkably
reduce manufacturing costs.

[0024] In addition, according to the ultrasonic probe using
the vertically arranged motor, a mechanism which enables a
linear operation is implemented while using the vertically
arranged motor. Thus, the ultrasonic probe may have an ergo-
nomic design to significantly improve user satisfaction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a cross-sectional view of a general ultra-
sonic probe;
[0026] FIG. 2 is a perspective view of an ultrasonic probe

using a vertically arranged motor, according to an embodi-
ment of the present invention;

[0027] FIG. 3 is a diagram of an internal structure of an
ultrasonic probe using a vertically arranged motor, according
to an embodiment of the present invention;

[0028] FIG. 4 is a diagram of an internal structure of a
general ultrasonic probe using a to vertically arranged motor;
and

[0029] FIG. 5 is graphs for comparing a swing angle of a
general ultrasonic probe and a swing angle of an ultrasonic
probe using a vertically arranged motor, according to an
embodiment of the present invention.

EXPLANATION OF REFERENCE NUMERALS
DESIGNATING THE MAJOR ELEMENTS OF
THE DRAWINGS

[0030]

100: Ultrasonic Probe using Vertically Arranged Motor
110: Rotation Motor

130: Probe-Shaft Pulley

200: General Ultrasonic Probe using

Vertically Arranged Motor

210: Rotation Motor

230: Probe-Shaft Pulley

120: Side Pulley
140: Wire

220: Side Pulley
240: Wire
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0031] Hereinafter, the present invention will be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
While describing the present invention, detailed descriptions
about related well-known functions or configurations that
may diminish the clarity of the points of the present invention
are omitted. In the drawings, like reference numerals denote
like elements.

[0032] It will be understood that when a portion is referred
to as being “connected to” another region, it can be “directly
connected to” the other region, or “indirectly connected” with
an intervening elements therebetween.

[0033] Also, when an element is “included”, another ele-
ment may be further included unless stated otherwise.
[0034] FIG. 1 is a cross-sectional view of a general ultra-
sonic probe. As shown in FIG. 1, the general ultrasonic probe
includes a step motor in a lateral direction to swing an array
axis of ultrasonic transmission and reception elements,
wherein a motor-shaft pulley and a probe-shaft pulley are
connected to the step motor via a wire. Here, since the step
motor is disposed in the lateral direction, an overall shape of
the general ultrasonic probe is limited, and thus the general
ultrasonic probe is difficult to be used.

[0035] FIG. 2 is a perspective view of an ultrasonic probe
100 using a vertically arranged motor, according to an
embodiment of the present invention, and F1G. 3 is a diagram
of an internal structure of the ultrasonic probe 100, according
to an embodiment of the present invention. An upper drawing
in FIG. 3 1s a front view of the internal structure and a lower
drawing in FIG. 3 is a plan view of the internal structure. As
shown in FIGS. 2 and 3, the ultrasonic probe 100 that obtains
a 3 dimensional (3D) image by swinging in a predetermined
angle, an array axis of a plurality of ultrasonic transmission
and reception elements that are one-dimensionally arranged
may include a rotation motor 110, a side pulley 120, a probe-
shaft pulley 130, and a wire 140.

[0036] Therotation motor 110 stands upright and generates
a rotating force. Since the rotation motor 110 stands upright,
the ultrasonic probe 100 may have an ergonomic design. Of
course, the array axis of the ultrasonic transmission and
reception elements may move linearly as will be described
below even when the rotation motor 110 stands upright.
[0037] Here, providing the rotation motor 110 to stand
upright means that the rotation motor 110 is provided in a
direction of transmitting and receiving ultrasonic waves, and
a rotation direction of the rotating force generated by the
rotation motor 110 is converted by the side pulley 120 and
then is transferred to the probe-shaft pulley 130 that rotates
based on an axis vertical to a rotation shaft of the rotation
motor 110.

[0038] Two side pulleys 120 may be used, and may convert
the rotation direction of the rotating force upon receiving the
rotating force from the rotation motor 110 and transmit the
rotating force having the converted rotation direction to the
probe-shaft pulley 130. The two side pulleys 120 may be
respectively disposed on both sides of the rotation motor 110,
and smoothly transfer the rotating force of the rotation motor
110 through the wire 140. Also, the two side pulleys 120 may
be disposed in parallel to a tangential direction of the probe-
shaft pulley 130 in order to suitably change the rotation direc-
tion of the rotating force.
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[0039] Inother words, the side pulley 120 may be rotated by
the wire 140 wound on the probe-shaft pulley 130 while being
placed on a plane vertical to a plane where the probe-shaft
pulley 130 is placed, and may rotate based on an axis at a
predetermined angle from the rotation shaft of the rotation
motor 110. As such, by disposing the side pulley 120 to be
misaligned from the probe-shaft pulley 130 and the rotation
motor 110, the rotating force of the rotation motor 110 may be
transferred to the probe-shaft pulley 130 after converting the
rotation direction of the rotating force to be vertical. Effects
obtained via the misaligned arrangement of the side pulley
120 will now be described in detail with reference to FIG. 4.
[0040] FIG. 4 is a diagram of an internal structure of a
general ultrasonic probe 200 using a vertically arranged
motor. An upper drawing of FIG. 4 is a front view of the
internal structure and a lower drawing of FIG. 4 is a plan view
of the internal structure. As shown in FIG. 4, in the general
ultrasonic probe 200, a total of four side pulleys 220 are used
to smoothly transfer a rotating force from a rotation motor
210 to a probe-shaft pulley 230. However, such an internal
structure is very complex, and thus manufacturing costs are
increased.

