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ULTRASONIC DIAGNOSTIC APPARATUS

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.
10-2018-0026836, filed on Mar. 7, 2018 in the Korean
Intellectual Property Office, the disclosure of which is
incorporated by reference herein in its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an ultrasonic
diagnostic apparatus, and more particularly, to an ultrasonic
diagnostic apparatus including an improved actuator for
compensating for the weight of an input/output device.

2. Description of the Related Art

[0003] An ultrasonic diagnostic apparatus is an apparatus
that irradiates an ultrasonic signal from a body surface of a
target toward a target site in the body and obtains an image
of a monolayer or blood flow of soft tissues without invasion
by using information of a reflected ultrasonic signal (ultra-
sonic echo signal).

[0004] The ultrasonic diagnostic apparatus is small, inex-
pensive, real-time displayable, easy to use, and has a high
level of safety because there is no radiation exposure,
compared to other imaging apparatuses such as an X-ray
diagnostic apparatus, an X-ray CT scanner, an MRI (Mag-
netic Resonance Image) and a nuclear medicine diagnostic
apparatus.

[0005] Accordingly, the ultrasonic diagnostic apparatus is
widely used for the diagnosis of the heart, abdomen, urinary
system and in the field of obstetrics.

[0006] The ultrasonic diagnostic apparatus may include a
main body, a display disposed on an upper portion of the
main body and displaying a diagnostic result obtained
through the received ultrasound as an image, and a control
panel disposed at the front of the display to allow a user to
operate the ultrasonic diagnostic apparatus.

[0007] The control panel and the display may correspond
to an input/output device for inputting or outputting infor-
mation. For ease of diagnosis of the user using the ultrasonic
diagnostic apparatus, the input/output device should be
movable.

[0008] Accordingly, the ultrasonic diagnostic apparatus
may include an actuator that compensates for a weight of the
input/output device so that the user may smoothly move the
input/output device.

[0009] In general, the actuator may include a gas spring, a
tension spring, or a compression spring. The actuator includ-
ing the gas spring may have different acting forces depend-
ing on the temperature expansion or contraction of gas and
liquid, and defects may occur due to gas leakage when a
high-pressure cylinder is used for a long period of time.
[0010] Since the actuator including the compression
spring uses a separate wire, disconnection of the wire may
be caused. The actuator including the tension spring may be
insufficient to realize a slim design because of its compli-
cated structure.

[0011] In addition, since the actuator including the gas
spring, the tension spring, or the compression spring should
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be disposed at a central portion of a connection device
connecting the main body and the input/output device, the
arrangement of a cable provided inside the connection
device may be hindered.

SUMMARY

[0012] Tt is an aspect of the present disclosure to provide
an ultrasonic diagnostic apparatus including an improved
actuator to compensate for a weight of an input/output
device so that a user may smoothly move the input/output
device.

[0013] It is another aspect of the present disclosure to
provide an ultrasonic diagnostic apparatus including an
improved actuator including a torsion spring.

[0014] It is another aspect of the present disclosure to
provide an ultrasonic diagnostic apparatus including an
improved actuator to exert the same rotational force regard-
less of a rotational angle of a connecting device.

[0015] Additional aspects of the present disclosure will be
set forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned by
practice of the present disclosure.

[0016] In accordance with an aspect of the present disclo-
sure, an ultrasonic diagnostic apparatus may include a main
body, an input/output device coupled to the main body and
configured to receive information from a user or output
information received from the main body, and a connection
device to connect the main body and the input/output device,
wherein the connection device may include a shaft having a
shaft body, a link frame having a frame body and a shaft
coupling portion extending from the frame body to be
coupled with the shaft, and an actuator including a torsion
spring having a first end supported by the shaft and a second
end supported by the link frame, so as to compensate for a
weight of the input/output device.

[0017] The link frame may include a first link frame and
a second link frame adjacent to the first link frame, and the
first end may be supported by the shaft passing through the
first link frame and the second end may be supported by the
second link frame.

[0018] The actuator may be configured to be rotated
together with the link frame.

[0019] The actuator may be configured to exert the same
rotational force irrespective of a rotation angle of the link
frame.

[0020] The shaft may include a first coupling portion
provided to be engaged with the link frame and rotated
together with the link frame, and the link frame may include
a second coupling portion provided to be engaged with the
first coupling portion.

[0021] The actuator may include a third coupling portion
provided to be engaged with the shaft and rotated together
with the shaft, and the shaft may include a fourth coupling
portion provided to be engaged with the third coupling
portion.

[0022] The first coupling portion may include a protrusion
protruding from the shaft body.

[0023] The shaft coupling portion may include a coupling
portion body and a through portion provided on the coupling
portion body to insert the shaft body, and the second
coupling portion may include a hole extending from the
through portion.

[0024] The fourth coupling portion may include a first
supporting portion extending from the shaft body to support
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the actuator, and a groove provided on the first supporting
portion to receive the third coupling portion.

[0025] The link frame may further include a second sup-
porting portion provided on the frame body to support the
second end.

[0026] The second supporting portion may support the
second end and a portion between the first end and the
second end according to the rotation of the link frame.
[0027] The second supporting portion may include a roller
provided to roll along the actuator by the rotation of the link
frame.

[0028] A plurality of the actuators may be provided, and
the plurality of actuators may be disposed at opposite end
portions of the shaft, respectively.

