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FIG. 2A
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1
ULTRASONIC PROBE

BACKGROUND OF THE INVENTION

The present invention relates to an ultrasonic probe in
which a group of piezoelectric elements that is a source of
ultrasonic waves oscillates in the short-axis direction to
obtain a three-dimensional image (hereinafter called a “short-
axis oscillating probe”) and, in particular, to a short-axis
oscillating probe of a simple configuration in which the
operational noise of the probe while operating is minimized
to remove that source of discomfort to the patient.

1. Field of the Invention

A short-axis oscillating probe that is known in the art
obtains a three-dimensional image by electronically scanning
a group of piezoelectric elements in the long-axis direction of
the probe and also by mechanically scanning (oscillating) the
group of piezoelectric elements in the short-axis direction
thereof (see Japanese Patent [aid-Open Publication 2006-
346125 (prior-art example 1), Japanese Patent Publication
No. TOKKO-HEI 7-38851 (prior-art example 2), and Japa-
nese Patent Laid-Open Publication No. 2003-175033 (prior-
artexample 3)). Since components such as wiring (connective
wires) and scan circuitry of this type of short-axis oscillating
probe can be configured simply, in comparison with a matrix
type of probe in which piezoelectric elements are arrayed
horizontally and vertically to provide a two-dimensional elec-
tronic scan, this probe can be implemented easily.

2. Description of Related Art

A prior-art example of a short-axis oscillating probe is
shown in FIG. 2, where FIG. 2A is a section taken along the
long-axis direction thereof and FIG. 2B is a section taken
along the short-axis direction thereof.

The short-axis oscillating probe of this prior-art example is
provided with a group of piezoelectric elements 1 and a
rotational mechanism 2, as shown in FIG. 2A. The group of
piezoelectric elements 1 is arrayed on a backing member (not
shown in the figure), with the widthwise direction of a plu-
rality of card-shaped piezoelectric elements 1a aligned in the
long-axis direction and also the lengthwise direction thereof
aligned in the short-axis direction. The backing member is
affixed to the top of a base 4, which is formed in a convex
dome shape in the long-axis direction, with the configuration
being such that the group of piezoelectric elements 1 is curved
outward in the long-axis direction.

A flexible substrate 5 that has been connected electrically
to the group of piezoelectric elements 1 over the entire region
of the probe in the long-axis direction thereof is lead out
downward from one end side of the probe in the short-axis
direction. In this case, a conductive path 5a of the flexible
substrate 5 is connected electrically to a drive electrode of
each piezoelectric element 1a. The two could be connected
directly, as shown in FIG. 2, or the drive electrode of each
piezoelectric element 1a could be connected indirectly to the
conductive path 5a by means such as silver foil and conduc-
tive wiring.

The rotational mechanism 2 shown in FIG. 2 comprises a
retaining plate 6, a case 7, a first bevel gear 8a, a second bevel
gear 8b, arotational shaft 9, and a drive motor 10 that has been
attached to a framing member 7. The retaining plate 6 has leg
portions 6a and 65 on the lower surface thereof on both edge
sides in the long-axis direction, and the base 4 holding the
group of piezoelectric elements 1 is affixed to the upper
surface thereof. Center shafts 11a and 115 that penetrate
through the corresponding leg portions 6a and 65 are pro-
vided in the long-axis direction (on the line X-X in the hori-
zontal direction shown in FIG. 2A), on bearings 11c and 114.
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The leg portions 6a and 65 are provided to be freely rotatable
with respect to the center shafts 11a and 115.

The case 7 is formed to be concave in section with the upper
surface thereof being open, and projecting ends of the center
shafts 11a and 115 that protrude from the leg portions 6a and
6b are connected (affixed) to peripheral walls of the case 7. A
slit 12 is formed in the long-axis direction of the bottom wall
of the case 7, and the flexible substrate 5 from the group of
piezoelectric elements 1 is lead out to the exterior there-
through. A material such as a synthetic resin 13 is embedded
in the slit 12 to seal the same.

The first bevel gear 8a is provided on the inner surface of
the leg portion 64, below the center shafts 11a and 1154, and
has teeth in an arc (a fan shape) with a peak thereof at the
lower end in the vertical direction. The second bevel gear 85
is borne on the free end side of the rotational shaft 9, which is
in the vertical direction perpendicular to the center shafts 11a
and 115 (the line X-X), and engages with the first bevel gear
8a to rotate in the horizontal direction (the X-X direction).
The rotational shaft 9 is lead out from the bottom wall of the
case 7 and is sealed by sealing 14, and the other end thereof'is
linked (meshes) with the drive motor 10 by means such as
metal gears 15a and 155.

In this prior-art example 1, the first bevel gear 8a and the
second bevel gear 85 are formed of metal, and the diameter of
the equivalent circle of the arc-shaped teeth of the first bevel
gear 8a is greater than the diameter of the second bevel gear
8b. In addition, the diameter of the metal gear 15a affixed to
the rotational shaft 9 is greater than the diameter of the metal
gear 156 of the drive motor 10.