[0041] However, according to the ultrasonic probe 100,
since the rotating force is transferred to the probe-shaft pulley
130 by using the two side pulleys 120 that are misaligned
from the probe-shaft pulley 130 but are disposed in parallel on
a tangential line of the probe-shaft pulley 130 as described
above, the number of side pulleys 120 may be reduced, and
the rotating force may be effectively prevented from being
unnecessarily reduced due to friction with the wire 140 while
transferring the rotating force.

[0042] The probe-shaft pulley 130 rotates the array axis of
the ultrasonic transmission and reception elements via the
rotating force received from the side pulley 120.

[0043] Since the ultrasonic probe 100 is an ultrasonic probe
that obtains a 3D image by swinging the array axis of the
ultrasonic transmission and reception elements that are one-
dimensionally arranged, the rotating force generated by the
rotation motor 110 may be transferred to the probe-shaft
pulley 130 for a swing motion. Here, as described above, by
particularly disposing the side pulleys 120 required to trans-
mit the rotating force, a structure of the ultrasonic probe 100
may be simplified, thereby reducing the manufacturing costs
while increasing the transmission efficiency of the rotating
force.

[0044] Here, a groove (not shown) for preventing the wire
140 from deviating may be formed at an edge of the probe-
shaft pulley 130. In other words, in the ultrasonic probe 100,
the wire 140 moves while being inserted into the groove of the
probe-shaft pulley 130 so that the rotating force is transferred
to the probe-shaft pulley 130 via a friction generated between
the wire 140 and the probe-shaft pulley 130, while preventing
the wire 140 from being separated from the probe-shaft pulley
130 by sliding during an operation. Here, the groove for
preventing the wire 140 from deviating may not only formed
at the edge of the probe-shaft pulley 130, but also at the edge
of the side pulley 120.

[0045] The wire 140 transfers the rotating force by being
wound on the rotation shaft of the rotation motor 110, the side
pulley 120, and the probe-shaft pulley 130. Since the rotating
force is transferred via friction, the wire 140 may be formed
of amaterial capable of generating enough frictional force not
to slide from surfaces of the probe-shaft pulley 130 and the
side pulley 120.
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[0046] The wire 140 may be wound on the rotation shaft of
the rotation motor 110 at least once so that the rotating force
of the rotation motor 110 is transferred to the probe-shaft
pulley 130 without any loss. Here, the wire 140 may be wound
on the rotation shaft of the rotation motor 110 in a spiral form
so that the wire 140 that is wound a plurality of times does not
interfere with itself, and thus heights of the side pulleys 120
on the both sides of the rotation motor 110 may be different.
In other words, the wire 140 wound on the side pulley 120 on
the left of the rotation shaft may be wound on the rotation
shaft in a spiral form and come out at the right of the rotation
shaft, and thus the side pulley 120 on the right of the rotation
shaft may be provided lower than the side pulley 120 on the
left of the rotation shaft. However, locations of the side pul-
leys 120 are not limited thereto, and a loss of the rotating force
may be sufficiently prevented as long as the heights of the side
pulleys 120 are different.

[0047] FIG. 5 is graphs for comparing a swing angle of a
general ultrasonic probe and a swing angle of the ultrasonic
probe 100, according to an embodiment of the present inven-
tion. As shown in FIG. 5 (a), in the general ultrasonic probe
wherein a rotation motor is disposed in a lateral direction, a
swing angle 0 of an array axis of ultrasonic transmission and
reception elements is increased as a rotation angle o of the
rotation motor is increased, but since an increasing rate is low,
a wide swing is not possible. On the other hand, as shown in
FIG. 5 (), in the ultrasonic probe 100, by providing the
rotation motor 110 to stand upright, a swing angle 6 of an
array axis of ultrasonic transmission and reception elements
is remarkably increased when a rotation angle o of the rota-
tion motor 110 is increased. This means that the array axis of
the ultrasonic transmission and reception elements may
swing in a wider range than the general ultrasonic probe, and
thus a user may further conveniently scan a body of a patient
compared to the general ultrasonic probe, thereby remarkably
increasing user convenience.

[0048] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
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in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

1. An ultrasonic probe using a vertically arranged motor,
wherein a 3 dimensional (3D) image is obtained by swinging
in a predetermined angle, an array axis of a plurality of
ultrasonic transmission and reception elements that are one-
dimensionally arranged, the ultrasonic probe comprising:

arotation motor that stands upright and generates a rotating

force;
two side pulleys that convert a rotation direction of the
rotating force by receiving the rotating force from the
rotation motor and transfer the rotating force having the
converted rotation direction to a probe-shaft pulley;

the probe-shaft pulley that rotates the array axis of the
plurality of ultrasonic transmission and reception ele-
ments via the rotating force received from the two side
pulleys; and

awire that transfers the rotating force by being wound ona

rotation shaft of the rotation motor, the side pulley, and
the probe-shaft pulley,

wherein the two side pulleys are respectively disposed on

two sides of the rotation motor to be parallel in a tan-
gential direction of the probe-shaft pulley, are rotated by
the wire wound on the probe-shaft pulley while being
located on a plane vertical to a plane where the probe-
shaft pulley is placed, and are rotated based on an axis at
a predetermined angle from the rotation shaft of the
rotation motor.

2. The ultrasonic probe of claim 1, wherein the wire is
wound on the rotation shaft of the rotation motor at least once.

3. The ultrasonic probe of claim 2, wherein the wire is
wound on the rotation shaft of the rotation motor in a spiral
form.

4. The ultrasonic probe of claim 1, wherein each of the two
side pulleys or the probe-shaft pulley comprises a groove for
preventing the wire from deviating, at an edge.
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