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(54) Ultrasound diagnosis apparatus with curved support arm for display

(57) An ultrasound diagnosis apparatus having adis-
play supported by an arm mechanism is provided. The
arm mechanism has a first arm member and a second
arm member. A turning mechanism is provided at a base
end portion of the first arm member and a turning mech-
anism is provided at a working end portion of the second
arm member. An upper end portion of the first arm mem-
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ber and a lower end portion of the second armmember
forma connection section, and an intermediate turning
mechanism is provided inside the connection section.
Because the armmechanism is gently curved over its en-
tire structure, no excessive load is applied to the cable
passing inside the arm mechanism. The cable extends
in the connection section along an outer route having a
gentle radius of curvature.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasound
diagnosis apparatus, and in particular to an improvement
in an arm mechanism which supports a display unit.

2. Description of the Related Art

[0002] An ultrasound diagnosis apparatus is a device
which forms an ultrasound image based on a reception
signal obtained by transmission and reception of an ul-
trasound and displays the formed image. The ultrasound
image is displayed on a display mounted on the body of
the apparatus. Although CRT (cathode ray tube) display
have been commonly used in the related art, it is expect-
ed that use of flat panel displays such as liquid crystal
displays and plasma displays will increase. Arm mecha-
nisms are commonly used to support the display with the
body of the apparatus (such as a housing, a support col-
umn, an operation panel, etc.), and such armmecha-
nisms generally have a plurality of joint sections so that
the position and orientation of the display can be varied.
[0003] US Patent No. 6,669,639 relates to an ultra-
sound diagnosis apparatus and discloses an arm mech-
anism on which a CRT is mounted as a display. The arm
mechanism comprises a first arm and a second arm.
Each arm has a shape of a flat plate and extends in a
slanted direction. At a connection section between the
first arm and the second arm, a rotation mechanism is
provided. At the connection section, an axis of the first
arm and the axis of the second arm intersect each other
atan acute angle. If a cable for the display is routed inside
the connection section, the cable may be damaged due
by repeated operation of the rotation mechanism over
time, while if the cable is provided outside of the arm
mechanism, the cable may block movement of the dis-
play or operation on the operation panel and the appear-
ance would be degraded. International Patent Publica-
tion No. WO2005/074806 relates to an ultrasound diag-
nosis apparatus and discloses an armmechanism on
which a flat panel display is mounted as a display. At a
connection section between a first arm and a second
arm, a rotation mechanism is provided. The second arm
comprises a parallel linkage so that the slanted angle of
the second arm can be varied. Complex mechanisms are
present inside the arm mechanism, in particular, in the
second arm, and in the connection section. Therefore, it
is difficult to thread a cable through the inside of the arm
mechanism, and, when the cable passage is threaded,
there is a possibility that the cable may be damaged,
especially as it is threaded through the connection sec-
tion.

[0004] In order to avoid unnecessarily blocking the
movement of the display by the cable extending from the
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display and to not block the operation of the operation
panel by the cable in an ultrasound diagnosis apparatus,
it is desirable to route the cable through the inside of the
armmechanism. However, with such a configuration, if a
bent structure with an acute angle is employed in the
connection section similar to the related art, the cable
tends to be damaged at the connection section, or the
movement of the arm mechanism may be blocked. In
consideration of exchange and maintenance of the dis-
play, it is desirable that the cable can be easily passed
through and easily extended from the arm mechanism,
and, thus, a threading structure which does not forcefully
bend, but rather naturally curves, the cable is desired.

SUMMARY OF THE INVENTION

[0005] The present invention provides an advanta-
geous ultrasound diagnosis apparatus including an arm
mechanism through which a display cable of a display
can be smoothly threaded, and in which the load on the
cable when the position of the display is varied is reduced.
[0006] According to one aspect of the present inven-
tion, there is provided an ultrasound diagnosis apparatus
comprising a base member, a display which is a flat panel
display and which displays an ultrasound image, and an
arm mechanism provided between the base member and
the display and which varies a position of the display
while holding the display, wherein the arm mechanism
comprises a first arm member supported by the base
member, a second arm member supported by the first
arm member, and an intermediate turning mechanism
provided at a connection section between the first arm
member and the second arm member, a cable reaching
the display from the base member passes through an
inside of the first arm member and the second arm mem-
ber, and a bent portion comprising an upper end portion
of the first arm member and a lower end portion of the
second arm member has a U shape in a state of an orig-
inal shape when a turning angle of the intermediate turn-
ing mechanism is 0°.

