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(54) ULTRASONIC PROBE

(57) Disclosed is an ultrasonic probe having an or-
ganism contact portion that is shaped for use along a
comparatively large curvature and can easily be used
while closely contacting an organism, and that has an
adequately reduced size. According to the technique of
the invention, a first cylinder pulley 5, secured to a probe
casing 7, an arm 16, secured to a motor spindle 17 that
is extended through a first pulley, and a second cylinder
pulley 8, rotatably arranged on the opposite side, are
coupled together by a wire 6. The second pulley is
equipped with a slider shaft 14 that is arranged, in an
extensible manner, by a slider bearing 15. The slider shaft
is quipped with a roller 10 that contacts a guide rail 12 of
the probe casing, and an ultrasonic element 2 is attached
to the distal end of the slider shaft to provide the tele-
scopic structure for the slider shaft. In this manner, the
size of a scanning mechanism, for oscillating the ultra-
sonic element along a large curvature, is reduced.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
probe used for the transmission and reception of an ul-
trasonic beam. In particular, the present invention relates
to a compact, hand-held ultrasonic probe such that an
array type element, which is formed by arranging piezo-
electric devices in a strip and performs electrical scan-
ning to obtain tomograms, or a single element, is me-
chanically swept in parallel, or is oscillated, in a direction
perpendicular to the electrical or mechanical scanning
direction, so that a three dimensional image can be ob-
tained for the organism. That is, the present invention
relates to an appropriate ultrasonic probe for a mechan-
ical scanning system, for which the main purpose is the
acquisition of three-dimensional images of the mammary
glands, the thyroid, the carotid artery, the superficial
blood vessels, and of superficial layer structures (here-
inafter called superficial tissues) and the acquisition of a
three-dimensional image by scanning the body surface,
through a superficial contact area, even when the ribs or
the anterior fontanelle is present in between.

BACKGROUND ART

[0002] In order to obtain an ultrasonic image of super-
ficial tissue easily and quickly, a broad visual field in the
vicinity of the body surface must be obtained using an
array type element, or a single element, and a mechanical
scanning process that must also be performed along the
shape of the body surface, in a direction perpendicular
to the scanning direction of the array type element or the
single element. A hand-held ultrasonic probe is of great
value in reducing expenditures; three-dimensional imag-
es of all superficial tissues can be obtained using a single
three-dimensional ultrasonic probe, and thus, during a
diagnosis, no labor is required for the exchange of
probes, and a plurality of three-dimensional ultrasonic
probes is not needed. However, for the acquisition of
three-dimensional images of the carotid artery and the
thyroid, the shape formed for the ultrasonic probe must
be as small as possible, because the diagnostic locations
where these organs lie immediately below the jaw. Thus,
there are conflicting requests, i.e., for increasing the
three-dimensional diagnosis area and for downsizing a
three-dimensional ultrasonic probe. In addition, since an
ultrasonic probe is hand-held, a further request is that
the probe be compact and light.
[0003] A conventional superficial tissue imaging acqui-
sition method of this type is available, whereby an ultra-
sonic probe is rotated while a breast applicator is inter-
posed between a breast and the probe, and a tomogram
of the overall area of the breast is obtained (see, for ex-
ample, patent document 1 below).
[0004] Further, another method is one whereby an ul-
trasonic probe is arranged in a water tank and is swept

in parallel to obtain a tomogram of an entire breast (see,
for example, patent document 2 below). In addition, there
is a method whereby an ultrasonic probe is swept in par-
allel using a belt to obtain an ultrasonic image (see, for
example, patent document 3 below).
[0005] A further method is one according to which a
hand-held, three-dimensional ultrasonic probe is provid-
ed by rotating the electronic scanning end of an array
type element (see, for example, patent document 4 be-
low).
[0006] According to one more method, a hand-held
three-dimensional ultrasonic probe for obtaining a three-
dimensional, ultrasonic image is provided by mechani-
cally oscillating a convex-shaped array type element
(see, for example, patent document 5 below).
[0007] On the other hand, when an ultrasonic image
for the heart, etc., is to be obtained by scanning the body
surface, ultrasonic beams must be transmitted and re-
ceived through a narrow area between the ribs, because
of a need to avoid a lack of an ultrasonic image for the
heart, which is located beneath the ribs, due to a reflec-
tion from the ribs, etc., that are located near the body
surface and have a large acoustic impedance. Further,
in order to acquire such a narrow ultrasonic transmission/
reception area nearer the body surface, the oscillating
center of an ultrasonic element must be positioned in the
vicinity of the body surface, or in an area near the surface
of the body.
[0008] However, according to a hand-held, mechani-
cal scanning ultrasonic probe that performs scanning by
mechanically oscillating an ultrasonic element, since it is
impossible for the oscillating ultrasonic element to direct-
ly contact an organism, an acoustic coupling liquid must
be sealed by a window and a probe case, and the ultra-
sonic element must be oscillated or rotated inside the
liquid to perform scanning. For this type of ultrasonic el-
ement, the image resolution can be increased by reduc-
ing the size of an ultrasonic beam. However, the aperture
for the ultrasonic element must be optimized, and based
on the element size, during oscillation, adequate clear-
ance between the element and the window must be pro-
vided. Therefore, it is difficult for an ultrasonic transmis-
sion/reception area near the surface of an organism to
be reduced, or for the oscillating center of the ultrasonic
element to be located either in the vicinity of the body
surface or at a location near the body surface.
[0009] There is a conventional, mechanical scanning
sector ultrasonic probe of this type that includes scanning
means, for converting the rotation of a motor into the
oscillation of a supporting member, and that for this pur-
pose employs parallel grooves formed in the rear face of
a support member pivotally attached to a shaft provided
for a roller and an arm that are fixed to a rotor, and for
oscillating an acoustic element, secured to the support
member, by mechanically oscillating the element (see,
for example, patent document 6 below).
[0010] Furthermore, there is an arrangement that em-
ploys the mechanism described in patent document 6
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with an acoustic coupling liquid, in which the acoustic
velocity is slower than that of the organism, so as to es-
tablish a substantially proportional relationship between
the motor rotation angle and the oscillation angle of the
acoustic element (see, for example, patent document 7).
[0011] There is in addition an arrangement wherein,
using an arced guide rail and a belt, an ultrasonic beam
is emitted between ribs, at the virtual oscillation center
located in the vicinity of the body surface (see, for exam-
ple, patent document 8 below).

Patent Document 1: Japanese Utility Model Applica-
tion Publication After Examination No. S59-190208

Patent Document 2: Japanese Utility Model Applica-
tion Publication After Examination No. S59-111110

Patent Document 3: Japanese Patent Application
Publication No. S61-13942

Patent Document 4: Japanese Patent Application
Publication No. H4-282136

Patent Document 5: Japanese Patent Application
Publication No.H 3-184532

Patent Document 6: Japanese Utility Model Applica-
tion Publication No. S59-42970

Patent Document 7: Japanese Patent Application
Publication No. H7-24659

Patent Document 8: Japanese Patent Application
Publication No. H6-38962

[0012] However, the apparatus described in the inven-
tion presented in patent document 1, for dedicated mam-
mary gland diagnoses, that rotates a conventional array-
type ultrasonic probe to obtain images, and is not oper-
ated while a doctor actually holds its probe like a hand-
held ultrasonic probe. Furthermore, this apparatus is also
not one with which a three-dimensional ultrasonic probe
can be employed for diagnosing an additional area, such
as the carotid artery or the thyroid.
[0013] The invention described in patent document 2,
as well as the one in patent document 1, is not related
to a hand-held, three-dimensional ultrasonic probe, and
the equipment described is large scale and requires ad-
ditional labor, such as advance preparation. Thus, diag-
nosis of an additional area, such as the carotid artery or
the thyroid, can not be easily performed.
[0014] Further, it can be considered possible for a
mechanism that uses a belt, etc., to sweep an ultrasonic
element in parallel to be applied for a hand-held ultrasonic
probe by employing the invention described in patent
document 3. However, in a case wherein an array type
element is to be swept in parallel, using, for example, a
wire or a timing belt, pulleys must be arranged at either

end of the element to be swept. In a case wherein struc-
ture is employed, the shape size of the organism contact
portion is always larger than the mechanical sweeping
range because of the width of the element and the diam-
eters of the pulleys. Thus, this arrangement is not pref-
erable for a hand-held three-dimensional ultrasonic
probe. And especially in a case for performing a diagnosis
for the carotid artery or the thyroid, a problem is that a
hand-held three-dimensional ultrasonic probe can not
contact a desired location for a target portion of an or-
ganism because a jaw, etc., obstructs the location.
[0015] Moreover, the invention described in patent
document 4 relates to the acquisition of a three-dimen-
sional ultrasonic image by rotation performed at the elec-
tronic scanning end of an array type element, and com-
pared with a mechanical rotational movement near the
center, rotational movement at a location separated from
the rotation center is increased. Therefore, the pitch of
the two-dimensional plane, which is the original data
used for constructing a three-dimensional image, be-
comes smaller nearer the rotation center, while the pitch
becomes larger as the distance from the rotation center
increases. Thus, in proportion to the distance from the
rotation center, the pitch of two-dimensional slices is in-
creased, and when a three-dimensional image is formed
based on image data for a position separated from the
rotation center, a problem is that the resolution for the
portion separated from the rotation center is lower.
[0016] Further, when rotation is performed at the elec-
tronic scanning end of an array type element, a mecha-
nism is required for which a rotation axis is located at a
position extended from the length of the array element
in the electronic scanning direction. Thus, in a case
wherein a diagnosis for a portion such as the carotid ar-
tery or the thyroid is to be performed, a problem is that
an organism contact portion longer than the element may
strike the jaw portion, making it difficult for an ultrasonic
probe to contact a desired location.
[0017] Further, according to the three-dimensional ul-
trasonic probe presented in patent document 5 described
above, since a three-dimensional image is obtained by
mechanical oscillation of the convex-shaped array type
element, the curvature of the organism contact portion
at the tip of the probe is determined depending on the
distance between the oscillation center of the element
and the tip of the array type element. Therefore, when
the organism contact portion is shaped so that, using
mechanical scanning, the two ends there are appropri-
ately brought into contact with a comparatively flat, su-
perficial tissue portion of an organism, a large distance
is required from the mechanical oscillation center to the
tip of the array type element, and the curvature of the
organism contact portion must be increased. In addition,
when the distance from the mechanical oscillation center
to the tip of the array type element is extended, the size
of a hand-held, three-dimensional ultrasonic probe is in-
creased, and this presents a problem in that the increase
in the size and the weight of the hand-held three-dimen-
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sional ultrasonic probe make handling the probe difficult
when performing a diagnosis.
[0018] Further, the invention described in patent doc-
ument 6 provides a mechanism, which converts the ro-
tational movement of the motor into the oscillation of the
support member, by using parallel grooves, which are
formed in the rear face of the support member, pivotally
attached to the shaft provided for the roller and the arm
that are secured to the rotor, and which oscillates an
acoustic element secured to the support member to os-
cillate the element mechanically. Therefore, a problem
encountered is that the oscillation angle of the element
is not proportional to the rotational angle of the motor,
and in a case wherein the velocity at which the motor
rotates is a constant, the ultrasonic beam can not be os-
cillated at the same angle.
[0019] Furthermore, since sequentially the motor is ro-
tated in one direction and the above described mecha-
nism converts the rotational movement into oscillation,
the oscillation angle of the element, i.e., the acoustic
scanning angle, becomes a constant. And in a case
wherein an organ, such as the heart, which provides rapid
movement, is employed as an ultrasonic diagnosis ob-
ject, when the motor is rotated fast, so that movement of
the organ can be tracked well, for drawing an ultrasonic
image, the density of acoustic scan lines may be reduced
and image deterioration may occur. A period during
which the organism depends on the acoustic velocity is
required in order to obtain an ultrasonic echo from the
organism, and oscillation at a small scanning angle is
required in order to obtain an ultrasonic image of a rapidly
moving organ, without deterioration of the image. How-
ever, according to the invention described in patent doc-
ument 6, it is difficult for the oscillation velocity to be in-
creased by setting an arbitrary oscillation angle. Further-
more, since an inverse proportion is established between
the scanning line density and the angular oscillation ve-
locity, a problem is that, for the above described mech-
anism, the angular oscillation velocity is high in the middle
of the oscillation angle that is especially important, i.e.,
the scanning line density is lowered.
[0020] In addition, according to the invention described
in patent document 6, oscillation is performed at the os-
cillation axis of the element that is located inside the win-
dow that contacts the organism. Because of this struc-
ture, the oscillation center of the element has to be lo-
cated separate from the window that contacts the organ-
ism, i.e., separate from the organism, so that the actual
acoustic scan lines are spread on the surface of the win-
dow, i.e., on the organism contact portion. Thus, a prob-
lem is that, when an organ, such as the ribs, that has a
large acoustic impedance and that greatly reflects an ul-
trasonic beam, is present near the organism, an ultra-
sonic beam is interrupted by the organ, such as the ribs,
and can not reach the organ present below, inside the
organism.
[0021] Moreover, according to the invention described
in patent document 7, the mechanism described in patent

document 6 is employed with an acoustic coupling liquid,
for which the acoustic velocity is slower than that for the
organism; however, a complete proportional relation is
not established between the motor rotational angle and
the oscillation angle of the acoustic element. Further-
more, according to the invention described in patent doc-
ument 7, as well as that in patent document 6, the oscil-
lation is performed at the oscillation axis of the element
that is located inside the window that contacts the organ-
ism. Because of this structure, the oscillation center of
the element must be located separate from the window
that contacts the organism, so that the actual acoustic
scan lines are spread on the surface of the window, i.e.,
on the organism contact portion. Thus, there is a problem
in that, when an organ, such as a rib, that has a large
acoustic impedance and that greatly reflects an ultrason-
ic beam, is present near the organism, an ultrasonic
beam will be interrupted by the organ, such as the rib,
and can not reach an organ located below, inside the
organism. In addition, as in patent document 6, since it
is difficult to provide an improvement for time-transient
tracking relative to an organ that moves rapidly, the os-
cillation velocity is increased by reducing the oscillation
angle, and it is also difficult for the scanning line density
and the oscillation velocity to be arbitrarily set in conso-
nance with a diagnosis portion.
[0022] Moreover, according to the invention described
in patent document 8, since there is a limitation on the
width of the arm, which is fitted to and slides along the
guide rail, and for the interference of the roller provided
outside the guide rail, the roller must be arranged outside
the actual element oscillation range, and the outer shape
of the probe must be extended in accordance with the
location of the roller. Therefore, this is a problem related
to a reduction in the size and the weight of the probe.
Further, when an organ, such as the heart, is to be
scanned along the lower edge of the costal arch, i.e.,
from below the ribs, the probe must be moved from below
the ribs to substantially parallel to the body surface, and
the roundness of the probe due to the presence of the
roller interferes with the scanning operation. In addition,
since multiple parts, such as a guide rail, a plurality of
rollers and a belt, are required for the mechanism, the
total cost for these parts and the complicated assembly
process are also problems.