[0029] A plurality of the shafts, the shaft coupling por-
tions, and the actuators may be provided, and the plurality of
actuators may be disposed on the plurality of respective
shafts inserted into two of the respective shaft coupling
portions facing each other among the plurality of shaft
coupling portions.

[0030] A plurality of the shafts and the shaft coupling
portions may be provided, and the plurality of shafts may be
disposed on the plurality of shaft coupling portions, respec-
tively.

[0031] In accordance with another aspect of the present
disclosure, an ultrasonic diagnostic apparatus may include a
main body. an input/output device coupled to the main body
and configured to receive information from a user or output
information received from the main body, and a connection
device to connect the main body and the input/output device,
wherein the connection device includes a link frame pro-
vided to be rotatable, a shaft coupled with one end portion
of the link frame to be rotated together with the link frame,
and an actuator configured to compensate for a weight of the
input/output device and rotate together with the link frame
and the shaft.

[0032] The actuator may include a torsion spring having a
first end supported by the shaft and a second end supported
by the link frame.

[0033] The link frame may include a first link frame and
a second link frame adjacent to the first link frame, and the
first end may be supported by the shaft passing through the
first link frame and the second end is supported by the
second link frame.

[0034] In accordance with another aspect of the present
disclosure, an ultrasonic diagnostic apparatus may include a
main body, a control panel coupled to the main body and
configured to receive information from a user, a display
coupled to the control panel and configured to output
information received from the main body, and an arm to
connect the control panel and the display, wherein the arm
includes, a link frame including a first link frame provided
to be rotatable and a second link frame adjacent to the first
link frame, a shaft inserted into the link frame, and an
actuator having a first end supported by the shaft passing
through the first link frame and a second end supported by
the second link frame, so as to exert the same rotational force
irrespective of a rotation angle of the link frame.

[0035] The actuator may include a torsion spring config-
ured to be rotated together with the shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] These and/or other aspects of the present disclosure
will become apparent and more readily appreciated from the
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following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0037] FIG. 1is a perspective view illustrating an appear-
ance of an ultrasonic diagnostic apparatus according to the
present disclosure;

[0038] FIG. 2 is a view illustrating an appearance of a side
of an ultrasonic diagnostic apparatus according to the pres-
ent disclosure;

[0039] FIG. 3 is a perspective view illustrating the inside
of a connection device in an ultrasonic diagnostic apparatus
according to an embodiment of the present disclosure;
[0040] FIG. 4 is a perspective view illustrating the inside
of a connection device in which an actuator is detached in an
ultrasonic diagnostic apparatus according to an embodiment
of the present disclosure;

[0041] FIG. 5 is a perspective view illustrating the inside
of a connection device in which an actuator and a shaft are
detached in an ultrasonic diagnostic apparatus according to
an embodiment of the present disclosure;

[0042] FIG. 6 is a view illustrating a state in which a
connection device is moved to the lowermost portion in an
ultrasonic diagnostic apparatus according to an embodiment
of the present disclosure;

[0043] FIG. 7 is a view illustrating a state in which a
connection device is moved to be horizontal in an ultrasonic
diagnostic apparatus according to an embodiment of the
present disclosure;

[0044] FIG. 8 is a view illustrating a state in which a
connection device is moved to the uppermost portion in an
ultrasonic diagnostic apparatus according to an embodiment
of the present disclosure;

[0045] FIG. 9 is a perspective view illustrating the inside
of a connection device in an ultrasonic diagnostic apparatus
according to another embodiment of the present disclosure;
[0046] FIG. 10 is a view illustrating a state in which a
second supporting portion includes a roller in an ultrasonic
diagnostic apparatus according to another embodiment of
the present disclosure; and

[0047] FIG. 11 is a view illustrating a plurality of shafts in
an ultrasonic diagnostic apparatus according to another
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0048] The embodiments described herein and the con-
figurations shown in the drawings are only examples of
preferred embodiments of the present disclosure, and vari-
ous modifications may be made at the time of filing of the
present disclosure to replace the embodiments and drawings
of the present application.

[0049] Like reference numbers or designations in the
various drawings of the present application represent parts
or components that perform substantially the same func-
tions.

[0050] The terms used in this specification are for the
purpose of describing the embodiments and are not intended
to restrict and/or to limit the disclosure. The singular expres-
sions may include plural expressions, unless the context
clearly dictates otherwise.

[0051] In this specification, the terms “comprises” and
“has” are intended to indicate that there are features, num-
bers, steps, operations, elements, parts, or combinations
thereof described in the specification, and do not exclude the
presence or addition of one or more other features, numbers,
steps, operations, elements, parts, or combinations thereof.
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[0052] Tt will be understood that, although the terms first,
second, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These terms are only used to distinguish one com-
ponent from another.

[0053] For example, without departing from the scope of
the present disclosure, the first component may be referred
to as a second component, and similarly, the second com-
ponent may also be referred to as a first component.

[0054] In this specification, the terms “front,” “rear,”
“upper,” “lower,” “left,” and “right” are defined with refer-
ence to the drawings, and the shape and position of each
component are not limited by these terms.

[0055] Hereinafter, embodiments according to the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0056] FIG. 1is a perspective view illustrating an appear-
ance of an ultrasonic diagnostic apparatus according to the
present disclosure, and FIG. 2 is a view illustrating an
appearance of a side of an ultrasonic diagnostic apparatus
according to the present disclosure.