[0007] With this configuration, a display is supported
by an arm mechanism. The arm mechanism comprises
a first arm member and a second armmember. The first
armmember is supported on a base member, preferably
in a turnable manner. The second arm member can turn
with respect to the first arm member by an intermediate
turning mechanism. With this structure, a horizontal po-
sition of the display can be varied. The second arm sup-
ports the display, desirably in a manner to allow turning.
[0008] A bent portion has a U shape in its initial state.
That is, an upper end portion of the first arm and a lower
end portion of the second arm are both formed as gently
curved sections. When a cable is passed through the
inside of these portions, the cable need not be exces-
sively bent, and, thus, it is possible to naturally curve the
cable. In particular, even when the intermediate turning
mechanism transitioned from the state of the original
shape and is in a rotated state, it is possible to prevent
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application of excessive forces beyond a natural torsion
force to the cable. Alternatively, it is also possible to em-
ploy a configuration in which the upper end portion and
the lower end portion have a symmetric shape with re-
spect to a horizontal rotation surface. Because the dis-
play is formed as a flat panel display, it is not necessary
for the arm mechanism to support a display as heavy as
the CRTs of the related art. Constraints and conditional
requirements for the arm mechanism are therefore re-
laxed, making it possible to increase the degree of free-
dom of the form of the arm mechanism. With the above-
described armmechanism, it is possible to realize appro-
priate positioning of a cable.

[0009] According to another aspect of the present in-
vention, it is preferable that, in the ultrasound diagnosis
apparatus, one of the upper end portion and the lower
end portion has a J shape and the other one of the upper
end portion and the lower end portion has an inverted J
shape. The two mirror-image J shapes are then connect-
ed to form the U shape.

[0010] According to another aspect of the present in-
vention, it is preferable that, in the ultrasound diagnosis
apparatus, each of the upper end portion and the lower
end portion has a circular horizontal cross section, and
the intermediate turning mechanismis builtin across both
of the upper end portion and the lower end portion. Ac-
cording to another aspect of the present invention, it is
preferable that, the ultrasound diagnosis apparatus fur-
ther comprises a lock mechanism which locks an oper-
ation of the intermediate turning mechanism. Such a lock
mechanism or a click mechanism which maintains each
angle or a specific angle can be provided in each turning
mechanism.

[0011] According to another aspect of the present in-
vention, it is preferable that the ultrasound diagnosis ap-
paratus further comprises a lower turning mechanism
provided at a base end portion of the first arm member
and connected to the base member, and an upper turning
mechanism provided at a working end portion of the sec-
ond arm member and which supports the display.
[0012] According to another aspect of the present in-
vention, it is preferable that, in the ultrasound diagnosis
apparatus, the firstarm member comprises a slanted por-
tion which extends from the base member toward a slant-
ed upward direction and has a slanted axis, and a gently
curved portion which connects between the slanted por-
tion and the upper end portion and has an axis which
transitions from a slanted state to a horizontal state. Be-
cause the slanted portion and the curved portion are con-
nected, physical interference (collision) with structures
present on an upper side of the apparatus body, such as
an operation panel or the like, can be avoided (a lower
space of the connection section having a U shape can
be secured or increased) and the degree of change of
the angle of axis at the curved portion can be alleviated
(stress generated on the cable at that portion can be re-
duced). It is preferable that a portion having the largest
bending angle of the cable in the passage route in the
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armmember is set as connection sections. Because the
bending angle at this portion can be significantly allevi-
ated as described above, no excessive load on the cable
is generated. The degree of freedom of the cable can be
increased when the bending angle is alleviated in por-
tions before or after the connection section, and, thus,
even when a torsion force is applied on the cable due to
a turning movement at the connection section, this force
can be distributed over a wide area of the cable.