DISCLOSURE OF THE INVENTION

[0023] While taking the above described points into
account, one objective of the present invention is to pro-
vide a hand-held, mechanical scanning ultrasonic probe,
according to which an ultrasonic element can be moved
within a large curvature, wherein a scanning area having
a large organism contact portion is provided, and which
can be made smaller and lighter, so that it is appropriate
for use for superficial tissue, such as the breast, the ca-
rotid artery and the thyroid.
[0024] Further, while taking the above described
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points into account, the objective of the present invention
is to provide a small, light and inexpensive mechanical
scanning ultrasonic probe that is appropriate for the sec-
tor scanning of an organ, such as the heart, through a
narrow organism contact area, such as a gap between
the ribs or the anterior fontanelle, or along the lower edge
of the costal arch, i.e., from below the ribs.
Furthermore, the objective of the present invention is to
provide a mechanical scanning ultrasonic probe that is
appropriate for sector scanning of an organ, such as the
heart, from below the ribs, and that can transmit and re-
ceive an ultrasonic beam from a narrow area of an or-
ganism in the vicinity of the body surface.
[0025] In order to achieve the objectives, an ultrasonic
probe according to the present invention is characterized
by comprising, in an area that is defined by a window of
the ultrasonic probe and a casing thereof, and in which
an acoustic coupling fluid is enclosed,
a motor, secured outside the probe casing;
a first cylinder pulley, which is secured inside the probe
casing, and through which a motor spindle of the motor
passes;
an arm secured to the motor spindle that passes through
and projects from the first cylinder pulley;
a second cylinder pulley, provided so rotatable at a pulley
shaft that is secured to an end of the arm opposite a
motor-spindle-secured end;
a slider bearing, secured to the second cylinder pulley;
a slider shaft, which is attached, by the slider bearing, so
slidable and with which an ultrasonic element is secured,
via the slider bearing, to a side opposite the motor spin-
dle;
a guide rail in an arced shape, secured inside the probe
casing, with a curvature center lying along an extension
from the ultrasonic element to the motor spindle; and
a roller, connected to the slider shaft to move while con-
tacting the guide rail.
[0026] With this arrangement, the ultrasonic element
inclines at the center of the curvature of the guide rail,
and also starts, due to telescopic movement, the oscil-
lation that has a large curvature at the center of the cur-
vature of the guide rail. Thus, oscillation equivalent to
that of an oscillating mechanism, which has a long arm
that extends from the curvature center of the guide rail
to the ultrasonic element, can be obtained, and the size
of the ultrasonic probe can be reduced.
[0027] Further, the ultrasonic probe is characterized
in that an elastic member is located between the slider
shaft and the slider bearing, so that the roller will be
pressed against a contacting face of the guide rail.
[0028] With this arrangement, while oscillating from
side to side, the ultrasonic element secured to the distal
end of the slider shaft performs a telescopic movement,
relative to the slider bearing.
[0029] Furthermore, the ultrasonic probe is character-
ized in that a spring is arranged between the slider shaft
and the slider bearing, so that the roller will be pressed
against a slider-bearing-side face of the guide rail.

[0030] With this arrangement, while oscillating from
side to side, the ultrasonic element secured to the distal
end of the slider shaft performs a telescopic movement,
relative to the slider bearing.
[0031] In addition, the ultrasonic probe is character-
ized in that a plurality of rollers are arranged in contact
with the slider-bearing-side face of the guide rail and a
face thereof opposite the slider-bearing-side face, re-
spectively, so as to sandwich the guide rail.
[0032] With this arrangement, the plurality of rollers
can slide along the guide rail, while sandwiching the guide
rail.
[0033] Moreover, the ultrasonic probe is character-
ized in that the plurality of rollers arranged to sandwich
the guide rail include:

a roller rotatably attached to the slider shaft; and

a roller provided so that the roller and the roller at-
tached to the slider shaft are to be drawn near each
other by a spring.

[0034] With this arrangement, the plurality of rollers
can slide along the guide rail, while sandwiching the guide
rail.
[0035] Further, the ultrasonic probe is characterized
in that:

the guide rail is prepared at a plurality of locations,
so that the roller is sandwiched between the guide
rails.

[0036] With this arrangement, the rollers can slide
along the guide rails, while sandwiched between the
guide rails.
[0037] Also, the ultrasonic probe is characterized in
that a plurality of the rollers are mounted and sandwiched
between the guide rails, so that the rollers, impelled by
springs, repel each other.
[0038] With this arrangement, since the rollers, im-
pelled by springs, repel each other, wobbling of the guide
rails, relative to the groove, can be eliminated.
[0039] Further, the ultrasonic probe is characterized
in that:

a ratio of one to two is employed as a ratio of a di-
ameter of the first cylinder pulley to a diameter of the
second cylinder pulley; and

a length of the guide rail from the center of the cur-
vature to the motor spindle is set equal to a length
of the arm extended from the motor spindle to the
second cylinder pulley.

[0040] With this arrangement, because of the inclina-
tion of the arm, the second cylinder pulley is rotated 1/2
way around the second cylinder pulley, in a direction op-
posite the rotational direction of the motor spindle, and
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when the motor spindle is rotated, the slider shaft, to
which the ultrasonic element is secured, oscillates at the
curvature center of the guide rail, while constantly main-
taining the rotational angle of 1/2 for the motor spindle.
[0041] Furthermore, the ultrasonic probe is character-
ized in that a length of the arm extending from the motor-
spindle-secured end to the other end, where the pulley
shaft is secured, is set equal to or greater than a length
extending from the pulley shaft to the roller shaft.
[0042] With this arrangement, since the center of the
curvature of the guide rail is located farther from the motor
spindle, a mechanism for oscillating the ultrasonic ele-
ment, along a trajectory having a large curvature radius,
can be made more compactly.
[0043] In addition, the ultrasonic probe is character-
ized in that:

the ultrasonic element that is secured to the slider
shaft is an electronic-scanning, array-type ultrasonic
element; and

when mechanical scanning is performed in a direc-
tion perpendicular to an electronic scanning direction
of the array-type ultrasonic element, scanning of two
cross sections perpendicular to each other is ena-
bled by using both the electronic scanning and the
mechanical scanning.

[0044] With this arrangement, a three-dimensional ul-
trasonic probe that performs mechanical scanning using
a large curvature, which makes it easy for the probe to
closely contact the superficial tissue, can be obtained.
[0045] In order to achieve the above objectives, an ul-
trasonic probe according to the present invention is char-
acterized by comprising, in an area which is defined by
a window of the ultrasonic probe and an outer case there-
of, and wherein an acoustic coupling fluid is enclosed,
a first pulley, which is secured inside a probe casing,
outside of which a motor is secured and through which
a motor spindle of the motor is passed;
an arm, secured to the motor spindle that is passed
through and projected from the first pulley;
a second pulley, provided so rotatable at a pulley shaft
that is secured to an end of the arm opposite a motor-
spindle secured end;
a connecting member, for connecting the first pulley to
the second pulley;
a slider bearing, secured to the second pulley;
a slider shaft, which is mounted, by the slider bearing,
so slidable, and to one end of which an ultrasonic element
is secured;
a roller shaft, provided for the other end of the slider shaft;
a guide rail in an arced shape, which is secured inside
the probe casing, and for which a curvature center is
present on a line extended from a roller-shaft-secured
end of the slider shaft in a direction toward the ultrasonic
element; and
a roller moving, via the roller shaft connected to the slider

shaft, while contacting the guide rail.
[0046] With this arrangement, when the motor spindle
begins to rotate or oscillate, the ultrasonic element moves
along an oscillation trajectory by employing, as the center
of oscillation, the curvature center of the guide rail. Fur-
ther, a mechanism can be obtained for which the center,
for sector acoustic scanning, is located on the obverse
surface of the window where the acoustic coupling liquid
is enclosed, or around the surface. Also, an ultrasonic
probe can be provided whereby a constant proportional
relationship, between the rotational angle of the motor
and the oscillation angle of the acoustic element, and a
constant distance, between the acoustic element and the
window, can be maintained, and whereby the ultrasonic
beam can be transmitted or received through a narrow
area near the body surface of the organism.
[0047] Further, the ultrasonic probe is characterized
in that an elastic member is located between the slider
shaft and the slider bearing, so that the roller will be
pressed against a contacting face of the guide rail.
[0048] With this arrangement, while oscillating from
side to side, the ultrasonic element secured to the distal
end of the slider shaft performs a telescopic movement,
relative to the slider bearing.
[0049] Furthermore, the ultrasonic probe is character-
ized in that a spring that is the elastic member is arranged
between the slider shaft and the slider bearing, so that
the roller will contact a slider-bearing-side face of the
guide rail.
[0050] With this arrangement, while oscillating from
side to side, the ultrasonic element secured to the distal
end of the slider shaft performs a telescopic movement,
relative to the slider bearing.
[0051] Further, the ultrasonic probe is characterized
in that the spring, which is the elastic member, is located
between the slider shaft and the slider bearing, so that
the spring brings the roller into contact the guide rail on
a side opposite the slider bearing.
[0052] With this arrangement, while oscillating from
side to side, the ultrasonic element secured to the distal
end of the slider shaft performs a telescopic movement,
relative to the slider bearing.
[0053] In addition, the ultrasonic probe is character-
ized in that a plurality of rollers are arranged in contact
with the slider-bearing-side face of the guide rail and a
face thereof opposite the slider-bearing-side face, re-
spectively, so as to sandwich the guide rail.
[0054] With this arrangement, the plurality of rollers
can slide along the guide rail, while sandwiching the guide
rail.
[0055] Moreover, the ultrasonic probe is character-
ized in that the plurality of rollers arranged to sandwich
the guide rail include:

a roller rotatably attached to the slider shaft; and

a roller provided so that the roller and the roller at-
tached to the slider shaft are to be drawn near each
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other by a spring.

[0056] With this arrangement, the plurality of rollers
can slide along the guide rail, while sandwiching the guide
rail.
[0057] Further, the ultrasonic probe is characterized
in that:

the guide rail is prepared at a plurality of locations,
so that the roller is sandwiched between the guide
rails.

[0058] With this arrangement, the rollers can slide
along the guide rails, while sandwiched between the
guide rails.
[0059] Also, the ultrasonic probe is characterized in
that a plurality of the rollers are mounted and sandwiched
between the guide rails, so that the rollers, impelled by
springs, repel each other.
[0060] With this arrangement, since the rollers, im-
pelled by springs, repel each other, wobbling of the guide
rails, relative to the groove, can be eliminated.
[0061] Further, the ultrasonic probe is characterized
in that:

a ratio of one to two is employed as a ratio of a di-
ameter of the first pulley to a diameter of the second
pulley; and

a length of the guide rail from the center of the cur-
vature to the motor spindle is set equal to a length
of the arm extended from the motor spindle to the
second pulley.

[0062] With this arrangement, because of the inclina-
tion of the arm, the second pulley is rotated 1/2 way
around the second pulley, in a direction opposite the ro-
tational direction of the motor spindle, and when the mo-
tor spindle is rotated, the slider shaft, to which the ultra-
sonic element is secured, oscillates at the curvature cent-
er of the guide rail, while constantly maintaining the ro-
tational angle of 1/2 for the motor spindle.
[0063] Furthermore, the ultrasonic probe is character-
ized in that a length of the arm extending from the motor-
spindle-secured end to the end, where the pulley shaft
is secured, is set equal to or greater than a length ex-
tending from the pulley shaft to the roller shaft.
[0064] With this arrangement, since the center of the
curvature of the guide rail is located farther from the motor
spindle, a mechanism for oscillating the ultrasonic ele-
ment, along a trajectory having a large curvature radius,
can be made more compactly.
[0065] In addition, the ultrasonic probe is character-
ized in that:

the ultrasonic element that is secured to the slider
shaft is an electronic-scanning, array-type ultrasonic
element; and

when mechanical scanning is performed in a direc-
tion perpendicular to an electronic scanning direction
of the array-type ultrasonic element, scanning of two
cross sections perpendicular to each other is ena-
bled by using both the electronic scanning and the
mechanical scanning.