[0057] As illustrated in FIGS. 1 and 2, an ultrasonic
diagnostic apparatus 1 may include a main body 10, and a
probe 20 for transmitting an ultrasonic signal to an object to
be diagnosed and receiving a signal reflected from the
object.

[0058] The probe 20 may be connected to the main body
10 through a wireless or wired communication network to
receive various signals required for controlling the probe 20
or to transmit an analog signal or a digital signal corre-
sponding to the echo ultrasonic signal received by the probe
20.

[0059] The wireless communication network refers to a
communication network capable of transmitting and receiv-
ing signals wirelessly and the main body 10 may perform
wireless communication with the probe 20 through at least
one of a short-range communication module and a mobile
communication module.

[0060] The short-range communication module may refer
to a module for short-range communication within a prede-
termined distance.

[0061] For example, the short-range communication tech-
nology may include wireless LAN, Wi-Fi, Bluetooth, Zig-
bee, Wi-Fi Direct (WFD), Ultra-Wideband (UWB), Infrared
Data Association (IrDA), Bluetooth Low Energy (BLE),
Near Field Communication (NFC), and the like.

[0062] The mobile communication module may transmit
and receive a wireless signal with at least one of a base
station, an external terminal, and a server on a mobile
communication network. Herein, the wireless signal may
refer to a signal including various types of data.

[0063] That is, the main body 10 may exchange signals
including various types of data with the probe 20 via at least
one of a base station and a server.

[0064] For example, the main body 10 may exchange
signals including various types of data with the probe 20 via
a base station using a mobile communication network such
as 3G and 4G.

[0065] The main body 10 may exchange data with a
hospital server connected through a Picture Archiving and
Communication System (PACS) or other medical devices in
the hospital.
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[0066] The main body 10 may exchange data according to
the DICOM (Digital Imaging and Communications in Medi-
cine) standard, but is not limited thereto.

[0067] The main body 10 may exchange data with the
probe 20 through a wired communication network. The
wired communication network may refer to a communica-
tion network capable of sending and receiving signals to and
from a wired network.

[0068] The main body 10 may exchange various signals
with the probe 20 using a wired communication network
such as a Peripheral Component Interconnect (PCI), a PCI-
express, and a Universe Serial Bus (USB), but is not limited
thereto.

[0069] The ultrasonic diagnostic apparatus 1 may include
a display 40 disposed at an upper portion of the main body
10 for outputting a result obtained through the received
ultrasonic signal as an image, and a control panel 50 for
inputting various commands for allowing the user to operate
the ultrasonic diagnostic apparatus 1.

[0070] An application relating to the operation of the
ultrasonic diagnostic apparatus 1 may be displayed on the
display 40. For example, ultrasonic images obtained in the
ultrasonic diagnostic process or items relating to the opera-
tion of the ultrasonic diagnostic apparatus 1 may be dis-
played on the display 40.

[0071] When a plurality of the displays 40 are provided,
the displays 40 may include a main display and an auxiliary
display. For example, ultrasonic images obtained in the
ultrasonic diagnostic process may be displayed on the main
display, and items relating to the operation of the ultrasonic
diagnostic apparatus 1 may be displayed on the auxiliary
display.

[0072] The control panel 50 may receive not only the
setting information relating to the probe 20 from the user but
also various control commands for controlling the various
ultrasonic diagnostic apparatuses 1 and the like.

[0073] The setting information relating to the probe 20
includes gain information, zoom information, focus infor-
mation, TGC (Time Gain Compensation) information, depth
information, frequency information, power information,
frame average information, dynamic range information, and
the like.

[0074] However, the setting information relating to the
probe 20 is not limited to this embodiment, and may include
information of various items that may be set for photograph-
ing an ultrasonic image. The information may be transmitted
to the probe 20 through a wireless communication network
or a wired communication network, and the probe 20 may be
set according to the received information.

[0075] The main body 10 may receive various control
commands such as an ultrasonic signal transmission com-
mand from the user through the control panel 50 or the
display 40 and may transmit the control commands to the
probe 20.

[0076] The display 40 may be implemented in various
known ways such as a cathode ray tube (CRT), a liquid
crystal display (LCD), a light emitting diode (LED), a
plasma display panel (PDP), and an organic light emitting
diode (OLED), but is not limited thereto.

[0077] The display 40 may display an ultrasonic image of
a target site within the object. The ultrasonic image dis-
played on the display 40 may be a 2D ultrasonic image or a
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3D ultrasonic image and various ultrasonic images may be
displayed according to the operation modes of the ultrasonic
diagnostic apparatus 1.

[0078] The display 40 may display not only menus and
information items necessary for the ultrasonic diagnosis but
also information on the operation state of the probe 20 and
the like.

[0079] The ultrasonic image includes not only an ampli-
tude-mode (A-mode) image, a brightness mode (B-mode)
image, and a motion mode (M-mode) image, but also a
color-mode (C-mode) image and a Doppler-mode (D-mode)
image.

[0080] The A-mode image may refer to an ultrasonic
image representing the size of the ultrasonic signal corre-
sponding to an echo ultrasonic signal, the B-mode image
may refer to an ultrasonic image in which the size of the
ultrasonic signal corresponding to an echo ultrasonic signal
is represented by brightness, and the M-mode image may
refer to an ultrasonic image that indicates the movement of
the object over time at a specific location.

[0081] The D-mode image may refer to an ultrasonic
image in which a moving object is represented in a wave-
form using the Doppler effect, and the C-mode image may
refer to an ultrasonic image in which a moving object is
represented in a color spectrum form.