[0013] According to another aspect of the present in-
vention, it is preferable that, in the ultrasound diagnosis
apparatus, the cable passes through the bent portion
along an outer route which is displaced in the horizontal
direction from a center axis of vertical rotation. With this
structure, the bending angle of the cable can be in-
creased and the load created on the cable can be re-
duced. In addition, because an axis member can be pro-
vided at a center of the turning mechanism, no waste
space is created and a size of the turning mechanism
itself can be reduced. When the U shape is to be de-
signed, it is desirable to determine the U shape by cal-
culating a limit radius of curvature of the cable and setting
the actual radius of curvature to be greater than or equal
to the limit radius of curvature at each position on the
cable passage route.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Fig. 1 is a schematic diagram schematically showing
a structure of an ultrasound diagnosis apparatus ac-
cording to a preferred embodiment of the present
invention.

Fig. 2 is a schematic diagram showing an arm mech-
anism.

Fig. 3 is a cross sectional diagram showing an arm
mechanism.

Fig. 4 is a diagram for explaining an operation of a
lower turning mechanism.

Fig. 5 is a diagram showing an operation state of a
lower turning mechanism.

Fig. 6 is a diagram showing an operation state of a
lower turning mechanism similar to Fig. 5.

Fig. 7 is a diagram for explaining an operation of an
intermediate turning mechanism.

Fig. 8 is a diagram showing an operation state of an
intermediate turning mechanism.

Fig. 9 is a diagram showing an operation state of an
intermediate turning mechanism similar to Fig. 8.
Fig. 10 is a diagram for explaining an operation of
an upper turning mechanism.

Fig. 11 is a diagram showing an operation state of
an upper turning mechanism.

Fig. 12 is a diagram showing an operation state of
an upper turning mechanism similar to Fig. 11.
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DESCRIPTION OF PREFERRED EMBODIMENT

[0015] A preferred embodiment of the present inven-
tion will now be described with reference to the drawings.
[0016] Fig. 1 is a schematic diagram of an ultrasound
diagnosis apparatus according to a preferred embodi-
ment of the present invention. The ultrasound diagnosis
apparatus is a device which transmits and receives an
ultrasound to and from a living body and forms an ultra-
sound image such as a tomographic image based on the
reception signal thus obtained. In Fig. 1, an ultrasound
probe which transmits and receives the ultrasound is not
shown.

[0017] As shown in Fig. 1, the ultrasound diagnosis
apparatus comprises a device body 10 which is a cart, a
base member 12 supported by the device body 10, an
operation panel 14 supported by the base member 12,
an arm mechanism 16 supported by the base member
12, and a display 15 supported by the arm mechanism
16. A plurality of electronic circuit boards are built in the
apparatus body 10. The base member 12 can be moved
upward and downward directions by a support column.
The operation panel 14 comprises a keyboard and atrack
ball, and a user can input and set various operations us-
ing the operation panel 14. The display 15 is constructed
as a flat panel display in the present embodiment. An
ultrasound image is displayed on the display 15. Alter-
natively, it is also possible to provide a CRT in place of
the flat panel display. However, the flat panel display has
an advantage over a CRT in that the flat panel display is
lighter and can be easier to handle.

[0018] The arm mechanism 16 will now be described
in detail. In Fig. 1, an X direction is a first horizontal di-
rection and a depth direction, a Y direction is a second
horizontal direction and a width direction perpendicular
to the depth direction, and a Z direction is a vertical di-
rection. As is described in more detail below, the arm
mechanism 16 has a shape slanted away from the base
member 12 and then curved.

[0019] Fig. 2 is a schematic diagram of the arm mech-
anism 16. The arm mechanism 16 is supported by the
base member shown in Fig. 1 and supports the display
15. The arm mechanism 16 comprises a plurality of joint
portions for freely varying a position and an orientation
of the display. The arm mechanism 16 comprises a first
arm member 20 and a second arm member 22. In the
arm members 20 and 22, an external side is a case and
necessary components are stored inside the case.
[0020] A turning mechanism 18 is provided on a base
end portion, which is a lower end portion of the first arm
member 20. The turning mechanism 18 comprises a fixed
ring-shaped member 32 and a rotational ring-shaped
member 34, and these members rotationally move with
respect to each other. The structure of these components
will be described referring to Fig. 3.