[0066] With this arrangement, a three-dimensional ul-
trasonic probe that performs mechanical scanning using
a large curvature, which makes it easy for the probe to
closely contact the superficial tissue, can be obtained.
[0067] To achieve the above objectives, an ultrasonic
probe according to the present invention comprises:

a motor;

a first arm, fitted to a rotary shaft of the motor so
rotatable in accordance with a rotation of the rotary
shaft;

a second arm, to the distal end of which an ultrasonic
element is attached;

a grooved portion formed in the second arm, for stor-
ing a distal end of the first arm, so that the distal end
of the first arm is shifted parallel to the second arm;

a third arm, constituting a linking mechanism having
two rotatable ends, one end of which is rotatably at-
tached to the second arm by a first shaft that is
mounted on an end of the second arm, opposite the
end to which the ultrasonic element is secured, and
the other end of which is rotatably attached to the
first arm by a second shaft, located at an arbitrary
position between a rotational center of the first arm
and the grooved portion of the second arm; and

a spring, for drawing an end portion, where the sec-
ond arm and the third arm are connected, along a
motor-spindle, perpendicular line, toward a side op-
posite the end of the second arm where the ultrasonic
element is secured,

wherein the second arm, to which the ultrasonic element
is attached, is oscillated in accordance with the rotation
of the rotary shaft of the motor.
[0068] With this arrangement, since the first arm se-
cured to the motor spindle is rotated at the motor spindle,
the distal end of the first arm oscillates the second arm,
while being shifted parallel along the grooved portion that
is formed in the second arm. The first shaft secured end
of the third arm is rotatably attached to the first shaft
secured end of the second arm, and the second shaft
secured end of the third arm is rotatably attached in the
middle of the first arm. Thus, the distal end of the first
arm, the second shaft secured end of the third arm and
the first shaft secured end of the third arm form a triangle.
When the first arm is rotated in this arrangement, the
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distal end of the second arm can be oscillated along a
trajectory that has a larger curvature than when it is os-
cillated at the motor spindle.
[0069] Moreover, the ultrasonic probe is character-
ized in that:

a length from a coupling point of the third arm that
joins the first arm to a coupling point that joins the
second arm is set equal to a length from a coupling
point of the first arm that joins the third arm to a cou-
pling point that joins the second arm;

the spring is arranged between an intersection point
of the motor-spindle, perpendicular line with a tra-
jectory of the distal end of the first arm, on a side
opposite the end where the ultrasonic element is se-
cured, and an end portion at which the second arm
and the third arm are connected using the first shaft;
and

the triangle formed using the individual coupling
points is an isosceles triangle.

[0070] With this arrangement, when the first arm is piv-
oted at a predetermined angle, the distal end of the sec-
ond arm is rotated 1/2 of the predetermined angle by
employing, as a virtual center point, the center point of a
circular arc trajectory drawn by the third arm and the sec-
ond arm during oscillation. Thus, the oscillation trajectory
that is obtained using a long arm that oscillates at the
virtual center point can be provided using a short arm.
[0071] Also, the ultrasonic probe is characterized in
that the second shaft, which connects the first arm to the
third arm, is located near the distal end side of the first
arm from an intermediate point at a distance from the
rotational center of the first arm to the distal end thereof.
[0072] With this arrangement, when the first arm is os-
cillated, the distance at which the coupling point of the
third arm and the second arm is projected, from outside
the motor spindle, can be shortened, and the scanning
mechanism for oscillating the ultrasonic element can be
further downsized.
[0073] Further, the ultrasonic probe is characterized
in that:

a speed reduction mechanism is provided for the ro-
tary shaft of the motor; and

the first arm is oscillated while the rotational center
of the first arm is secured to the rotary shaft, the
speed of which is reduced by the speed reduction
mechanism.

[0074] With this arrangement, since the rotation of the
motor is controlled based on a rotation angle that is much
larger than the oscillation angle of the ultrasonic element,
the position of the element portion can be controlled more
precisely, even using a pulse motor having a large pitch

or an encoder having a large pitch.
[0075] Furthermore, the ultrasonic probe is character-
ized in that the ultrasonic element is an electronic scan-
ning type element, and is to be mechanically oscillated
in an electronic scanning direction and in a direction per-
pendicular to the electronic scanning direction.
[0076] With this arrangement, the ultrasonic probe that
enables three-dimensional scanning by performing elec-
tronic scanning and mechanical scanning can be provid-
ed.
[0077] To achieve the above objectives, an ultrasonic
probe according to the present invention comprises:

a motor;

a first arm, fitted to a rotary shaft of the motor so
rotatable in accordance with a rotation of the rotary
shaft;

a second arm, to the window side distal end of which
an ultrasonic element is attached;

a grooved portion formed in the second arm, for stor-
ing a distal end of the first arm, so that the distal end
of the first arm is shifted parallel to the second arm;

a third arm, constituting a linking mechanism having
two rotatable ends, one end of which is rotatably at-
tached to the second arm by a first shaft that is pro-
vided between a secured end, of the ultrasonic ele-
ment that is mounted on the second arm, and the
grooved portion, and the other end of which is rotat-
ably attached to the first arm by a second shaft that
is located at an arbitrary position between a rotation-
al center of the first arm and the grooved portion of
the second arm; and

a spring, for drawing an end portion, where the sec-
ond arm and the third arm are connected, along a
motor-spindle, perpendicular line, toward the end of
the second arm where the ultrasonic element is se-
cured,

wherein the second arm, to which the ultrasonic element
is attached, is oscillated in accordance with the rotation
of the rotary shaft of the motor.
[0078] With this arrangement, since the first arm se-
cured to the motor spindle is rotated at the motor spindle,
the distal end of the first arm oscillates the second arm,
while being shifted parallel along the grooved portion that
is formed in the second arm. The first-shaft secured end
of the third arm is rotatably attached to the first shaft,
which is provided between the end of the second arm,
to which the ultrasonic element is secured, and the
grooved portion, while the second-shaft secured end of
the third arm is rotatably attached to the second shaft,
which is provided between the distal end of the first arm
and the rotational center. Thus, the distal end of the first
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arm, the second-shaft secured end of the third arm and
the first-shaft secured end of the third arm form a triangle,
and the portion where the second arm and the third arm
are rotatably connected by the first shaft is drawn, by the
spring, toward the end of the second arm where the ul-
trasonic element is secured. With this arrangement,
when the first arm is rotated, the ultrasonic element se-
cured to the window side of the second arm can oscillate
by employing the vicinity of the window as the virtual os-
cillation center.
[0079] Moreover, the ultrasonic probe is character-
ized in that:

a length from a coupling point of the third arm that
joins the first arm to a coupling point that joins the
second arm is set equal to a length from a coupling
point of the first arm that joins the third arm to a cou-
pling point that joins the second arm;

the spring is arranged between an intersection point
of the motor-spindle, perpendicular line with a tra-
jectory of the distal end of the first arm, on the side
of the end where the ultrasonic element is secured,
and an end portion at which the second arm and the
third arm are connected using the first shaft; and

the triangle formed using the individual coupling
points is an isosceles triangle.

[0080] With this arrangement, when the first arm is piv-
oted at a predetermined angle, the distal end of the sec-
ond arm is turned 1/2 of the predetermined angle by em-
ploying, as a virtual center point, an intersection point of
the circular arc trajectory, drawn by the distal end of the
first arm, with the perpendicular line, drawn downward
from the motor spindle in a drawing. Therefore, oscillation
can be performed using the virtual oscillation center.
[0081] Also, the ultrasonic probe is characterized in
that the second shaft, which connects the first arm to the
third arm, is located near the distal end side of the first
arm from an intermediate point at a distance from the
rotational center of the first arm to the distal end thereof.
[0082] With this arrangement, when the first arm is os-
cillated, the distance at which the coupling point of the
third arm and the second arm is projected, from outside
the motor spindle, can be shortened, and the ultrasonic
element and the mechanism can be arranged inside the
oscillation center point of the ultrasonic element, i.e., in-
side the vicinity of the window. Thus, the arrangement
wherein the ultrasonic element does not collide with the
window during oscillation can be provided.
[0083] Further, the ultrasonic probe is characterized
in that:

a speed reduction mechanism is provided for the ro-
tary shaft of the motor; and

the rotational center of the first arm is secured to the

rotary shaft, the speed of which is reduced by the
speed reduction mechanism, and the motor is ar-
ranged separate from the window of the ultrasonic
probe to perform oscillation.

[0084] With this arrangement, since the rotation of the
motor is controlled based on a rotation angle that is much
larger than the oscillation angle of the ultrasonic element,
the position of the element portion can be controlled more
precisely, even using a pulse motor having a large pitch
or an encoder having a large pitch. In addition, since the
speed reduction mechanism is interposed between the
motor spindle and the first arm, instead of the motor spin-
dle being directly secured to the first arm, the motor can
be arranged separate from and above the window of the
ultrasonic probe, without being projected from the win-
dow that is a body surface contact portion.
[0085] Furthermore, the ultrasonic probe is character-
ized in that:

the ultrasonic element is an electronic scanning type
element, and is to be mechanically oscillated in an
electronic scanning direction and in a direction per-
pendicular to the electronic scanning direction, or is
characterized in that:

the ultrasonic element is a single element, which
is to be independently rotated or oscillated to
perform mechanical scanning, and is to be me-
chanically oscillated in a direction perpendicular
to a direction for the mechanical scanning.

[0086] With this arrangement, the ultrasonic probe that
enables three-dimensional scanning can be provided.
[0087] According to the present invention, since a short
arm, i.e., a small oscillating mechanism, can be em-
ployed as a mechanism for mechanically oscillating an
ultrasonic element along a large oscillating curvature, the
size and the weight of the hand-held ultrasonic probe can
be reduced, thereby providing an ultrasonic probe for
which diagnosis operability is improved. Specifically,
such a hand-held mechanical scanning ultrasonic probe
can be provided that satisfies conflicting requests for an
ultrasonic probe used for a diagnosis performed for su-
perficial tissue, i.e., requests for the provision of a large
visual field in the vicinity of a large body surface and for
a reduction in the size and the weight, and that is appro-
priate for use for superficial tissue, such as the breast,
the carotid artery or the thyroid.
[0088] Further, according to the present invention, the
above described arrangement can provide effects such
that ultrasonic scanning can be performed via a narrow
area on the body contact face, a constant relationship
can be maintained between the rotational angle of a drive
source, such as a motor, and the rotational angle of the
ultrasonic element, and when the rotational angle of a
drive source, such as the motor, is maintained, acoustic
scan lines can be kept at a constant density. In addition,
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since a constant relationship is always maintained be-
tween the rotational angle of the motor spindle and the
oscillating angle of the ultrasonic element, the motor spin-
dle need only be rotated at a steady velocity, so that the
oscillating velocity of the ultrasonic element can be con-
stant, and the density of the scanning lines for forming
an ultrasonic image can be maintained. Further, when
the forward and reverse rotation of the motor spindle is
performed at a small angle, the acoustic scan line density
can be uniformly increased to extract a specific portion
of an organ that rapidly moves. Based on the above de-
scribed effects, a mechanical scanning ultrasonic probe
can be obtained that is appropriate for use when the ul-
trasonic image of the heart is to be obtained through the
ribs, or when the ultrasonic diagnostic image of the brain
is to be obtained via the anterior fontanelle of a newborn
baby.
[0089] According to the present invention, since a short
arm, i.e., a small oscillating mechanism, can be em-
ployed as a mechanism for mechanically oscillating an
ultrasonic element along a large oscillating curvature, the
size and the weight of the hand-held ultrasonic probe can
be reduced, thereby providing an ultrasonic probe for
which diagnosis operability is improved. Specifically,
such a hand-held mechanical scanning ultrasonic probe
can be provided that satisfies conflicting requests for an
ultrasonic probe used for a diagnosis performed for su-
perficial tissue, i.e., requests for the provision of a large
visual field in the vicinity of a large body surface and for
a reduction in the size and the weight, and that is appro-
priate for use for superficial tissue, such as the breast,
the carotid artery or the thyroid.
[0090] Moreover, according to the present invention,
when scanning is performed by mechanically oscillating
the ultrasonic element in accordance with the rotation of
the motor, the trajectory of the oscillation of the ultrasonic
element can be drawn by employing, as the center, the
vicinity of the window that contacts the organism. Further,
when the center point in the sector radiation of the ultra-
sonic element is set in the vicinity of the window, obsta-
cles along the ultrasonic transmission/reception path can
be avoided to perform scanning.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091]

Fig. 1 is a front view of an ultrasonic probe according
to a first mode of the present invention;

Fig. 2 is a side view of the ultrasonic probe according
to the first mode of the present invention;

Fig. 3 is a front view for explaining the oscillation
state of the ultrasonic probe according to the first
mode of the present invention;

Fig. 4 is a side view of an ultrasonic probe according

to a second mode of the present invention;

Fig. 5 is a side view of an ultrasonic probe according
to a third mode of the present invention;

Fig. 6 is a side view of an ultrasonic probe according
to a fourth mode of the present invention;

Fig. 7 is a side view of an ultrasonic probe according
to a fifth mode of the present invention;

Fig. 8 is a side view of an ultrasonic probe according
to a sixth mode of the present invention;

Fig. 9 is a side view of an ultrasonic probe according
to a seventh mode of the present invention;

Fig. 10 is a side view of an ultrasonic probe according
to an eighth mode of the present invention;

Fig. 11 is a side view of an ultrasonic probe according
to a ninth mode of the present invention;

Fig. 12 is a front view of the ultrasonic probe accord-
ing to the ninth mode of the present invention;

Fig. 13 is a front view for explaining the oscillation
state of the ultrasonic probe according to the ninth
mode of the present invention;

Fig. 14 is a side view of an ultrasonic probe according
to a tenth mode of the present invention;

Fig. 15 is a side view of an ultrasonic probe according
to an eleventh mode of the present invention;

Fig. 16 is a side view of an ultrasonic probe according
to a twelfth mode of the present invention;

Fig. 17 is a side view of an ultrasonic probe according
to a thirteenth mode of the present invention;

Fig. 18 is a side view of an ultrasonic probe according
to a fourteenth mode of the present invention;

Fig. 19A is a front view for explaining an ultrasonic
probe according to a fifteenth mode of the present
invention;

Fig. 19B is a front view for explaining the ultrasonic
probe according to the fifteenth mode of the present
invention;