[0082] Meanwhile, when the display 40 is implemented as
a touch screen type, the display 40 may also perform the
function of the control panel 50. That is, the main body 10
may receive various commands from the user through at
least one of the display 40 and the control panel 50.
[0083] The control panel 50 may be provided in the form
of a keyboard, a foot switch, a foot pedal, or the like. When
the control panel 50 is a keyboard, the control panel 50 may
be provided on an upper portion of the main body 10. When
the control panel 50 is a foot switch or a foot pedal, the
control panel 50 may be provided on a lower portion of the
main body 10.

[0084] For example, the keyboard may be implemented as
hardware. Such keyboard may include at least one of a
switch, a key, a joystick, and a trackball. As another
example, the keyboard may be implemented as software,
such as a graphical user interface. In this case, the keyboard
may be displayed through the display 40.

[0085] In addition, although not shown in the drawings,
the main body 10 may be provided with a voice recognition
sensor to receive a voice command from the user.

[0086] The display 40 and the control panel 50 may be
defined as an input/output device 60 by being combined
together in that the display 40 and the control panel 50
receive information from the user or transmit information to
the user.

[0087] The main body 10 may be provided with a moving
device 30 to move the ultrasonic diagnostic apparatus 1. The
moving device 30 may be a plurality of castors provided on
a bottom surface of the main body 10.

[0088] The plurality of castors may be aligned to allow the
main body 10 to run in a specific direction, may be arranged
to be freely movable in any direction, or may be locked to
stop at a specific position.

[0089] The ultrasonic diagnostic apparatus 1 may include
a connection device 100 for connecting the control panel 50
or the display 40 to the main body 10. The connection device
100 may include an arm 100a for connecting the display 40
and the control panel 50, and a lift 1006 for connecting the

Sep. 12,2019

control panel 50 and the main body 10. The arm 100a may
rotate or move the display 40.

[0090] The arm 100a constituting the connection device
100 will be described below but the explanation of the arm
100a may be applied to the lift 1005 constituting the
connecting device 100 as well.

[0091] FIG. 3 is a perspective view illustrating the inside
of a connection device in an ultrasonic diagnostic apparatus
according to an embodiment of the present disclosure, FIG.
4 is a perspective view illustrating the inside of a connection
device in which an actuator is detached in an ultrasonic
diagnostic apparatus according to an embodiment of the
present disclosure, and FIG. 5 is a perspective view illus-
trating the inside of a connection device in which an actuator
and a shaft are detached in an ultrasonic diagnostic appara-
tus according to an embodiment of the present disclosure.
[0092] As illustrated in FIGS. 3 to 5, the connection
device 100 according to an embodiment of the present
disclosure may include a link frame 110 provided to be
rotatable and a cover 130 provided to cover the link frame
110.

[0093] A plurality of the covers 130 may be provided and
be detachably configured to cover opposite sides of the link
frame 110. However, the present disclosure is not limited
thereto.

[0094] The link frame 110 may include a first link frame
1104 and a second link frame 1105 adjacent to the first link
frame 110a. The second link frame 1105 may be disposed
below the first link frame 110a, but is not limited thereto.
[0095] The connection device 100 may include a shaft 120
provided to be coupled to one end portion of the link frame
110. The link frame 110 may be configured to rotate about
the shaft 120. The shaft 120 may constitute a rotation axis of
the link frame 110.

[0096] The connection device 100 may include an actuator
200 configured to compensate for a weight of the input/
output device 60 (refer to FIG. 1) including the display 40.
[0097] The input/output device 60 may generate a load on
the connection device 100 by the weight of the input/output
device 60, and thus the actuator 200 may be configured to
generate a supporting force for compensating for the weight.
[0098] The actuator 200 may perform a function of sup-
porting the load of the input/output device 60 and may also
perform a buffering action for absorbing impact transmitted
to the input/output device 60 and a function of fixing the
position of the input/output device 60.

[0099] The actuator 200 may include an automatic actua-
tor including a driving member (not shown) configured to
automatically move the input/output device 60 by the user,
and a manual actuator configured to manually move the
input/output device 60 by the user.

[0100] Hereinafter, the actuator 200 according to the pres-
ent invention will be described with reference to the manual
actuator.

[0101] The actuator 200 may include a gas spring. The gas
spring may refer to an element that performs a spring
fanction by utilizing the elasticity of a gas (air or nitrogen)
charged in a closed space.

[0102] The gas spring may have a feature of varying the
air pressure so that the stroke of the spring may be kept
constant regardless of an increase or decrease of the load.
Since the gas spring uses gas inside a piston, the gas spring
may be affected by the ambient temperature due to the
characteristics of the gas.
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[0103] For example, assuming an average temperature of
20° C. in Korea, when the ultrasonic diagnostic apparatus 1
produced in Korea is moved to an equatorial region where
the external temperature is 50° C., the supporting force
generated by the gas spring may be increased due to the
external temperature.

[0104] Accordingly, in this case, when the ultrasonic diag-
nostic apparatus 1 produced in accordance with the tem-
perature of Korea is moved to a hot region, the supporting
force generated by the gas spring becomes large, so that the
input/output device 60 may be moved too easily, contrary to
the user’s intention.

[0105] When the input/output device 60 is to be moved
upward in this state, not only the input/output device 60 but
also the main body 10 (refer to FIG. 1) of the ultrasonic
diagnostic apparatus 1 may be moved up together.