[0021] The first armmember 20 comprises a slanted
portion 36 extending from the base end portion toward a
slanted upward direction, a curved portion 38 connected
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to the slanted portion 36, and an upper end portion 42
which is connected to the curved portion 38 through a
horizontal portion 40. As shown in Fig. 3, a horizontal
cross section of the slanted portion 36 is deformed and
is an elliptical shape. The slanted portion 36 has a shape
which is approximately straight, and the axis gradually
transitions from the slanted state to a horizontal state by
the curved portion 38. The angle of intersection between
the axes of the slanted portion 36 and the horizontal por-
tion 40 is an obtuse angle greater than 90° and smaller
than 180°. The upper end portion 42 is connected to the
horizontal portion 40, and the overall shape of the first
arm member 20 is that of a horizontally inverted capital
'J” . An upper end of the upper end portion 42 reaches
upwards in a vertical direction, with its uppermost surface
in the shape of a full circle.

[0022] The second arm member 22 comprises a lower
end portion 44 and a working end portion 50 connected
to the lower end portion 44 through a horizontal portion
48. The lower end portion 44 is J-shaped (a horizontally
inverted 'J’). The upper end portion 42 of the first arm
member 20 and the lower end portion 44 of the second
arm member 22 are combined to form a connection sec-
tion 46. In its original state, in which the intermediate
turning mechanism 24 (described later) is not turned (the
rotation angle is 0°), the connection section 46 is U-
shaped.

[0023] A turning mechanism 26 is connected to the
working end portion 50 of the second arm member 22.
The turning mechanism 26 comprises amounting section
28 to which a display shown in Fig. 1 is connected. Al-
ternatively, it is also possible to provide another joint
member such as a tilt mechanism and a slide mechanism
between the mounting section 28 and the display 15. At
the turning mechanism 26, one of an upper half and a
lower half is a fixed portion and the other one of the upper
half and the lower halfis a rotation portion. In the example
configuration, the turning mechanism 26 is configured
such that the upper half is turnable relative to the lower
half.

[0024] In the connection section 46, that is, in a bent
section across the upper end portion 42 and the lower
end portion 44, an intermediate turning mechanism 24
is provided. Both the upper end portion 42 and the lower
end portion 44 have a circular end surface, and the in-
termediate turning mechanism 24 has a function to turn
the arm members 20 and 22 relative to each other in the
horizontal direction while maintaining a joined state be-
tween their end surfaces. The connection section 46 has
a U shape in the above-described state of original shape
and both the upper end portion 42 and the lower end
portion 44 have a gently curved shape. Therefore, as will
be described later, even when a cable is passed through
the connection section 46, it is possible to prevent appli-
cation of excessive force on the cable. A lock mechanism
is provided in the second arm member 22, and a knob
30 switches between an ON operation and an OFF op-
eration of the lock mechanism. By operating the lock
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mechanism, it is possible to lock the turning position at
the intermediate turning mechanism 24, and, in particu-
lar, in the present embodiment, it is possible to maintain
the state of a turning angle of 0°. Such a lock mechanism
may be provided on the turning mechanism 18 and turn-
ing mechanism 26, or it is also possible to employ, in
each turning mechanism, a mechanism which gives a
clicking feeling to a user at a predetermined angle inter-
val.

[0025] Fig. 3 shows a vertical cross section of the arm
mechanism shown in Fig. 2 seen from the direction of a
side surface. The arm mechanism 16 shown in Fig. 3 is
in the above-described state of original shape, with none
of the turningmechanisms applying a turning operation,
that is, all turning angles are 0°. As described, the first
arm member 20 comprises a slanted portion which ex-
tends towards a slanted upward direction, a curved por-
tion 38, and an upper end portion 42. The first arm mem-
ber 20 curves towards a horizontal direction and bends
towards the upward direction. However, the curvature at
the curving and bending portion are gentle. In other
words, there are no acute connections between mem-
bers. Because of this structure, damage to a cable 100
can be minimized. This also applies to the second arm
member 22. Because the lower end portion 44 of the
second arm member 22 has a gently curved shape, the
cable 100 can be protected.