Fig. 20 is a front view for explaining the oscillation
state of the ultrasonic probe according to the fifteenth
mode of the present invention;

Fig. 21A is a front view for explaining an ultrasonic
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probe according to a sixteenth mode of the preset
invention, with a probe casing removed;

Fig. 21B is a cross-sectional view for explaining the
ultrasonic probe according to a sixteenth mode of
the preset invention, taken from the side that in-
cludes the probe casing;

Fig. 22 is a schematic diagram for explaining the
oscillation state of the ultrasonic probe according to
the sixteenth mode of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0092] <First Mode> Ultrasonic probes according to
the modes of the present invention will now be described
while referring to drawings. Figs. 1 and 2 are a front view
and a side view of an ultrasonic probe according to a first
mode of the present invention. In Fig. 2, a motor spindle
17 of a motor 1 is to be rotated or oscillated upon exter-
nally receiving an electric drive signal from ultrasonic di-
agnostic equipment (not shown). An ultrasonic element
2 is stored in an area that is enclosed by a window 3 and
a probe casing 7, and this area is filled with an acoustic
coupling liquid 4 for transferring an ultrasonic signal that
is transmitted or received by the ultrasonic element 2.
[0093] The motor spindle 17 of the motor 1, which is
secured to the outside of the probe casing 7, passes via
a sealant, such as material used as an oil seal (not
shown), through the probe casing 7 and a first cylinder
pulley 5 that is secured to the probe casing 7 and to an
arm 16 arranged within the probe casing 7. A pulley shaft
20 is secured to the other end of the arm 16, and a second
cylinder pulley 8 is mounted so rotatable around the pul-
ley shaft 20. The first cylinder pulley 5 and the second
cylinder pulley 8 are secured using a wire 6 and, respec-
tively, a first wire fastening device 9 and a second wire
fastening device 18.
[0094] A slider bearing 15 is secured to the second
cylinder pulley 8, and a slider shaft 14 is fitted, so slidable,
on the slider bearing 15. A roller shaft 13 is secured to
the slider shaft 14, and a roller 10 is mounted so rotatable
around the roller shaft 13. In this arrangement, a spring
11, which is arranged between a part of the slider shaft
14 and a part of the slider bearing 15, exerts a constant
force to draw the roller 10 down to contact a guide rail
12 located inside the probe casing 7.
[0095] With such an arrangement, wherein the first cyl-
inder pulley 5 and the second cylinder pulley 8 are held
by the wire 6, and wherein the first cylinder pulley 5 is
secured to the probe casing 7, when the motor spindle
17 rotates and inclines the arm 16, at the same time, the
second cylinder pulley 8 begins to be rotated around the
pulley shaft 20. Since the slider bearing 15 is secured to
the second cylinder pulley 8, the slider bearing 15, as
well as the second cylinder pulley 8, is inclined and ro-
tated at the same time as the motor spindle 17 is rotated.
The slider shaft 14, slidably attached to the slider bearing

15, also performs the same movements. Further, since
the roller 10 that is rotatably attached to the roller shaft
13, which is fixed to the slider shaft 14, is constantly drawn
down by the spring 11 to make contact with the guide rail
12, located inside the probe outer case 7, the slider 14,
in addition to inclination and rotation, performs a tele-
scopic movement along the shape of the guide rail 12 as
the motor spindle 17 is rotated.
[0096] At this time, when, as illustrated in Fig. 1, 19
denotes a guide rail curvature center for the guide rail
12, assume that a distance L2 from the guide rail curva-
ture center 19 to the center of the first cylinder pulley 5,
i.e., a distance to the center of the motor spindle 17, is
set equal to a distance L1 from the center of the first
cylinder pulley 5 to the center of the second cylinder pul-
ley 8, and that a ratio of the diameter of the first cylinder
pulley 5 to the diameter of the second cylinder pulley 8
is defined as a ratio of one to two.
[0097] The state wherein the ultrasonic element 2 is
oscillated will now be described in detail while referring
to Fig. 3. According to the arrangement of this invention,
since the length L2, from the guide rail curvature center
19 to the center of the motor spindle 17, is set equal to
the length L1, from the center of the point of the arm 16
secured to the motor spindle 17 to the center of the sec-
ond cylinder pulley 8, an isosceles triangle is formed by
the center of the second cylinder pulley 8, the center of
the motor spindle 17 and the guide rail curvature center
19, so that a relationship of two to one is constantly es-
tablished between a motor spindle rotational angle 21
and an element oscillating angle 22 in Fig. 3. Further-
more, since a ratio of one to two is employed for the
diameter of the first cylinder pulley 5 and the diameter of
the second cylinder pulley 8, and the first cylinder pulley
5 and the second cylinder pulley 8 are held by a wire or
a steel band belt, the second cylinder pulley 8 is rotated,
due to the inclination of the arm 16, by 1/2 a rotation at
the second cylinder pulley 8 in a direction opposite the
rotation direction for the motor spindle 17.
[0098] Therefore, when the motor spindle 17 is rotated,
the slider shaft 14 to which the ultrasonic element 2 is
fitted initiates oscillation by employing the guide rail cur-
vature center 19 as the oscillation center, while maintain-
ing a displacement that is 1/2 the motor spindle rotation
angle 21.
[0099] Furthermore, the roller 10 is provided for the
slider shaft 14 to which the ultrasonic element 2 is se-
cured, so that by means of the spring 11, the roller 10 is
constantly held against or brought into contact with the
guide rail 12. Thus, while being oscillated from side to
side, the ultrasonic element 2 slides relative to the slider
bearing 15, and performs a telescopic movement, i.e.,
the distance from the ultrasonic element 2 to the pulley
shaft 20 of the second cylinder pulley 8, to which the
slider bearing 15 is fixed, is increased or reduced.
[0100] As described above, the ultrasonic element 2
inclines at the guide rail curvature center 19, and also
oscillates, due to a telescopic movement, with a large
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curvature at the guide rail curvature center 19. Therefore,
it is possible to obtain the same oscillation as provided
by an oscillation mechanism that has a long arm extend-
ed from the guide rail curvature center 19 to the ultrasonic
element 2, and the size of the ultrasonic probe can be
reduced.
[0101] For this mode, an arrangement has been em-
ployed wherein the roller 10 is drawn toward the guide
rail 12 by the spring 11 provided on the side opposite the
slider bearing 15, i.e., wherein the spring 11 is employed
to hold the roller 10 against the face of the guide rail 12
opposite the slider bearing side. However, the arrange-
ment wherein the roller 10 is arranged inside the guide
rail 12 (on the slider bearing side) and is drawn down by
the spring 11, i.e., the arrangement wherein the spring
11 is employed to hold the roller 10 against the slider
bearing side face of the guide rail 12, may be employed.
Further, the roller 10 has been made rotatable at the roller
shaft 13 in order to reduce sliding resistance. However,
a Teflon (registered trademark) resin that has a low slid-
ing resistance may be employed as the material for the
guide rail 12 and the roller 10, and the roller 10 need not
always be rotatable at the roller shaft 13.
[0102] Moreover, as a method for maintaining the roller
10 contact with the guide rail 12, the guide rail may be
sandwiched by two or more rollers. As another arrange-
ment, two guide rails 12 may be provided to sandwich
the roller in between. In this case, two or more rollers,
impelled by springs, may be attached so they repel each
other, in order to remove the unsteadiness of the rollers
in the grooves of the guide rails.
[0103] Further, according to the arrangement de-
scribed for this mode, the ultrasonic element 2 is oscil-
lated constantly at one point at the center of the inclination
angle of the ultrasonic element 2, and the same center
position has been employed to draw the trajectory for
oscillation of the ultrasonic element 2. However, in a case
wherein the center of the oscillation angle need not be
the same as the center of the oscillation trajectory, it is
not always a requirement that the length from the guide
rail curvature center 19 to the center of the motor spindle
17 be equal to the length from the center of the motor
spindle 17 to the center of the second cylinder pulley 8,
and that a ratio for the diameter of the first cylinder pulley
5 to the diameter of the second cylinder pulley 8 be a
ratio of one to two.
[0104] In addition, the ultrasonic element 2 may be a
single element, and the ultrasonic probe may be a me-
chanical type that employs the above oscillating mech-
anism to perform mechanical scanning. However, when
the ultrasonic element 2 of an electronic scanning type
is arranged to perform electronic scanning in a direction
perpendicular to the mechanical oscillation direction, an
ultrasonic probe that performs electronic scanning and
mechanical scanning and obtains a three-dimensional
ultrasonic image can be provided.
[0105] Also, when the length of the arm 16 from the
end where the motor spindle 17 is secured to the end

where the pulley shaft 20 is secured is equal to or greater
than the length of the pulley shaft 20 to the center of the
roller 10, the guide rail curvature center 19 is located
more farther from the motor spindle 17. Thus, the mech-
anism that oscillates the ultrasonic element 2 along a
trajectory having a large curvature radius can be further
downsized.
[0106] Moreover, when an electronic scanning array
element is employed as the ultrasonic element 2, and
the above described mechanism is employed to perform
mechanical scanning in a direction perpendicular to the
electronic scanning direction of the array element, a
three-dimensional ultrasonic probe can be obtained that
performs mechanical scanning with a large curvature,
with which it is easy for the probe to closely contact su-
perficial tissue.
[0107] <Second Mode> An ultrasonic probe according
to a second mode of the present invention is illustrated
in Fig. 4. The same reference numerals as used in the
first mode are also employed to describe the correspond-
ing arrangement. In the second mode, a point greatly
different from the first mode is that a guide rail 12a is
integrally formed with a probe casing 7. According to this
arrangement, since there is no undercut portion, in a case
wherein the probe casing 7 is to be formed using a mold,
the mold for the probe casing 7 can be raised toward the
window 3 after the probe casing 7 has been formed.
Therefore, the use of a slider mold is not required, the
expenditure for a mold is reduced, and the probe can be
manufactured at a low cost. In addition, since a roller 10
is constantly pressed toward the guide rail 12a by a spring
1, a constant distance between an ultrasonic element 2
and the window 3 can be maintained.
[0108] <Third Mode> An ultrasonic probe according to
a third mode of the present invention is illustrated in Fig.
5. The same reference numerals as used in the above
described modes are employed to describe the corre-
sponding arrangement. The ultrasonic probe of this mode
is effective for a case wherein for use a window side is
directed downward. An ultrasonic element 2 can perform
oscillation while, impelled by its own weight, a roller 10a
contacts a guide rail 12 on the window 3 side. Thus, with-
out a spring 11 being required, a constant distance can
be maintained between the ultrasonic element 2 and the
window 3, and oscillation of the ultrasonic element 2 is
enabled. Further, according to the structure of this mode,
the distance between the ultrasonic element 2 and the
window 3 is always maintained, even in a case wherein
the probe is dropped, and it is thus possible that, should
the probe be dropped, the ultrasonic element 2 will avoid
colliding with the window 3 and being damaged.
[0109] <Fourth Mode> An ultrasonic probe according
to a fourth mode of the preset invention is illustrated in
Fig. 6. The same reference numerals as used in the
above modes are employed to describe the correspond-
ing arrangement. In the ultrasonic probe of this mode, in
addition to the third mode, a constant distance between
an ultrasonic element 2 and a window 3 can be main-
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tained by the force exerted by a spring 11. Thus, in a
case wherein the probe is to be moved while upside down
and in contact with an organism, the same distance be-
tween the ultrasonic element 2 and the window 3 can be
maintained for all the postures of the probe.
[0110] <Fifth Mode> An ultrasonic probe according to
a fifth mode of the present invention is illustrated in Fig.
7. The same reference numerals as used in the above
modes are employed to describe the corresponding ar-
rangement. According to the arrangement of the ultra-
sonic probe of this mode, a guide rail 12 is arranged so
sandwiched between two rollers 10, 10a, and using these
two rollers, the distance between an ultrasonic element
2 and a window 3 is maintained along the guide rail 12.
Therefore, it is possible to avoid a phenomenon such
that, when the slider shaft, i.e., the ultrasonic element 2,
is extended or retracted by the urging force of the spring
11, the force exerted to press the roller 10 against the
guide rail 12 will vary, depending on the oscillation posi-
tion. Thus, it is also possible to avoid a phenomenon
wherein the mechanical load imposed on the motor 1 for
oscillation is changed, depending on the oscillation an-
gle, and accordingly, load change need not be consid-
ered when the motor 1 for oscillating the ultrasonic ele-
ment 2 is controlled.
[0111] <Sixth Mode> An ultrasonic probe according to
a sixth mode of the present invention is illustrated in Fig.
8. The same reference numerals as used in the above
modes are employed to describe the corresponding ar-
rangement. According to the arrangement of the ultra-
sonic probe of this mode, a guide rail 12 is sandwiched
between two rollers 10, 10a, and these two rollers 10,
10a are drawn by a spring 11a. Therefore, since the roll-
ers 10, 10a are drawn in toward each other by the force
exerted by the spring 11a, even when the width of the
guide rail 12 sandwiched between the two rollers 10, 10a
is slightly un-uniform, a load that will be increased in a
case where there is a wide guide rail can be reduced,
and also, the wobbling that will occur in a case where
there is a narrow guide rail can be reduced.
[0112] <Seventh Mode> An ultrasonic probe accord-
ing to a seventh mode of the present invention is illus-
trated in Fig. 9. The same reference numerals as used
in the above modes are employed to describe the corre-
sponding arrangement. Unlike in the sixth mode, the ul-
trasonic probe of this mode employs an arrangement
wherein two guide rails 12 are provided and a roller 10
is located between them, so that a slider shaft, i.e., an
ultrasonic element 2 is extended or retracted. Since a
phenomenon can be avoided such that the force exerted
to press the roller 10 against the guide rails 12 is changed
depending on the oscillation position, it is possible to
avoid a phenomenon such that a mechanical load im-
posed on the motor 1 for oscillation is changed, depend-
ing on the oscillation angle, and load fluctuation need not
be considered when the motor 1 is controlled to perform
oscillation. Further, in this mode, one roller is employed
for a mechanism section that performs a telescopic