[0106] On the contrary, when the ultrasonic diagnostic
apparatus 1 is moved to a region where the temperature falls
below zero, such as the Antarctic or the Arctic, the support-
ing force generated by the gas spring may converge to
almost zero.

[0107] Accordingly, in this case, since the supporting
force generated by the gas spring may not compensate for
the weight of the input/output device 60, the user may need
a great deal of force to move the input/output device 60.
[0108] Therefore, due to the characteristics of the gas
spring, when the ultrasonic diagnostic apparatus 1 produced
based on the temperature of Korea is moved to another
region, the supporting force generated by the gas spring may
be changed, so that it may be difficult for the user to move
the input/output device 60.

[0109] The actuator 200 may also include a compression
spring or a tension spring. The compression spring may
cause disconnection of a wire due to interference with the
wire (not shown) provided inside the connection device 100.
[0110] The actuator 200 including the tension spring may
be insuflicient to realize a slim design because of its com-
plicated structure.

[0111] Since the actuator 200 including the gas spring, the
tension spring, or the compression spring should be disposed
at a central portion of the inside of the connection device 100
that connects the main body 10 and the input/output device
60, the arrangement of a cable (not shown) provided inside
the connection device 100 may be hindered.

[0112] The actuator 200 according to the present disclo-
sure may include a torsion spring 200a. The actuator 200
may generate a supporting force capable of compensating
for the weight of the input/output device 60 through a simple
structure using the torsion spring 200a.

[0113] The supporting force may be maintained by mount-
ing the torsion spring 200a on the shaft 120 which is the
rotation axis of the link frame 110, and the required sup-
porting force in accordance with the angle of the input/
output device 60 in the up and down operation may realize
the weight compensation according to the angle of the
torsion spring 200a.

[0114] The link frame 110 may include a frame body 111
and at least one shaft coupling portion 112 extending from
the frame body 111 to be coupled to the shaft 120.

[0115] The shaft coupling portion 112 may include a
coupling portion body 113 and a through portion 114 pro-
vided on the coupling portion body 113 to insert the shaft
120.
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[0116] A plurality of the shaft coupling portions 112 may
be provided. Although the present disclosure exemplifies
that four of the shaft coupling portions 112 extend from
opposite sides of opposite ends of the frame body 111, but
it is not limited thereto.

[0117] The first link frame 110a may include four of the
shaft coupling portions 112 and the second link frame 1105
may include four of the shaft coupling portions 112, and thus
the link frame 110 according to the present disclosure may
include a total of eight of the shaft coupling portions 112.
However, the present disclosure is not limited thereto.
[0118] The through portion 114 may form a hole to allow
the shaft 120 to pass therethrough, but is not limited thereto.
The respective through portions 114 provided on two of the
shaft coupling portions 112 facing each other among the
plurality of shaft coupling portions 112 may be formed to be
coaxial with each other.

[0119] The shaft 120 may include a shaft body 121 and a
first coupling portion 122 formed so that the shaft 120 is
coupled to the link frame 110 to be rotated together with the
link frame 110.

[0120] The first coupling portion 122 may include a pro-
trusion 122a protruding from the shaft body 121. The first
coupling portion 122 may protrude from opposite sides of
the shaft body 121.

[0121] A plurality of the first coupling portions 122 may
be provided. Four of the first coupling portions 122 protrud-
ing from the opposite sides of opposite ends of the shaft
body 121 may be provided. However, the present disclosure
is not limited thereto.

[0122] The link frame 110 may include a second coupling
portion 115 formed to be engaged with the first coupling
portion 122 to be rotated together with the shaft 120. The
second coupling portion 115 may extend from the through
portion 114. The second coupling portion 115 may include
a hole 1154, but is not limited thereto.

[0123] The actuator 200 may include a first end 210
supported by the shaft 120 and a second end 220 supported
by the link frame 110. The first end 210 may be supported
by the shaft 120 passing through the first link frame 110q,
and the second end 220 may be supported by the second link
frame 110.

[0124] The first end 210 may be formed by winding the
torsion spring 200g and may include a third coupling portion
211 provided to allow the actuator to be engaged with the
shaft 120 and rotated together with the shaft 120.

[0125] The third coupling portion 211 may be formed by
bending the first end 210 having a shape in which the torsion
spring 200q is wound, but is not limited thereto.

[0126] The shaft 120 may include a fourth coupling por-
tion 123 formed to be engaged with the third coupling
portion 211 to be rotated together with the actuator 200. The
fourth coupling portion 123 may extend from opposite ends
of the shaft body 121.

[0127] The fourth coupling portion 123 may include a first
supporting portion 124 extending from the shaft body 121 to
support the actuator 200 and a groove 125 provided in the
first supporting portion 124 to receive the third coupling
portion 211.

[0128] The first supporting portion 124 may be inserted
into the first end 210 on which the torsion spring 200a is
wound. The third coupling portion 211 may be inserted into
the groove 125. However, the present disclosure is not
limited thereto.
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[0129] The link frame 110 may include a second support-
ing portion 116 provided on the frame body 111 to support
the second end 220. The second supporting portion 116 may
protrude from the frame body 111.

[0130] The second supporting portion 116 may be formed
in a cylindrical shape. The second end 220 may be formed
by bending an end portion of the torsion spring 2004 so as
to be elastically supported on the second supporting portion
116. The bending of the second end 220 may correspond to
the curvature of the second supporting portion 116. How-
ever, the present disclosure is not limited thereto.