[0026] Still referring to Fig. 3 for further explanation,
the turning mechanism 18 comprises a rotation axis 18B
which passes through the center of the turning mecha-
nism 18 and which extends in a vertical direction. The
cable 100 is passed through at the back of the rotation
axis 18B, at a position shown by a reference numeral
18A. The turning mechanism 18 is thus configured such
that no unnecessary load is applied to the cable 100 even
with the turning by the turning mechanism 18. The cable
100 passes through the inside of the first arm member
20, that is, through the inside of the slanted portion 36
and the curved portion 38, and reaches the connection
section 46.

[0027] The above-described intermediate turning
mechanism 24 is built into the connection section 46. At
the center of the connection section 46, an axis member
24A is provided along the vertical direction. The axis
member 24A forms a center axis for turning. An inner
side 104 and an outer side 102 seen from the center axis
in the gentle bending shape can be defined. Of the inner
side and the outer side, the cable 100 passes through
the outer side 102. In other words, the cable 100 passes
through the connection section 46 having a U shape
along a side with a more gentle curve, that is, along the
outer route. With this structure, it is possible to prevent
application of an unnecessarily excessive force to the
cable 100 even when the second arm member 22 is
swiveled with respect to the first arm member 20. In ad-
dition, even when a torsion of the cable 100 is generated
due to turning, because the bending radius of the cable
100 at the connection section 46 is very large, it is pos-
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sible to prevent the problem of generation of local stress
by absorbing the torsion force over a wide area. A lock
pin 52 connected to the knob 30 forms a part of the lock
mechanism. The operation of the intermediate turning
mechanism 24 can be stopped by the operation of the
lock pin 52, and, thus, the state of the original shape can
be maintained.

[0028] The cable 100 also passes through the second
arm 22. Here, too, the cable 100 is provided along the
outer route, and extends to the side of the display through
an opening 26A formed at a lower portion of the turning
mechanism 26. In other words, as shown in Fig. 3, re-
garding the cable 100 connected to the display, there is
no excessive local bending over the entire cable 100. In
addition, because the radius of curvature in the bent por-
tion orin the curved portion is large, the load on the cable
can be reduced. Moreover, as will be described below,
even when the turning mechanisms operate, the load on
the cable 100 can be reduced.

[0029] Fig. 4 illustrates operation of the turning mech-
anism 18. Reference numeral 200 represents a reference
axis which is parallel to the X direction of Fig. 1, and
reference numeral 202 represents a reference axis which
is parallel to the Y direction shown in Fig. 1. The axis
shown with reference numeral of 200 corresponds to a
rotation angle of 0°, and the arm mechanism 16 can be
rotated to the left and right from that position. The turning
range is shown with 61 and 62. Each of the angles 61
and 02 is 90°, and, thus, the turning mechanism 18 has
aturning range of 180° . In other words, the turning range
is limited to 180°. Fig. 5 shows a state in which the arm
mechanism 16 is rotated in one direction, while Fig. 6
shows a state in which the arm mechanism 16 is rotated
in the opposite direction (refer to reference numerals 204
and 206).

[0030] Fig. 7 shows an operation of the intermediate
turning mechanism 24. The axis 206 shows a reference
axis when the firstarm member 20 is used as a reference.
Reference numeral 208 represents an axis perpendicular
to the reference axis 206. Angles 63 and 64 represent a
turning range, and, as shown in Fig. 7, the second arm
member 22 turns and moves in a range of 180° with re-
spect to the first arm member 20. In other words, the
turning range is limited to 180°. Fig. 8 shows a state in
which the second arm member 22 is rotated by 90° along
a direction shown by reference numeral 210 relative to
the firstarm member 20 and Fig. 9 shows a state in which
the arm member 22 is rotated by 90° along a direction
shown by reference numeral 212 relative to the arm mem-
ber 20. As shown in the figures, an intersecting relation-
ship (intersecting relationship seen from the top) between
the first arm member 20 and the second arm member 22
can be freely set with the intermediate turning mecha-
nism 24, and, with this structure, the position of the dis-
play in the horizontal direction can be easily determined.
In addition, there is also an advantage that, by operating
both the lower turning mechanism and the upper turning
mechanism, it is possible to more freely set the position
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and the orientation of the display.