movement, the mass of the mechanism section for per-
forming a telescopic movement can be reduced, and vi-
brations caused by the telescopic movement can be re-
duced during oscillation. In addition, in a case of wherein
the guide rails 12 are formed using machining, grooves
can be formed in one milling process, etc., performed
along the shapes of the guide rails, and the width of the
grooves can be more easily and accurately obtained than
are the projected rails for the ultrasonic probe described
in the sixth mode.
[0113] <Eighth Mode> An ultrasonic probe according
to an eighth mode of the present invention is illustrated
in Fig. 10. The same reference numerals as used in the
above modes are employed to describe the correspond-
ing arrangement. According to the ultrasonic probe of
this mode, a plurality of rollers 10, 10a repel each other,
using a spring 11, between a plurality of guide rails 12,
12a, and are moved while pressed against the sliding
face of the guide rails. With this arrangement, unsteadi-
ness, caused by errors in the groove width of the guide
rails and the roller diameter, and load fluctuation can be
absorbed by the spring 11. Thus, the motor 1 can be
stably and easily controlled when the load fluctuates dur-
ing oscillation, and the acquisition of a targeted oscillation
velocity and a reduction in velocity fluctuation can be pro-
vided using a comparatively easy control method.
[0114] <Ninth Mode> Ultrasonic probes according to
the modes of the present invention will now be described
while referring to drawings. Figs. 11 and 12 are a front
view and a side view of an ultrasonic probe according to
a ninth mode of the present invention. In these drawings,
a motor spindle 17 of a motor 1 is to be rotated or oscil-
lated upon externally receiving an electric drive signal
from ultrasonic diagnostic equipment (not shown). An ul-
trasonic element 2 is stored in an area that is enclosed
by a window 3 and a probe casing 7, and this area is
filled with an acoustic coupling liquid 4 for transferring an
ultrasonic signal that is transmitted or received by the
ultrasonic element 2.
[0115] The motor spindle 17 of the motor 1, which is
secured to the outside of the probe casing 7, passes via
a sealant, such as material used as an oil seal (not
shown), through the probe casing 7 and a first cylinder
pulley 5 that is secured to the probe casing 7 and to an
arm 16 arranged within the probe casing 7. A pulley shaft
20 is secured to the other end of the arm 16, and a second
cylinder pulley 8 is mounted so rotatable around the pul-
ley shaft 20. The first cylinder pulley 5 and the second
cylinder pulley 8 are secured using a wire 6 and, respec-
tively, a first wire fastening device 9 and a second wire
fastening device 18.
[0116] With such an arrangement, wherein the first cyl-
inder pulley 5 and the second cylinder pulley 8 are held
by the wire 6, and wherein the first cylinder pulley 5 is
secured to the probe casing 7, when the motor spindle
17 rotates and inclines the arm 16, at the same time, the
second cylinder pulley 8 begins to be rotated around the
pulley shaft 20. Since the slider bearing 15 is secured to
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the second cylinder pulley 8, the slider bearing 15, as
well as the second cylinder pulley 8, is inclined and ro-
tated at the same time as the motor spindle 17 is rotated.
The slider shaft 14, slidably attached to the slider bearing
15, also performs the same movements. Further, since
the roller 10 that is rotatably attached to the roller shaft
13, which is fixed to the slider shaft 14, is constantly drawn
down by the spring 11 to make contact with the guide rail
12, located inside the probe outer case 7, the slider 14,
in addition to inclination and rotation, performs a tele-
scopic movement along the shape of the guide rail 12 as
the motor spindle 17 is rotated. The ultrasonic element
2 is fixed on the side opposite the end of the slider shaft
14 that is fixed to the roller shaft 13.
[0117] At this time, when, as illustrated in Fig. 12, the
guide rail 12 is formed in an arced shape that has an a
guide rail curvature center 19 as the center, assume that
a distance L2 from the guide rail curvature center 19 to
the center of the first cylinder pulley 5, i.e., a distance to
the center of the motor spindle 17, is set equal to a dis-
tance L1 from the center of the first cylinder pulley 5 to
the center of the second cylinder pulley 8, and that a ratio
of the diameter of the first cylinder pulley 5 to the diameter
of the second cylinder pulley 8 is defined as a ratio of
one to two.
[0118] The state wherein the ultrasonic element 2 is
oscillated will now be described in detail while referring
to Fig. 13. According to the arrangement of this invention,
since the length L2, from the guide rail curvature center
19 to the center of the motor spindle 17, is set equal to
the length L1, from the center of the point of the arm 16
secured to the motor spindle 17 to the center of the sec-
ond cylinder pulley 8, an isosceles triangle is formed by
the center of the second cylinder pulley 8, the center of
the motor spindle 17 and the guide rail curvature center
19, so that a relationship of two to one is constantly es-
tablished between a motor spindle rotational angle 21
and an element oscillating angle 22 in Fig. 13. Further-
more, since a ratio of one to two is employed for the
diameter of the first cylinder pulley 5 and the diameter of
the second cylinder pulley 8, and the first cylinder pulley
5 and the second cylinder pulley 8 are held by a wire or
a steel band belt, the second cylinder pulley 8 is rotated,
due to the inclination of the arm 16, by 1/2 a rotation at
the pulley shaft 20 in a direction opposite the rotation
direction for the motor spindle 17.
[0119] Therefore, when the motor spindle 17 is rotated,
the slider shaft 14 to which the ultrasonic element 2 is
fitted initiates oscillation by employing the guide rail cur-
vature center 19 as the oscillation center, while maintain-
ing a displacement that is 1/2 the motor spindle rotation
angle 21.
[0120] Furthermore, the roller 10 is provided for the
slider shaft 14 to which the ultrasonic element 2 is se-
cured, so that by means of the spring 11, the roller 10 is
constantly held against or brought into contact with the
guide rail 12. Thus, while being oscillated from side to
side, the ultrasonic element 2 slides relative to the slider

bearing 15, and performs a telescopic movement, i.e.,
the distance from the ultrasonic element 2 to the pulley
shaft 20 of the second cylinder pulley 8, to which the
slider bearing 15 is fixed, is increased or reduced.
[0121] As described above, the ultrasonic element 2
inclines at the guide rail curvature center 19, and also
oscillates, due to a telescopic movement, with a large
curvature at the guide rail curvature center 19, while a
constant distance is maintained from the guide rail cur-
vature center 19.
[0122] Further, according to the arrangement of this
mode, as the positional relationship wherein the force of
the spring is exerted, the roller 10 is drawn toward the
guide rail 12 by the spring 11, located between the slider
shaft 14 and the slider bearing 15, i.e., the roller 10 is
pressed, by the spring 11, against the side of the guide
rail 12 opposite the slider bearing side. However, the roll-
er 10 may be provided inside the guide rail 12 (the slider
bearing side), and the position of the spring 11 changed
to the opposite side, or a compression spring may be
exchanged for a tension spring to press against the roller
10. Further, the roller 10 has been made rotatable at the
roller shaft 13 in order to reduce sliding resistance. How-
ever, a Teflon (registered trademark) resin that has a low
sliding resistance may be employed as the material for
the guide rail 12 and the roller 10, and the roller 10 need
not always be rotatable at the roller shaft 13.
[0123] Moreover, as a method for maintaining the roller
10 contact with the guide rail 12, the guide rail may be
sandwiched by two or more rollers. As another arrange-
ment, two guide rails 12 may be provided to sandwich
the roller in between. In this case, two or more rollers,
impelled by springs, may be attached so they repel each
other, in order to remove the unsteadiness of the rollers
in the grooves of the guide rails. In this case, as for the
positional relationship between the center of oscillation,
i.e., the guide rail curvature center 19, and the window
3, the oscillation center may be located in front of, or to
the rear of, the window 3, in accordance with the diag-
nosis application.
[0124] Further, according to the arrangement de-
scribed for this mode, the ultrasonic element 2 is oscil-
lated constantly at one point at the center of the inclination
angle of the ultrasonic element 2, and the same distance
is maintained from the oscillation center to the ultrasonic
element 2. However, in a case wherein the center of the
oscillation angle need not be the same as the center of
the oscillation trajectory, it is not always a requirement
that the length from the guide rail curvature center 19 to
the center of the motor spindle 17 be equal to the length
from the center of the motor spindle 17 to the pulley shaft
20 (the center of the second cylinder pulley 8), and that
a ratio for the diameter of the first cylinder pulley 5 to the
diameter of the second cylinder pulley 8 be a ratio of one
to two.
[0125] In addition, the ultrasonic element 2 may be a
single element, and the ultrasonic probe may be a me-
chanical type that employs the above oscillating mech-
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anism to perform mechanical scanning. However, when
the ultrasonic element 2 is of an electronic scanning type,
or a mechanical scanning structure, to perform mechan-
ical scanning of this invention in a direction perpendicular
to the scanning direction, an ultrasonic probe that obtains
a three-dimensional ultrasonic image can be provided.
[0126] Furthermore, according to the structure illus-
trated in Fig. 11, the spring 11 is provided as an elastic
member between the slider 14 and the slider bearing 15
to press the roller 10 against the contact face of the guide
rail 12. In this manner, the roller 10 and the guide rail 12
are pulled together so they always contact each other,
and the same interval between the ultrasonic element 2
and the window 3 can be maintained. It should be noted
that an elastic member other than a spring can also be
employed.
[0127] <Tenth Mode> An ultrasonic probe according
to a tenth mode of the present invention is illustrated in
Fig. 14. The same reference numerals as used in the
ninth mode are also employed to describe the corre-
sponding arrangement. In the tenth mode, a point greatly
different from the ninth mode is that a guide rail 12a is
integrally formed with a probe casing 7. According to this
arrangement, since there is no undercut portion, in a case
wherein the probe casing 7 is to be formed using a mold,
the mold for the probe casing 7 can be raised toward the
window 3 after the probe casing 7 has been formed.
Therefore, the use of a slider mold is not required, the
expenditure for a mold is reduced, and the probe can be
manufactured at a low cost. In addition, since a roller 10
is constantly pressed toward the guide rail 12a by a spring
1, a constant distance between an ultrasonic element 2
and the window 3 can be maintained.
[0128] <Eleventh Mode> An ultrasonic probe accord-
ing to an eleventh mode of the present invention is illus-
trated in Fig. 15. The same reference numerals as used
in the above modes are employed to describe the corre-
sponding arrangement. According to the arrangement of
the ultrasonic probe of this mode, a guide rail 12 is ar-
ranged so sandwiched between two rollers 10, the spring
11 shown in Fig. 11 is eliminated to always keep the
rollers 10 in contact with the guide rail 12, and using these
two rollers, the distance between an ultrasonic element
2 and a window 3 is maintained along the guide rail 12.
Therefore, it is possible to avoid a phenomenon such
that, when the slider shaft 14, i.e., the distance from the
slider bearing 15 to the ultrasonic element 2, is extended
or retracted by the urging force of the spring 11, the force
exerted to press the roller 10 against the guide rail 12
will vary, depending on the oscillation position. Thus, it
is also possible to avoid a phenomenon wherein the me-
chanical load imposed on the motor 1 for oscillation is
changed, depending on the oscillation angle, and accord-
ingly, load change need not be considered when the mo-
tor 1 for oscillating the ultrasonic element 2 is controlled.
[0129] <Twelfth Mode> An ultrasonic probe according
to a twelfth mode of the present invention is illustrated in
Fig. 16. The same reference numerals as used in the