[0131] FIG. 6 is a view illustrating a state in which a
connection device is moved to the lowermost portion in an
ultrasonic diagnostic apparatus according to an embodiment
of the present disclosure, FIG. 7 is a view illustrating a state
in which a connection device is moved to be horizontal in an
ultrasonic diagnostic apparatus according to an embodiment
of the present disclosure, and FIG. 8 is a view illustrating a
state in which a connection device is moved to the upper-
most portion in an ultrasonic diagnostic apparatus according
to an embodiment of the present disclosure.

[0132] As illustrated in FIGS. 6 to 8, the link frame 110
may be configured to be rotatable within a predetermined
range about the shaft 120. The supporting force of the
actuator 200 may vary depending on the weight of the
input/output device 60 (refer to FIG. 1) and a rotation angle
of the link frame 110.

[0133] For example, in a state where the link frame 110 is
rotated upward (refer to FIG. 8), the rotation angle of the
link frame 110 may be reduced as the link frame 110 rotates
downward.

[0134] Accordingly, the supporting force required for the
weight compensation of the input/output device 60 may be
increased. When the link frame 110 is horizontal (refer to
FIG. 7), that is, when the rotation angle of the link frame 110
is right-angled, the required supporting force may be maxi-
mized.

[0135] As the link frame 110 is further rotated downward
from the horizontal position (refer to FIG. 6), the supporting
force required for the weight compensation of the input/
output device 60 may be reduced.

[0136] Generally, an elastic force generated by the torsion
spring 200¢ may have a substantially linear characteristic.
Accordingly, in a case where a torsion spring having a fixed
rotation axis is used as the actuator 200 for the weight
compensation of the input/output device 60, the torsion
spring may be used accurately only within a range in which
the rotation angle of the link frame 110 is between 60
degrees and 90 degrees, which is an approximate propor-
tional section.

[0137] However, in the case of applying the torsion spring
200¢ in which the rotation angle of the link frame 110 is set
between 60 degrees and 90 degrees, a compensating sup-
porting force greater than the required supporting force due
to the linearity of the torsion spring 200a may be generated
in the range of the rotation angle of the link frame 110 from
90 degrees to 120 degrees.

[0138] Accordingly, in this case, the input/output device
60 may not be maintained at the rotational angle of 120
degrees, and may be returned and positioned near the
rotational angle of 90 degrees.

[0139] That is, in a case where a torsion spring having a
fixed rotation axis is used, when the rotational angle of the
link frame 110 is 90 degrees, perfect weight compensation
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may be realized, but when the rotation angle of the link
frame 110 is in the range of 90 degrees to 120 degrees, the
reaction force in the opposite direction of gravity is
increased, and thus the link frame 110 may not be lowered
to a position corresponding to the rotation angle of 120
degrees and may be positioned near a position correspond-
ing to the rotation angle of 90 degrees.

[0140] The actuator 200 according to the present disclo-
sure may include the torsion spring 200a having a rotation
axis that is rotated together with the link frame 110 and the
shaft 120.

[0141] Accordingly, the actuator 200 may exert the same
rotational force irrespective of the rotation angle of the link
frame 110. That is, since the rotation axis of the torsion
spring 200a rotates together with the rotation of the link
frame 110, an angle 6 between a reference line and the
torsion spring 200a may always be constant.

[0142] Contrary to the general case of using a torsion
spring in which a rotation axis is fixed, since the rotation axis
of the torsion spring 200a according to the present disclo-
sure rotates together with the rotation of the link frame 110,
the same supporting force may be generated without
depending on the rotation angle of the link frame 110.
[0143] To this end, the shaft 120 of the present disclosure
may be configured to be rotated together with the link frame
110 by engaging with the link frame 110, and the actuator
200 including the torsion spring 200a may be configured to
be rotated together with the shaft 120 by engaging with the
shaft 120.

[0144] The second supporting portion 116 may support the
second end 220 and a portion between the first end 210 and
the second end 220 according to the rotation of the link
frame 110. That is, when the rotation angle of the link frame
110 is 120 degrees, the second supporting portion 116 may
support the second end 220.

[0145] When the link frame 110 rotates upward so that the
rotation angle of the link frame 110 is shifted from 120
degrees to 60 degrees, the second supporting portion 116
may support the portion between the first end 210 and the
second end 220 toward the first end 210.

[0146] This is because the rotation axis of the first link
frame 110a through which the shaft 120 supporting the first
end 210 of the actuator 200 passes and the rotation axis of
the second link frame 2205 supporting the second end 220
of the actuator 200 are different from each other.

[0147] FIG. 9 is a perspective view illustrating the inside
of a connection device in an ultrasonic diagnostic apparatus
according to another embodiment of the present disclosure.
As illustrated in FIG. 9, a connection device 101 according
to another embodiment of the present disclosure may
include an arm 101a for connecting the control panel 50
(refer to FIG. 1) and the display 40 (refer to FIG. 1).
[0148] A plurality of the actuators 200 provided on the
arm 101a may be provided. The configurations of the
connection device 101 according to another embodiment of
the present disclosure may be the same as those of the
connection device 100 according to an embodiment of the
present disclosure except that the plurality of actuators 200
are provided.