[0031] Fig. 10illustrates operation of the turning mech-
anism 26. Reference numeral 214 represents areference
axis with a reference on the second arm member 22 and
reference numeral 216 represents a reference axis which
is perpendicular to the reference axis. As shown in Fig.
10, the turning range is shown with angles 65 and 66,
and is 180°. In other words, the turning angle is limited
to 180°. Reference numeral 28 represents a mounting
section of the display. Fig. 11 shows a state in which the
mounting section 28 is turned by 90° along the direction
shown by reference numeral 218 relative to the second
armmember. Fig. 12 shows a state in which the mounting
section 28 is turned by 90° along a direction shown by
reference numeral 220 relative to the second arm mem-
ber.

[0032] Asdescribed, according to the present embod-
iment, because three turning mechanisms each having
a vertical rotational axis are provided in three stages in-
cluding an upper stage, a middle stage, and a lower
stage, the turning angles of the two arm members can
be arbitrarily set so that the position of the display can
be freely adjusted. In addition, there is also an advantage
that the movable range can be widened. Still further, be-
cause the first arm member extends in a slanted upward
direction and then in the horizontal direction, there is an
advantage that a possibility of physical collision of the
second arm member with the operation panel and other
devices provided on an upper surface of the device can
be reduced. Because the connection section has a U
shape, the load on the cable passing inside of the con-
nection section can be reduced. In particular, because
the cable extends along an outer route inside the con-
nection section, there is an advantage that the radius of
curvature of the cable can be increased and the torsion
force can be distributed over a wide range. Because the
cable passes through the inside of the arm mechanism
in such a mechanism, the various problems which occur
when the cable extends outside of the arm mechanism
can be prevented, and the appearance is not degraded.
In addition, in the present embodiment each turning
mechanism has an axis member at the center position.
Because of this structure, turning can be realized by a
simple structure using the axis member as the rotation
axis, and, thus, the size of each turning mechanism can
be reduced.

[0033] Although the preferred embodiments of the
present invention have been described using specific
terms, such description is for illustrative purposes only,
and it is to be understood that modifications and varia-
tions may be made without departing from the spirit or
scope of the appended claims.

Claims

1. An ultrasound diagnosis apparatus comprising:
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a base member;

a display which is a flat panel display and which
displays an ultrasound image; and

an arm mechanism provided between the base
member and the display and which varies a po-
sition of the display while holding the display,
wherein

the arm mechanism comprises:

a first arm member supported by the base
member,

a second arm member supported by the first
arm member, and

an intermediate turning mechanism provid-
ed at a connection section between the first
arm member and the second arm member;
a cable reaching the display from the base
member passes through aninside of the first
arm member and the second arm member;
and

a bent portion comprising an upper end por-
tion of the first arm member and a lower end
portion of the second arm member has a U
shape in a state of an original shape when
a turning angle of the intermediate turning
mechanism is 0°.

The ultrasound diagnosis apparatus according to
Claim 1, wherein

one of the upper end portion and the lower end por-
tion has a J shape and the other one of the upper
end portion and the lower end portion has a horizon-
tally inverted J shape.

The ultrasound diagnosis apparatus according to
Claim 2, wherein

each of the upper end portion and the lower end por-
tion has a circular horizontal cross section; and

the intermediate turning mechanism is built in across
both of the upper end portion and the lower end por-
tion.

The ultrasound diagnosis apparatus according to
Claim 1, further comprising:

a lock mechanism which locks an operation of
the intermediate turning mechanism.

The ultrasound diagnosis apparatus according to
Claim 1, further comprising:

a lower turning mechanism provided at a base
end portion of the first arm member and con-
nected to the base member; and

an upper turning mechanism provided at a work-
ing end portion of the second arm member and
which supports the display.
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6. The ultrasound diagnosis apparatus according to
Claim 1, wherein the first arm member comprises:

a slanted portion which extends from the base
member toward a slanted upward direction and
has a slanted axis; and

agently curved portion which connects between
the slanted portion and the upper end portion
and has an axis which transitions from a slanted
state to a horizontal state.

7. The ultrasound diagnosis apparatus according to
Claim 1, wherein
the cable passes through the bent portion along an
outer route which is displaced in the horizontal di-
rection from a center axis of vertical rotation within
the bent portion.
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