above modes are employed to describe the correspond-
ing arrangement. According to the arrangement of the
ultrasonic probe of this mode, a guide rail 12 is sand-
wiched between two rollers 10, and these two rollers 10,
are drawn by a spring 11a. Therefore, since the rollers
10, are drawn in toward each other by the force exerted
by the spring 11a, even when the width of the guide rail
12 sandwiched between the two rollers 10, 10a is slightly
un-uniform, a load that will be increased in a case where
there is a wide guide rail can be reduced, and also, the
wobbling that will occur in a case where there is a narrow
guide rail can be reduced. It should be noted that, when
the rigidity (flexibility) differs between the two roller
shafts, wobbling can be prevented by employing one of
the roller shafts as a reference, and the positioning ac-
curacy can also be increased.
[0130] <Thirteenth Mode> An ultrasonic probe accord-
ing to a thirteenth mode of the present invention is illus-
trated in Fig. 17. The same reference numerals as used
in the above modes are employed to describe the corre-
sponding arrangement. Unlike in the fourth mode, the
ultrasonic probe of this mode employs an arrangement
wherein two guide rails 12 are provided and a roller 10
is located between them, so that a slider shaft 14, i.e.,
an ultrasonic element 2 is extended or retracted. Since
a phenomenon can be avoided such that the force ex-
erted to press the roller 10 against the guide rails 12 is
changed depending on the oscillation position, it is pos-
sible to avoid a phenomenon such that a mechanical load
imposed on the motor 1 for oscillation is changed, de-
pending on the oscillation angle, and load fluctuation
need not be considered when the motor 1 is controlled
to perform oscillation. Further, in this mode, one roller is
employed for a mechanism section that performs a tele-
scopic movement, the mass of the mechanism section
for performing a telescopic movement can be reduced,
and vibrations caused by the telescopic movement can
be reduced during oscillation. In addition, in a case of
wherein the guide rails 12 are formed using machining,
grooves can be formed in one milling process, etc., per-
formed along the shapes of the guide rails, and the width
of the grooves can be more easily and accurately ob-
tained than are the projected rails.
[0131] <Fourteenth Mode> An ultrasonic probe ac-
cording to a fourteenth mode of the present invention is
illustrated in Fig. 18. The same reference numerals as
used in the above modes are employed to describe the
corresponding arrangement. The ultrasonic probe of this
mode is an improved proposal for the thirteenth mode; a
plurality of rollers 10 repel each other, using a spring 11,
between a plurality of guide rails 12, and are moved while
pressed against the sliding face of the guide rails. With
this arrangement, in addition to the characteristic of the
guide rail formation method in the thirteenth mode, un-
steadiness, caused by errors in the groove width of the
guide rails 12 and the roller 10 diameter, and load fluc-
tuation can be absorbed by the spring 11. Thus, the motor
1 can be stably and easily controlled when the load fluc-
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tuates during oscillation, and the acquisition of a targeted
oscillation velocity and a reduction in velocity fluctuation
can be provided using a comparatively easy control
method.
[0132] <Fifteenth Mode> Figs. 19A and 19B are a front
view and a side view of an ultrasonic probe according to
a fifteenth mode of the present invention. In Figs. 19A
and 19B, a motor spindle 23 is coupled to a motor 1 via
a speed reduction mechanism 31, and is to be rotated,
or oscillated, upon receiving a drive electric signal from
an external apparatus, such as an ultrasonic diagnostic
apparatus (not shown). A first arm 24, which is fixed at
one end to the motor spindle 23, is to be rotated or os-
cillated at the motor spindle 23 in accordance with the
rotation of the motor spindle 23. Further, a second shaft
28 is rotatably fitted to the longitudinal intermediate por-
tion of the first arm 24, so that the first arm 24 is connected
rotatably also to the second shaft 28. And a third arm 26
is rotatably fitted at the other end of the second shaft 28,
a first shaft 27 is rotatably fitted to the other end of the
second arm 26, and the other end of the first shaft 27 is
connected to the end of the second arm 25 to be rotatable.
The portion where the second arm 25 and the third arm
26 are rotatably fitted over the first shaft 27 is to be drawn
in by a spring 11a toward a probe casing 7. Furthermore,
an ultrasonic element 2, for performing conversions for
an electric signal and an ultrasonic signal, is fixed at the
tip of the other end of the second arm 25. The ultrasonic
element 2 is stored in an area enclosed by a window 3
and the probe casing 7, and this area is filled with an
acoustic coupling liquid 4 for transferring an ultrasonic
signal transmitted by the ultrasonic element 2.
[0133] A vertical, long groove portion 29 is formed be-
tween the end of the second arm 25 where the ultrasonic
element 2 is fixed and the end where the first shaft 27 is
secured, and the L-shaped distal end portion of the first
arm 24 is fitted on a groove engagement portion 30. The
groove portion 29 is a groove that has a width that is
substantially equal to the diameter of the L-shaped distal
end portion of the first arm 24, and that is vertically ex-
tended toward the end where the ultrasonic element is
secured and can be moved, parallel, toward the ultrason-
ic element 2. When the motor spindle 23 is rotated or
oscillated, the L-shaped first arm 24 secured to the motor
spindle 23 rotates the groove portion 29 of the second
arm 25, and accordingly, the ultrasonic element 2 initiates
rotation. At this time, a linking mechanism having two
rotatable ends is constituted by the third arm 26, together
with the first shaft 27 that is provided at the end of the
second arm 25, opposite the end where the ultrasonic
element is secured, and the second shaft 28 that is pro-
vided between the rotational center of the first arm 24
and the groove portion 29 of the second arm 25. Because
of this linking mechanism, when the motor spindle 23 is
rotated, the ultrasonic element secured end of the second
arm 25 is rotated with a rotation radius that is longer than
the actual distance relative to the actual motor spindle 23.
[0134] The state wherein the motor spindle 23 is rotat-

ed will now be described in detail while referring to Fig.
20. Assuming that the motor spindle 23 is defined as a
point D, when the motor spindle 23 is rotated, the first
arm 24 secured to the motor spindle 23 is rotated at the
point D. When the position of the distal end of the first
arm 24 is defined as a point A, the position of the second
shaft 28 located between the point A and the motor spin-
dle fixed point is defined as a point B, and the position
of the first shaft 27 is defined as a point C, the ultrasonic
element 2 is secured to the distal end of the second arm
25, the other end is fitted on the first shaft 27 so rotatable
with the third arm 26, and the point A, the point B and
the point C always form a triangle. In this arrangement,
the first shaft 27 (point C), which is the point where the
second arm 25 and the third arm 26 are connected, is to
be pulled by the spring 11a from a point F that is located,
along the perpendicular line of the motor spindle 23, at
a distance equivalent to the length of the first arm 24
extended from the motor spindle 23. In a case wherein
the first arm 24 is rotated at the motor spindle 23, the
triangular shapes formed by ABC and by ADF are main-
tained. Therefore, when the first arm 24 is rotated, the
point C, i.e., the first shaft 27 draws a circular trajectory,
and the distal end of the ultrasonic element 2 also draws
a circular trajectory using the point F as the center of the
circle. As is apparent from Fig. 20, since the trajectory of
the rotation of the ultrasonic element 2 employs the point
F as the center, this is equivalent to a case wherein an
arm whose rotational center is the point F is rotated. Ac-
cording to this arrangement, the virtual rotational center
can be located farther away than the motor spindle 23,
viewed from the ultrasonic element 2, and size reduction
is enabled, compared with a case wherein the actual ro-
tational center is located at a distance.
[0135] That is, when the first arm 24 secured to the
point D, which is the position of the motor spindle 23, is
rotated at the point D, the second arm 25 is oscillated
while the point A that is the distal end position of the first
arm 24 is moved parallel along the groove portion 29
formed in the second arm 25. The point C, which is the
position of the lower end of the third arm 26 in Fig. 20, is
set so that the lower end is rotatable with the lower end
of the second arm 25, while the point B, which is the
position of the upper end of the third arm 26 in Fig. 20,
is set so that the upper end is rotatable between the ends
of the first arm 24, and a triangle is formed using the
points A, B and C. In this arrangement, when the first
arm 24 is rotated, the distal end of the second arm 25
can be oscillated along a trajectory having a larger cur-
vature than when being oscillated at the point D, which
is the location of the motor spindle 23.
[0136] Further, when the distance from the point A to
the point B is equal to the distance from the point B to
the point C, and when the length from the point A to the
point D is equal to the length from the point D to the point
F, the triangle ABC and the triangle ADF are always sim-
ilar isosceles triangles. When the triangles ABC and ADF
are isosceles triangles, the rotation angle of the ultrasonic
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element 2 is always inclined 1/2 the rotation angle of the
first arm 24. Thus, the relationship two to one is consist-
ently established between the oscillating angle of the ul-
trasonic clement 2 and the rotational angle of the motor
1, and when a predetermined rotational angle for the mo-
tor is employed for oscillation, the rotational angle for the
ultrasonic element 2 can also be uniform, consistently,
by using the point F as the center.
[0137] Specifically, the point B, which is the position
of the second shaft 28 along the first arm 24, is secured
to provide the same length for line segments A-B and B-
C and the same length for line segments A-D and D-F,
and isosceles triangles ABC and ADF are formed. In this
arrangement, when the first arm 24 is rotated, the trian-
gles ABC and ADF are always isosceles triangles, and
the isosceles triangle ADF is similar to the triangle ABC.
With this arrangement, when the first arm 24 is rotated
at an angle θ, the distal end of the second arm 25 is
rotated at an angle of (1/2)θ at a virtual rotational center
point E. That is, the same oscillating angle as for the
oscillation at the point F, using a long arm, can be pro-
vided by using a short arm.
[0138] Furthermore, a point where the first arm 24 and
the third arm 26 are coupled, i.e., the center axis position
of the second shaft 28, which connects these arms, is
near the sliding point, in the middle between the point on
the first arm 24 where the motor spindle 23 is secured
and the sliding point on the second arm 25. Furthermore,
the isosceles triangle ABC is provided. With this arrange-
ment, oscillation equal to 1/2 the rotational angle of the
motor 1 is maintained, and during the oscillation, the trav-
el distance for the point C, which is the point at which the
second arm 25 and the third arm 26 are coupled, can be
decreased in the vertical direction in Fig. 20, and the area
wherein the point C descends can be reduced at the max-
imum oscillation angle. As a result, downsizing is ena-
bled.
[0139] That is, the point B, at which the first arm 24
and the third arm 26 are rotatably connected, is located
nearer the point A, from the position half the distance
between the point D, which is the point on the first arm
24 at which the motor spindle 23 is secured, and the point
A, which is the position at the distal end of the first arm
24. Thus, when the first arm 24 is oscillated, the distance
the point C projects downward from point D of the motor
spindle 23 can be reduced, and the size of the scanning
mechanism that oscillates the ultrasonic element 2 can
be reduced.
[0140] In other words, the length of the third arm 26,
from the coupling point for the first arm 24 to the coupling
point for the second arm 25, is equal to the length of the
first arm 24, from the coupling point for the third arm 26
to the coupling point for the second arm 25. Further, the
spring 11a is located at an intersection point between the
motor-shaft perpendicular line, with the trajectory of the
distal end of the first arm 24 on the side opposite the end
where the ultrasonic element 2 is secured, and the end
portion at which the second arm 25 and the third arm 26

are connected using the first shaft 27. And the triangle
formed using the individual coupling points is an isosce-
les triangle. With this arrangement, the scanning mech-
anism that oscillates the ultrasonic element 2 can more
compactly be constructed.
[0141] In addition, since the speed reduction mecha-
nism 31 is provided for the motor spindle 23, it is natural
that a torque consonant with the load imposed on the
oscillation mechanism can be provided by a small motor.
Furthermore, the oscillation angle of the ultrasonic ele-
ment 2 can be controlled and limited to small pitches. In
a case wherein the ultrasonic element 2 is to be oscillated
at an oscillation angle of �30 degrees, this corresponds
to a shaft rotational angle of �60 degrees, in accordance
with the isosceles triangle ABC. In addition, since the
speed reduction mechanism 31 having a ratio of one to
six is located in the middle of the rotational centers of the
motor spindle 23 and the first arm 24, the oscillation angle
of �30 degrees for the ultrasonic element 2 can be
changed to the motor rotational angle of �360 degrees,
and deterioration of the service life due to deviated abra-
sion of the commutator of a brush motor can be sup-
pressed. Moreover, in a case wherein a pulse motor is
employed, since the step angle of a pulse motor affects
the fine positioning accuracy required for the oscillating
angle of the ultrasonic element 2, a pulse motor controlled
by an expensive control circuit, such as a micro-step driv-
ing circuit, is required. However, when the above de-
scribed linking mechanism and the speed reduction
mechanism 31 are employed together, fine oscillating
angle control can be provided by using an inexpensive
pulse motor having a wide step angle, a control circuit,
and a comparatively small and inexpensive speed reduc-
tion mechanism.
[0142] That is, instead of directly connecting the rota-
tional center point D of the first arm 24 to the motor spindle
23, a shaft for which the speed is reduced by a speed
reduction mechanism 31, such as a gear box or a timing
pulley, is connected to the motor spindle 23. With this
arrangement, the rotation of the motor is controlled at a
rotation angle that is much larger than the oscillating an-
gle of the ultrasonic element 2. And in a case wherein
the oscillation is controlled using a pulse motor having a
large pitch, or using a DC motor and an encoder, the
position of the element portion can be controlled more
precisely using, for example, an encoder having a large
pitch.
[0143] In addition, the ultrasonic element 2 may be a
single element, and the ultrasonic probe may be a me-
chanical type that employs the above oscillating mech-
anism to perform mechanical scanning. However, when
the ultrasonic element 2 of an electronic scanning type
is arranged to perform electronic scanning in a direction
perpendicular to the mechanical oscillation direction, an
ultrasonic probe can be provided that performs electronic
scanning and mechanical scanning and obtains a three-
dimensional ultrasonic image.
[0144] That is, the ultrasonic element 2 is an electronic
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scanning element, and when electronic scanning is per-
formed in a direction perpendicular to the direction of the
scanning performed using mechanical oscillation, the ul-
trasonic probe is provided that enables three-dimension-
al scanning by performing both electronic scanning and
mechanical scanning.
[0145] <Sixteenth Mode> Figs. 21A and 21B are a front
view of an ultrasonic probe, according to a sixteenth
mode of the preset invention, from which a probe casing
has been removed, and a cross-sectional side view that
includes the probe casing. In Figs. 21A and 21B, a motor
spindle 23 is passed through a probe casing 7 and is
connected to a motor 1 via a speed reduction mechanism
31, and upon receiving an electric drive signal from the
outside unit, such as the main body of an ultrasonic di-
agnostic apparatus (not shown), the motor spindle 23 is
rotated or oscillated, within an arbitrarily designated
range, in an acoustic coupling liquid 4 sealed in the probe
casing 7 by an oil seal (not shown) and a window 3.
[0146] When the motor spindle 23 is rotated or oscil-
lated, a first arm 24, the base end of which is secured to
the motor spindle 23, is rotated or oscillated at the motor
spindle 23. Further, a second shaft 28 is rotatably fitted
to the longitudinal, intermediate portion of the first arm
24, and one end of a third arm 26 is rotatably connected
to the second shaft 28. A first shaft 27 is rotatably fitted
on the other end of the third arm 26, and the longitudinal
intermediate portion of the second arm 25 is rotatably
connected to the first shaft 27. The portion where the
second arm 25 and the third arm 26 are rotatably coupled
by the first shaft 27 is drawn, by a spring 11a, toward the
end of the second arm 25, where an ultrasonic element
is secured. An ultrasonic element 2 for performing con-
versions for an electric signal and an ultrasonic signal is
secured to the distal end of the second arm 25, along a
line extended from the first shaft 27, i.e., on the window
3 side.
[0147] The first arm 24, the second arm 25 and the
third arm 26 are connected rotatably using the first shaft
27 and the second shaft 28, and so long as one end of
a shaft is fixed to one of these arms and the other end is
rotatable, the above described arrangement need not al-
ways be employed. A vertical, long groove portion 29 is
formed at the end of the second arm 25, opposite the
ultrasonic element fixed end of the portion where the first
shaft 27 is fixed, and an L-shaped groove engagement
portion 30, at the distal end of the first arm 24, is fitted in
the groove portion 29. The groove engagement portion
30 of the first arm 24 need not be a L-shaped portion that
is integrally formed with the arm, and a separate shaft
may be fixed to the arm to be provided as the groove
engagement portion 30. The groove portion 29 is a ver-
tical, long groove extended in the longitudinal direction
of the second arm 25, that has substantially the same
width as the diameter of the L-shaped distal end of the
first arm 24, and that can be moved in parallel. Further-
more, as little wobbling as possible in the widthwise di-
rection is preferable in order to increase the response