[0149] Therefore, the same reference numerals and
description as those of the connection device 100 according
to an embodiment of the present disclosure may be omitted.
[0150] The plurality of actuators 200 may be disposed at
opposite ends of the shaft 120, respectively. Since the link
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frame 110 according to the present disclosure may include
eight of the shaft coupling portions 112 in total, eight of the
actuators 200 in total may be provided.

[0151] That is, the plurality of actuators 200 may be
disposed on a plurality of the respective shafts 120 inserted
into the two of the respective shaft coupling portions 112
facing each other among the plurality of shaft coupling
portions 112. However, the present disclosure is not limited
thereto.

[0152] The number and positions of the plurality of actua-
tors 200 may be appropriately selected so that the actuator
200 increases or decreases the supporting force for weight
compensation of the input/output device 60 (refer to FIG. 1).
[0153] For example, the actuators 200 positioned at an
upper portion in FIG. 9 may be disposed on opposite sides
of the shaft 120 to generate supporting forces in the same
direction to each other, and this may increase the supporting
force for compensating for the weight of the input/output
device 60.

[0154] The actuators 200 positioned at a lower portion in
FIG. 9 may be disposed to generate supporting forces in
opposite directions to each other, and this may decrease the
supporting force for compensating for the weight of the
input/output device 60.

[0155] In this case, although the magnitude of the user’s
force for moving the input/output device 60 may be
increased, the operation performance of the input/output
device 60 may be improved when the rotation angle of the
link frame 110 is about 120 degrees.

[0156] FIG. 10 is a view illustrating a state in which a
second supporting portion includes a roller in an ultrasonic
diagnostic apparatus according to another embodiment of
the present disclosure. As illustrated in FIG. 10, a connection
device 102 according to another embodiment of the present
disclosure may include an arm 102a for connecting the
control panel 50 (refer to FIG. 1) and the display 40 (refer
to FIG. 1).

[0157] The actuator 200 provided on the arm 102¢ may
include a roller 316. The roller 316 may be provided to roll
along the actuator 200 by the rotation of the link frame 110.
[0158] The configurations of the connection device 102
according to another embodiment of the present disclosure
may be the same as those of the connection device 100
according to an embodiment of the present disclosure except
that the second supporting portion 116 (refer to FIG. 5) of
the connection device 100 according to an embodiment of
the present disclosure is configured as the roller 316.
[0159] Therefore, the same reference numerals and
description as those of the connection device 100 according
to an embodiment of the present disclosure may be omitted.
[0160] As the second supporting portion 116 is configured
as the rollers 316, the roller 316 may move more friction-
lessly between the first end 210 and the second end 220 of
the actuator 200 and support the actuator 200.

[0161] Meanwhile, although not shown in the drawings,
the connection device 102 may include a friction bearing
(not shown) that may reduce the frictional force between the
link frame 110, the shaft 120, and the actuator 200 to
smoothly rotate the link frame 110, the shaft 120, and the
actuator 200.

[0162] FIG. 11 is a view illustrating a plurality of shafts in
an ultrasonic diagnostic apparatus according to another
embodiment of the present disclosure. As illustrated in FIG.
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11, a plurality of shafts 320 according to another embodi-
ment of the present disclosure may be provided.

[0163] The plurality of shafts 320 may be disposed on the
plurality of shaft coupling portions 112 (refer to FIG. 5),
respectively. The configurations of a connection device
according to another embodiment of the present disclosure
may be the same as those of the connection device 100
according to an embodiment of the present disclosure except
that the plurality of shafts 320 are provided.

[0164] Therefore, the same reference numerals and
description as those of the connection device 100 according
to an embodiment of the present disclosure may be omitted.
[0165] The shaft 320 may include a shaft body 321 and a
first coupling portion 322 configured such that the shaft 320
is engaged with the link frame 110 (refer to FIG. 5) and
rotates together with the link frame 110.

[0166] The first coupling portion 322 may include a pro-
trusion 322a protruding from the shaft body 321, The first
coupling portion 322 may protrude from opposite sides of
the shaft body 321.

[0167] A plurality of the first coupling portions 322 may
be provided. For example, two of the first coupling portions
322 protruding from the opposite sides of the shaft body 321
may be provided. However, the present disclosure is not
limited thereto.

[0168] The shaft 320 may include a fourth coupling por-
tion 323 configured to be engaged with the third coupling
portion 211 to be rotated together with the actuator 200
(refer to FIG. 5). The fourth coupling portion 323 may
extend from opposite ends of the shaft body 321.

[0169] The fourth coupling portion 323 may include a first
supporting portion 324 extending from the shaft body 321 to
support the actuator 200 and a groove 325 provided on the
first supporting portion 324 to receive the third coupling
portion 211.

[0170] The first supporting portion 324 may be inserted
into the first end 210 formed by winding the torsion spring
200¢ (refer to FIG. 5). The third coupling portion 211 may
be inserted into the groove 325, but the present disclosure is
not limited thereto.

[0171] The shaft 320 according to another embodiment of
the present disclosure may be coupled to two of the shaft
coupling portions 112 facing each other among the plurality
of shaft coupling portions 112, respectively. Therefore, the
actuator 200 coupled to the shaft 320 may be disposed not
only outside the link frame 110 refer to FIG. 5) but also
inside the link frame 110.

[0172] Accordingly, since the link frame 110 according to
the present disclosure may include eight of the shaft cou-
pling portions 112 in total, sixteen of the actuators 200 in
total may be disposed outside and inside the link frame 110.
[0173] That is, the plurality of actuators 200 may be
appropriately disposed on the required positions among
sixteen of the fourth coupling portions 323. However, the
present disclosure is not limited thereto.

[0174] As is apparent from the above, the user can
smoothly move an input/output device because the present
disclosure includes an improved actuator for compensating
for the weight of the input/output device.

[0175] Defects of an ultrasonic diagnostic apparatus can
be minimized because the present disclosure includes an
improved actuator including a torsion spring.

[0176] The force required when the user moves a connec-
tion device can be minimized because the present disclosure



US 2019/0274660 A1l

includes an improved actuator to exert the same rotational
force regardless of the rotation angle of the connection
device.

[0177] Although a few embodiments of the present dis-
closure have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made
in these embodiments without departing from the principles
and spirit of the present disclosure in the scope of which is
defined in the claims and their equivalents.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a main body;

an input/output device coupled to the main body and
configured to receive information from a user or output
information received from the main body; and

a connection device to connect the main body and the
input/output device,

wherein the connection device includes:

a shaft having a shaft body;

a link frame having a frame body and a shaft coupling
portion extending from the frame body to be coupled
with the shaft; and

an actuator including a torsion spring having a first end
supported by the shaft and a second end supported by
the link frame, so as to compensate for a weight of the
input/output device.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the link frame includes a first link frame and a second link
frame adjacent to the first link frame, and

the first end is supported by the shaft passing through the
first link frame and the second end is supported by the
second link frame.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the actuator is configured to be rotated together with the
link frame.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the actuator is configured to exert the same rotational
force irrespective of a rotation angle of the link frame.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the shaft includes a first coupling portion provided to be
engaged with the link frame and rotated together with
the link frame, and

the link frame includes a second coupling portion pro-
vided to be engaged with the first coupling portion.

6. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the actuator includes a third coupling portion provided to
be engaged with the shaft and rotated together with the
shaft, and

the shaft includes a fourth coupling portion provided to be
engaged with the third coupling portion.

7. The ultrasonic diagnostic apparatus according to claim

5, wherein:

the first coupling portion includes a protrusion protruding
from the shaft body.

8. The ultrasonic diagnostic apparatus according to claim

7, wherein:

the shaft coupling portion includes a coupling portion
body and a through portion provided on the coupling
portion body to insert the shaft body, and
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the second coupling portion includes a hole extending
from the through portion.
9. The ultrasonic diagnostic apparatus according to claim
6, wherein:
the fourth coupling portion includes a first supporting
portion extending from the shaft body to support the
actuator, and a groove provided on the first supporting
portion to receive the third coupling portion.
10. The ultrasonic diagnostic apparatus according to
claim 1, wherein:
the link frame further includes a second supporting por-
tion provided on the frame body to support the second
end.
11. The ultrasonic diagnostic apparatus according to claim
10, wherein:
the second supporting portion supports the second end
and a portion between the first end and the second end
according to the rotation of the link frame.
12. The ultrasonic diagnostic apparatus according to
claim 10, wherein:
the second supporting portion includes a roller provided
to roll along the actuator by the rotation of the link
frame.
13. The ultrasonic diagnostic apparatus according to
claim 1, wherein:
a plurality of the actuators are provided, and
the plurality of actuators are disposed at opposite end
portions of the shaft, respectively.
14. The ultrasonic diagnostic apparatus according to
claim 8, wherein:
a plurality of the shafts, the shaft coupling portions, and
the actuators are provided, and
the plurality of actuators are disposed on the plurality of
respective shafts inserted into two of the respective
shaft coupling portions facing each other among the
plurality of shaft coupling portions.
15. The ultrasonic diagnostic apparatus according to
claim 8, wherein:
a plurality ofthe shafts and the shaft coupling portions are
provided, and
the plurality of shafts are disposed on the plurality of shaft
coupling portions, respectively.
16. An ultrasonic diagnostic apparatus comprising:
a main body;
an input/output device coupled to the main body and
configured to receive information from a user or output
information received from the main body; and
a connection device to connect the main body and the
input/output device,
wherein the connection device includes:
a link frame provided to be rotatable;
a shaft coupled with one end portion of the link frame to
be rotated together with the link frame; and
an actuator configured to compensate for a weight of the
input/output device and rotate together with the link
frame and the shaft.
17. The ultrasonic diagnostic apparatus according to
claim 16, wherein:
the actuator includes a torsion spring having a first end
supported by the shaft and a second end supported by
the link frame.
18. The ultrasonic diagnostic apparatus according to
claim 17, wherein:
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the link frame includes a first link frame and a second link
frame adjacent to the first link frame, and

the first end is supported by the shaft passing through the
first link frame and the second end is supported by the
second link frame.

19. An ultrasonic diagnostic apparatus comprising:

a main body;

a control panel coupled to the main body and configured
to receive information from a user;

a display coupled to the control panel and configured to
output information received from the main body; and

an arm to connect the control panel and the display,

wherein the arm includes:

a link frame including a first link frame provided to be
rotatable and a second link frame adjacent to the first
link frame;

a shaft inserted into the link frame; and

an actuator having a first end supported by the shaft
passing through the first link frame and a second end
supported by the second link frame, so as to exert the
same rotational force irrespective of a rotation angle of
the link frame.

20. The ultrasonic diagnostic apparatus according to

claim 19, wherein:

the actuator includes a torsion spring configured to be
rotated together with the shaft.
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