and the positional accuracy of the ultrasonic element.
[0148] When the motor shaft 23 is rotated, the first L-
shaped arm 24, whose base end is fixed to the motor
shaft 23, initiates rotation of the groove portion 29 of the
second arm 25, and thus, the ultrasonic element 2 begins
to rotate. At this time of rotation, the ultrasonic element
2, fixed to the second arm 25 on the window 3 side, em-
ploys the window vicinity as the virtual oscillation center.
For the groove engagement portion, a bearing or a low
friction-resistant resin material may be provided to re-
duce a sliding friction resistance. Further, here, the ar-
rangement wherein the groove engagement portion 30
is fitted into the groove portion 29 formed in the second
arm 25 is employed as an example; however, the second
arm 25 may be sandwiched by two or more bearings.
[0149] The state wherein the motor shaft 23 is rotated
will now be described in detail while referring to Fig. 22.
Fig. 22 is a schematic diagram illustrating shorter arms
nearer the front, in order for the positional relationship of
the arms to be understood. Assuming that the motor shaft
23 is at a point D, when the motor shaft 23 is rotated, the
first arm 24 secured to the motor shaft 23 is rotated at
the point D. Assuming that the position of the distal end
of the first arm 24 is a point A, the position of the second
shaft 28, between the point A and the motor shaft fixed
point, is a point B, and the point where the first shaft 27
is secured is a point C, the ultrasonic element 2 is fixed
to the window 3 end of the second arm 25, and the third
arm 26 is secured, by the first shaft 27, between the ul-
trasonic-element secured end of the second arm 25 and
the point A. And, at a position other than the position
where the individual arms linearly overlap, a triangle is
always formed by the points A, B and C.
[0150] At this time, the arrangement in Fig. 22 is em-
ployed, wherein the first shaft 27 (point C), which is the
coupling point for the second arm 25 and the third arm
26, is drawn toward the point F, by the spring 11a, at a
distance equivalent to the length of the first arm 24, which
is extended downward, from the motor shaft 23, along a
perpendicular line (a line that matches the vertical direc-
tion in Fig. 22) that is perpendicular to the direction toward
the motor shaft 23. In a case wherein the first arm 24 is
rotated at the motor shaft 23, the points A, B and C and
the points A, D and F still form triangles. Therefore, when
the first arm 24 is rotated, the distal end of the ultrasonic
element 2 draws the oscillation trajectory at the point F
drawn by the spring 11a. As is apparent from Fig. 22,
since the trajectory of the rotation of the ultrasonic ele-
ment 2 is drawn at point F, the area in the vicinity of the
window can be employed for oscillation, while the virtual
rotational center is arranged farther away than the actual
rotation center of the motor.
[0151] That is, when the first arm 24 secured to the
point D, which is the position of the motor spindle 23, is
rotated at the point D, the second arm 25 is oscillated
while the point A that is the distal end position of the first
arm 24 is moved parallel along the groove portion 29
formed in the second arm 25. The point C, which is the

33 34 



EP 2 050 397 A1

19

5

10

15

20

25

30

35

40

45

50

55

position of the lower end of the third arm 26 in Fig. 22, is
set so that the lower end is rotatable with the lower end
of the second arm 25, while the point B, which is the
position of the upper end of the third arm 26 in Fig. 22,
is set so that the upper end is rotatable between the ends
of the first arm 24, and a triangle is formed using the
points A, B and C. In this arrangement, when the first
arm 24 is rotated, the distal end of the second arm 25
can be oscillated along a trajectory at the point F that is
located near the window.
[0152] Further, when the distance from the point A to
the point B is equal to the distance from the point B to
the point C, and when the length from the point A to the
point D is equal to the length from the point D to the point
F, the triangle ABC and the triangle ADF are always sim-
ilar isosceles triangles. When the triangles ABC and ADF
are isosceles triangles, the rotation angle of the ultrasonic
element 2 is always inclined 1/2 the rotation angle of the
first arm 24. Thus, the relationship two to one is consist-
ently established between the oscillating angle of the ul-
trasonic clement 2 and the rotational angle of the motor
1, and when a predetermined rotational angle for the mo-
tor for the unit hour is employed for oscillation, the rota-
tional angle for the ultrasonic element 2 can also be con-
sistently uniform, during the unit hour, by using the point
F as the center.
[0153] Specifically, the point B, which is the position
of the second shaft 28 along the first arm 24, is secured
to provide the same length for line segments A-B and B-
C and the same length for line segments A-D and D-F,
and isosceles triangles ABC and ADF are formed. In this
arrangement, when the first arm 24 is rotated, the trian-
gles ABC and ADF are always isosceles triangles, and
the isosceles triangle ADF is similar to the triangle ABC.
With this arrangement, when the first arm 24 is rotated
at an angle θ, the distal end of the second arm 25 is
rotated at an angle of (1/2)θ at a virtual rotational center
point E. That is, oscillation can be performed at the vicinity
of the window, while 1/2 of the motor rotation angle is
consistently maintained.
[0154] An arrangement can be provided such that the
ultrasonic element 2, fixed to the second arm 25, is os-
cillated in the window 3 of the ultrasonic probe, and that
the oscillation center of the ultrasonic element 2 is located
near the window 3.
[0155] That is, the point B, at which the first arm 24
and the third arm 26 are rotatably connected, is located
nearer the point A, from the position half the distance
between the point D, which is the point on the first arm
24 at which the motor spindle 23 is secured, and the point
A, which is the position at the distal end of the first arm
24. Thus, when the first arm 24 is oscillated, the distance
the point C projects downward from point D of the motor
spindle 23 can be reduced, and the size of the scanning
mechanism that oscillates the ultrasonic element 2 can
be reduced. And a scanning mechanism that oscillates
the ultrasonic element 2 can be made more compactly,
and the oscillating mechanism can be located inside the

window of the ultrasonic probe to perform scanning at a
large oscillation angle.
[0156] In other words, the length of the third arm 26,
from the coupling point for the first arm 24 to the coupling
point for the second arm 25, is equal to the length of the
first arm 24, from the coupling point for the third arm 26
to the coupling point for the second arm 25. Further, the
spring 11a is located at an intersection point between the
motor-shaft perpendicular line, with the trajectory of the
distal end of the first arm 24 on the side opposite the end
where the ultrasonic element 2 is secured, and the end
portion at which the second arm 25 and the third arm 26
are connected using the first shaft 27. And the triangle
formed using the individual coupling points is an isosce-
les triangle. With this arrangement, the scanning mech-
anism that oscillates the ultrasonic element 2 can more
compactly be constructed. At the same time, the oscilla-
tion scanning can be performed, while the relationship
of two to one is maintained for the rotational angle of the
motor and the oscillation angle of the ultrasonic element.
[0157] In addition, since the speed reduction mecha-
nism 31 is employed for the motor spindle 23 to fix to the
first arm 24 the output shaft of the speed reduction mech-
anism 31, it is natural that a torque consonant with the
load imposed on the oscillation mechanism can be pro-
vided by a small motor. Furthermore, the oscillation angle
of the ultrasonic element 2 can be controlled and limited
to small pitches. In a case wherein the ultrasonic element
2 is to be oscillated at an oscillation angle of �30 degrees,
this corresponds to a shaft rotational angle of �60 de-
grees, in accordance with the isosceles triangle ABC. In
addition, since the speed reduction mechanism 31 hav-
ing a ratio of one to six is located in the middle of the
rotational centers of the motor spindle 23 and the first
arm 24, the oscillation angle of �30 degrees for the ul-
trasonic element 2 can be changed to the motor rotational
angle of �360 degrees, and deterioration of the service
life due to deviated abrasion of the commutator of a brush
motor can be suppressed. Moreover, in a case wherein
a pulse motor is employed, since the step angle of a pulse
motor affects the fine positioning accuracy required for
the oscillating angle of the ultrasonic element 2, a pulse
motor controlled by an expensive control circuit, such as
a micro-step driving circuit, is required. However, when
the above described linking mechanism and the speed
reduction mechanism 31 are employed together, fine os-
cillating angle control can be provided by using an inex-
pensive pulse motor having a wide step angle, a control
circuit, and a comparatively small and inexpensive speed
reduction mechanism. Furthermore, since the speed re-
duction mechanism 31 is provided, the portion where the
motor is projected from the oscillation mechanism toward
the window 3 can be reduced in size, and the size of the
body contact portion of the ultrasonic probe, as well as
the size of the ultrasonic probe itself, can be reduced.
[0158] That is, instead of directly connecting the rota-
tional center point D of the first arm 24 to the motor spindle
23, a shaft for which the speed is reduced by a speed
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reduction mechanism 31, such as a gear box or a timing
pulley, is connected to the motor spindle 23. With this
arrangement, the rotation of the motor is controlled at a
rotation angle that is much larger than the oscillating an-
gle of the ultrasonic element 2. And in a case wherein
the oscillation is controlled using a pulse motor having a
large pitch, or using a DC motor and an encoder, the
position of the element portion can be controlled more
precisely using, for example, an encoder having a large
pitch.
[0159] In addition, the ultrasonic element 2 may be a
single element, and the ultrasonic probe may be a me-
chanical type that employs the speed reduction mecha-
nism 31 to perform mechanical scanning. However, when
the ultrasonic element 2 is arranged as a mechanical
scanning ultrasonic probe that includes an independent
mechanism for mechanically rotating or oscillating, or as
an ultrasonic element of an electronic scanning type that
performs mechanical or electronic scanning in a direction
perpendicular to the mechanical oscillation direction, an
ultrasonic probe that can obtain a three-dimensional ul-
trasonic image can be provided.
[0160] That is, the ultrasonic element 2 is an electronic
scanning element, and when electronic scanning is per-
formed in a direction perpendicular to the direction of the
scanning performed using mechanical oscillation, the ul-
trasonic probe is provided that enables three-dimension-
al scanning by performing both electronic scanning and
mechanical scanning.
[0161] As described above, according to the present
invention, a triangular linking mechanism is constituted
by: the first arm 24, which is secured, so rotatable, at the
motor shaft 23; the second arm 25, to which the L-shaped
distal end of the first arm 24, opposite the secured motor-
shaft end, is fitted so as to be shifted in parallel in the
longitudinal direction; and the third arm 26, which is at-
tached, so rotatable, to both the first shaft 27, which is
secured between the portion of the second arm 25 where
the first arm 24 is fitted and the window 3 side end where
the ultrasonic element 2 is secured, and the second shaft
28, which is secured between the secured motor end of
the first arm 24 and the L-shaped engagement portion.
The portion where the second arm 25 and the third arm
26 are rotatably connected by the first shaft 27 is drawn,
by the spring 11a, toward the end of the second arm 25,
to which ultrasonic element 2 is secured. According to
this simple arrangement, when the motor 1 is rotated, for
scanning, the ultrasonic element 2 can be mechanically
oscillated along the trajectory that is drawn in the vicinity
of the window 3 that contacts an organism. When the
center point of the sector radiation of the ultrasonic ele-
ment 2 is set near the window, obstacles along the ultra-
sonic transmission/reception path can be avoided for
scanning. Therefore, a small, light and inexpensive ul-
trasonic probe can be provided that is appropriate for
sector scanning via a narrow organ contacting area, such
as a gap between the ribs or the anterior fontanelle, or
for scanning the heart, etc., from the lower edge of the

costal arch, i.e., from below the ribs.
[0162] In addition, the length of the third arm 26, from
the center of the first shaft 27 to the center of the second
shaft 28, is set equal to the length from the second shaft
28 to the coupling point of the first arm 24 and the second
arm 25, and an isosceles triangle is formed by the indi-
vidual coupling points for the first arm 24 and the second
arm 25. Furthermore, the distance between the motor
shaft fixed end 2 of the first arm 24 and the second arm
25 is set so equal to the distance between the motor shaft
23 and the point F, where the spring 11a is secured to
the lower portion in the drawing, along the perpendicular
motor shaft line. In this manner, an isosceles triangle is
formed by the individual points, and with this arrange-
ment, the relationship of two to one is always established
between the rotation angle of the motor and the oscillation
angle of the ultrasonic element, and the angular rotational
speed of the motor is a constant. Thus, the ultrasonic
beam can be transmitted and received at the same in-
tervals along the time axis, and the density of the acoustic
scanning lines can be maintained.
[0163] Furthermore, the coupling point for the first arm
24 and the third arm 26 is located nearer the distal end
from the rotation center of the first arm 24, i.e., from the
middle of the motor shaft secured point and the distal
end of the first arm 24. As a result, the linking mechanism
can be downsized, and the reduction in the size and the
weight that is requested for the hand-held ultrasonic
probe can be provided.
[0164] Furthermore, the speed reduction mechanism
31, such as a speed reduction gear, a timing belt or a
steel band belt, is mounted on the motor shaft 23, the
rotational center of the first arm 24, for oscillation, is se-
cured to the rotary shaft, the speed of which is reduced,
and the motor 1 is arranged separate from the window
3. Thus, oscillation can be enabled using a small, light
motor, and at the same time, a small body surface con-
tacting portion, i.e., the window portion, can be employed.
As a result, an ultrasonic probe can be obtained that is
appropriate for scanning via a narrow organism contact-
ing area.
[0165] Moreover, when the ultrasonic element 2 is a
single element that, to perform mechanical scanning, is
mechanically rotated or oscillated independently, or
when the ultrasonic element 2 is an ultrasonic element
of an electronic scanning type, the linking mechanism of
this invention can be employed for scanning in a direction
perpendicular to the electronic scanning. Thus, a three-
dimensional ultrasonic probe can be provided that trans-
mits or receives an ultrasonic beam via a narrow area.

INDUSTRIAL APPLICABILITY

[0166] The present invention provides the effects re-
quired of a mechanism that can acquire an ultrasonic
tomogram by mechanically oscillating an ultrasonic ele-
ment and that has a large curvature radius that makes it
easy for the organism contact portion of a probe to closely
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contact an organism along the shape of the contact por-
tion. Further, in order to improve the usability of a hand-
held ultrasonic probe, the present invention can provide
a compact ultrasonic probe that can be applied either for
a mechanical ultrasonic probe or for a three-dimensional
ultrasonic probe.
[0167] Furthermore, the present invention can be em-
ployed for a probe that mechanically oscillates an ultra-
sonic element to obtain an ultrasonic tomogram, and that
can perform sector scanning, such as scanning between
bones such as the ribs or the anterior fontanelle, to per-
form a diagnosis for an organism, e.g., a mechanical
scanning ultrasonic probe, or a three-dimensional ultra-
sonic probe that emits an ultrasonic beam via a narrow
area in the vicinity of an organism contacting portion.

Claims

1. An ultrasonic probe characterized by comprising,
in an area that is defined by a window of the ultrasonic
probe and a casing thereof, and in which an acoustic
coupling fluid is enclosed,
a motor, secured outside the probe casing;
a first cylinder pulley, which is secured inside the
probe casing, and through which a motor spindle of
the motor passes;
an arm secured to the motor spindle that passes
through and projects from the first cylinder pulley;
a second cylinder pulley, provided so rotatable at a
pulley shaft that is secured to an end of the arm op-
posite a motor-spindle-secured end;
a slider bearing, secured to the second cylinder pul-
ley;
a slider shaft, which is attached, by the slider bearing,
so slidable and with which an ultrasonic element is
secured, via the slider bearing, to a side opposite
the motor spindle;
a guide rail in an arced shape, secured inside the
probe casing, with a curvature center lying along an
extension from the ultrasonic element to the motor
spindle; and
a roller, connected to the slider shaft to move while
contacting the guide rail.

2. The ultrasonic probe according to claim 1, charac-
terized in that an elastic member is located between
the slider shaft and the slider bearing, so that the
roller will be pressed against a contacting face of the
guide rail.

3. The ultrasonic probe according to claim 1, charac-
terized in that a spring is arranged between the slid-
er shaft and the slider bearing, so that the roller will
be pressed against a slider-bearing-side face of the
guide rail.

4. The ultrasonic probe according to claim 1, charac-

terized in that a plurality of rollers are arranged in
contact with the slider-bearing-side face of the guide
rail and a face thereof opposite the slider-bearing-
side face, respectively, so as to sandwich the guide
rail.

5. The ultrasonic probe according to claim 4, charac-
terized in that the plurality of rollers arranged to
sandwich the guide rail include:

a roller rotatably attached to the slider shaft; and
a roller provided so that the roller and the roller
attached to the slider shaft are to be drawn near
each other by a spring.

6. The ultrasonic probe according to claim 1, charac-
terized in that:

the guide rail is prepared at a plurality of loca-
tions, so that the roller is sandwiched between
the guide rails.

7. The ultrasonic probe according to claim 6, charac-
terized in that a plurality of the rollers are mounted
and sandwiched between the guide rails, so that the
rollers, impelled by springs, repel each other.

8. The ultrasonic probe according to any one of claims
1 to 7, characterized in that:

a ratio of one to two is employed as a ratio of a
diameter of the first cylinder pulley to a diameter
of the second cylinder pulley; and
a length of the guide rail from the center of the
curvature to the motor spindle is set equal to a
length of the arm extended from the motor spin-
dle to the second cylinder pulley.

9. The ultrasonic probe according to any one of claims
1 to 8, characterized in that a length of the arm
extending from the motor-spindle-secured end to the
other end, where the pulley shaft is secured, is set
equal to or greater than a length extending from the
pulley shaft to the roller shaft.

10. The ultrasonic probe according to any one of claims
1 to 9, characterized in that:

the ultrasonic element that is secured to the slid-
er shaft is an electronic-scanning, array-type ul-
trasonic element; and
when mechanical scanning is performed in a di-
rection perpendicular to an electronic scanning
direction of the array-type ultrasonic element,
scanning of two cross sections perpendicular to
each other is enabled by using both the elec-
tronic scanning and the mechanical scanning.
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11. An ultrasonic probe characterized by comprising,
in an area which is defined by a window of the ultra-
sonic probe and an outer case thereof, and wherein
an acoustic coupling fluid is enclosed,
a first pulley, which is secured inside a probe casing,
outside of which a motor is secured and through
which a motor spindle of the motor is passed;
an arm, secured to the motor spindle that is passed
through and projected from the first pulley;
a second pulley, provided so rotatable at a pulley
shaft that is secured to an end of the arm opposite
a motor-spindle secured end;
a connecting member, for connecting the first pulley
to the second pulley;
a slider bearing, secured to the second pulley;
a slider shaft, which is mounted, by the slider bearing,
so slidable, and to one end of which an ultrasonic
element is secured;
a roller shaft, provided for the other end of the slider
shaft;
a guide rail in an arced shape, which is secured in-
side the probe casing, and for which a curvature cent-
er is present on a line extended from a roller-shaft-
secured end of the slider shaft in a direction toward
the ultrasonic element; and
a roller moving, via the roller shaft connected to the
slider shaft, while contacting the guide rail.

12. The ultrasonic probe according to claim 1, charac-
terized in that an elastic member is located between
the slider shaft and the slider bearing, so that the
roller will be pressed against a contacting face of the
guide rail.

13. The ultrasonic probe according to claim 2, charac-
terized in that a spring that is the elastic member
is arranged between the slider shaft and the slider
bearing, so that the roller will contact a slider-bear-
ing-side face of the guide rail.

14. The ultrasonic probe according to claim 2, charac-
terized in that the spring, which is the elastic mem-
ber, is located between the slider shaft and the slider
bearing, so that the spring brings the roller into con-
tact the guide rail on a side opposite the slider bear-
ing.

15. The ultrasonic probe according to claim 1, charac-
terized in that a plurality of rollers are arranged in
contact with the slider-bearing-side face of the guide
rail and a face thereof opposite the slider-bearing-
side face, respectively, so as to sandwich the guide
rail.

16. The ultrasonic probe according to claim 5, charac-
terized in that the plurality of rollers arranged to
sandwich the guide rail include:

a roller rotatably attached to the slider shaft; and
a roller provided so that the roller and the roller
attached to the slider shaft are to be drawn near
each other by a spring.

17. The ultrasonic probe according to claim 1, charac-
terized in that:

the guide rail is prepared at a plurality of loca-
tions, so that the roller is sandwiched between
the guide rails.

18. The ultrasonic probe according to claim 7, charac-
terized in that a plurality of the rollers are mounted
and sandwiched between the guide rails, so that the
rollers, impelled by springs, repel each other.

19. The ultrasonic probe according to any one of claims
1 to 8, characterized in that:

a ratio of one to two is employed as a ratio of a
diameter of the first pulley to a diameter of the
second pulley; and
a length of the guide rail from the center of the
curvature to the motor spindle is set equal to a
length of the arm extended from the motor spin-
dle to the second pulley.

20. The ultrasonic probe according to any one of claims
1 to 9, characterized in that a length of the arm
extending from the motor-spindle-secured end to the
end, where the pulley shaft is secured, is set equal
to or greater than a length extending from the pulley
shaft to the roller shaft.

21. The ultrasonic probe according to any one of claims
1 to 10, characterized in that:

the ultrasonic element that is secured to the slid-
er shaft is an electronic-scanning, array-type ul-
trasonic element; and
when mechanical scanning is performed in a di-
rection perpendicular to an electronic scanning
direction of the array-type ultrasonic element,
scanning of two cross sections perpendicular to
each other is enabled by using both the elec-
tronic scanning and the mechanical scanning.

22. An ultrasonic probe comprising:

a motor;
a first arm, fitted to a rotary shaft of the motor
so rotatable in accordance with a rotation of the
rotary shaft;
a second arm, to the distal end of which an ul-
trasonic element is attached;
a grooved portion formed in the second arm, for
storing a distal end of the first arm, so that the
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distal end of the first arm is shifted parallel to the
second arm;
a third arm, constituting a linking mechanism
having two rotatable ends, one end of which is
rotatably attached to the second arm by a first
shaft that is mounted on an end of the second
arm, opposite the end to which the ultrasonic
element is secured, and the other end of which
is rotatably attached to the first arm by a second
shaft, located at an arbitrary position between a
rotational center of the first arm and the grooved
portion of the second arm; and
a spring, for drawing an end portion, where the
second arm and the third arm are connected,
along a motor-spindle, perpendicular line, to-
ward a side opposite the end of the second arm
where the ultrasonic element is secured,

wherein the second arm, to which the ultrasonic el-
ement is attached, is oscillated in accordance with
the rotation of the rotary shaft of the motor.

23. The ultrasonic probe according to claim 1, charac-
terized in that:

a length from a coupling point of the third arm
that joins the first arm to a coupling point that
joins the second arm is set equal to a length from
a coupling point of the first arm that joins the
third arm to a coupling point that joins the second
arm;
the spring is arranged between an intersection
point of the motor-spindle, perpendicular line
with a trajectory of the distal end of the first arm,
on a side opposite the end where the ultrasonic
element is secured, and an end portion at which
the second arm and the third arm are connected
using the first shaft; and
the triangle formed using the individual coupling
points is an isosceles triangle.

24. The ultrasonic probe according to claim 1 or 2, char-
acterized in that the second shaft, which connects
the first arm to the third arm, is located near the distal
end side of the first arm from an intermediate point
at a distance from the rotational center of the first
arm to the distal end thereof.

25. The ultrasonic probe according to any one of claims
1 to 3, characterized in that:

a speed reduction mechanism is provided for
the rotary shaft of the motor; and
the first arm is oscillated while the rotational
center of the first arm is secured to the rotary
shaft, the speed of which is reduced by the
speed reduction mechanism.

26. The ultrasonic probe according to any one of claims
1 to 4, characterized in that the ultrasonic element
is an electronic scanning type element, and is to be
mechanically oscillated in an electronic scanning di-
rection and in a direction perpendicular to the elec-
tronic scanning direction.

27. An ultrasonic probe comprising:

a motor;
a first arm, fitted to a rotary shaft of the motor
so rotatable in accordance with a rotation of the
rotary shaft;
a second arm, to the window side distal end of
which an ultrasonic element is attached;
a grooved portion formed in the second arm, for
storing a distal end of the first arm, so that the
distal end of the first arm is shifted parallel to the
second arm;
a third arm, constituting a linking mechanism
having two rotatable ends, one end of which is
rotatably attached to the second arm by a first
shaft that is provided between a secured end,
of the ultrasonic element that is mounted on the
second arm, and the grooved portion, and the
other end of which is rotatably attached to the
first arm by a second shaft that is located at an
arbitrary position between a rotational center of
the first arm and the grooved portion of the sec-
ond arm; and
a spring, for drawing an end portion, where the
second arm and the third arm are connected,
along a motor-spindle, perpendicular line, to-
ward the end of the second arm where the ul-
trasonic element is secured,

wherein the second arm, to which the ultrasonic el-
ement is attached, is oscillated in accordance with
the rotation of the rotary shaft of the motor.

28. The ultrasonic probe according to claim 1, charac-
terized in that:

a length from a coupling point of the third arm
that joins the first arm to a coupling point that
joins the second arm is set equal to a length from
a coupling point of the first arm that joins the
third arm to a coupling point that joins the second
arm;
the spring is arranged between an intersection
point of the motor-spindle, perpendicular line
with a trajectory of the distal end of the first arm,
on the side of the end where the ultrasonic ele-
ment is secured, and an end portion at which
the second arm and the third arm are connected
using the first shaft; and
the triangle formed using the individual coupling
points is an isosceles triangle.
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29. The ultrasonic probe according to claim 1 or 2, char-
acterized in that the second shaft, which connects
the first arm to the third arm, is located near the distal
end side of the first arm from an intermediate point
at a distance from the rotational center of the first
arm to the distal end thereof.

30. The ultrasonic probe according to any one of claims
1 to 3, characterized in that:

a speed reduction mechanism is provided for
the rotary shaft of the motor; and
the rotational center of the first arm is secured
to the rotary shaft, the speed of which is reduced
by the speed reduction mechanism, and the mo-
tor is arranged separate from the window of the
ultrasonic probe to perform oscillation.

31. The ultrasonic probe according to any one of claims
1 to 4, characterized in that:

the ultrasonic element is an electronic scanning
type element, and is to be mechanically oscillat-
ed in an electronic scanning direction and in a
direction perpendicular to the electronic scan-
ning direction.

32. The ultrasonic probe according to any one of claims
1 to 4, characterized in that:

the ultrasonic element is a single element, which
is to be independently rotated or oscillated to
perform mechanical scanning, and is to be me-
chanically oscillated in a direction perpendicular
to a direction for the mechanical scanning.
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摘要(译)
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轴配有与导轨接触的滚轮10。如图12所示，探头壳体和超声波元件2连接
在滑动轴的远端，以提供滑动轴的伸缩结构。以这种方式，减小了用于
使超声波元件沿大曲率振荡的扫描机构的尺寸。
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