By making the gear ratio from the drive motor 10 to the first
bevel gear 8a greater in this manner, this configuration
ensures that the rotational force (torque) of the drive motor 10
is increased and maintained in the transmission of drive to the
first bevel gear 8a. Note that a cover (not shown in the figure)
that encloses the group of piezoelectric elements 1 is provided
for the case 7, the group of piezoelectric elements 1 and other
components are hermetically sealed therein, and the interior
of'the case is filled with an ultrasound transmission medium
such as oil.

In the thus-configured prior-art example, the rotation (os-
cillation) of the second bevel gear 856 that configures the
rotational mechanism 2 horizontally to left and right causes
the first bevel gear 8a to oscillate with respect to the vertical
plane so that the peak thereof inclines upward to the left or
right from the center. In other words, the peak of the first bevel
gear 8a rotates and oscillates to the left and right of the
vertical direction acting as center. Thus the leg portions 6a
and 65 of the retaining plate 6 rotate and oscillate to the left
and right with respect to the center shafts 11a and 115, and
also the group of piezoelectric elements 1 rotate and oscillate
to the left and right in the short-axis direction, in the opposite
directions thereto. In addition, the rotational angle in the
short-axis direction from a reference position is detected by a
rotational angle detection mechanism (not shown in the fig-
ure) for the rotational shaft 9, thus obtaining information from
an object to be detected (organism).

Problems with Prior Art

However, in the above described example of a short-axis
oscillating probe of the art, the first bevel gear 8a, the second
bevel gear 8b, and also the metal gears 154 and 1556 emit
characteristic metallic noises when they engage because they
are all made of metal, which raises a problem in that it causes
discomfort to the doctor (operator) and, in particular, to the
patient during operation.
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Note that in the generation of metallic noise is removed in
abovementioned prior-art example 3, because the motor and
the rotational axis on the piezoelectric element side are
directly driven by a pulley linkage using a belt. In such a case,
however, there is no two-stage linkage using bevel gears in
addition to the gear that is connected directly to the drive
motor, as described above, so it is necessary to increase the
diameter ratio of the pulleys to ensure that the rotational force
of the motor is transferred reliably to the piezoelectric ele-
ment side. Since the pulley on the piezoelectric element side
is thus increased in size, it is difficult to design a compact
probe.

In contrast thereto, the configuration of the above-de-
scribed prior-art example 1 employs a two-stage linkage
using the gear linkage of the metal gears 15a and 155 together
with the first bevel gear 8a and second bevel gear 85 to
transfer the driving force of the drive motor 10, so that the
metal gears 15a and 155, the first bevel gear 8a, and the
second bevel gear 85 can be made smaller. This facilitates a
compact design.

An objective of the present invention is to provide an ultra-
sonic probe in which the generation of metallic noise by the
meshing of gears is suppressed, making it possible to remove
a source of discomfort to the operator and the patient.

SUMMARY OF THE INVENTION

The present invention relates to an ultrasonic probe com-
prising a group of piezoelectric elements consisting of a plu-
rality of piezoelectric elements of a narrow card shape
arrayed in a long-axis direction thereof and a rotational
mechanism that rotates and oscillates said group of piezoelec-
tric element to the left and right in a short-axis direction
thereof about the center of said long-axis direction; wherein
said rotational mechanism is provided with a first bevel gear
having teeth in at least an arc shape, a second bevel gear
meshing with said first bevel gear and rotating in the horizon-
tal direction, and a drive motor that rotates said second bevel
gear; the rotational axis of said second bevel gear and said
drive motor are linked by a pulley linkage using a belt; and
also at least one of said first bevel gear and said second bevel
gear is made of a synthetic resin.

Since this configuration ensures that there is a pulley link-
age using a belt between the rotational shaft of the second
bevel gear and the drive motor, and at least one of the first
bevel gear and the second bevel gear is made of a synthetic
resin, there is no engagement between metals and thus there is
no generation of the characteristic metallic noise during rota-
tion. This makes it possible to remove a source of discomfort
to the operator and, in particular, to the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a section taken in the long-axis direction, illus-
trating an embodiment of the short-axis oscillating probe of
the present invention; and

FIG. 2 is illustrative of a prior-art example of a short-axis
oscillating probe, where FIG. 2A is a section taken in the
long-axis direction thereof and FIG. 2B is a section taken in
the short-axis direction thereof.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT

A section taken in the long-axis direction through an
embodiment of the short-axis oscillating probe of the present
invention is shown in FIG. 1.
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The short-axis oscillating probe of the present invention is
provided with the group of piezoelectric elements 1 and the
rotational mechanism 2. The group of piezoelectric elements
1 are arranged in a convex form on a backing member (not
shown in the figure) that is attached to an upper surface of the
base 4, with the widthwise direction of a large number of
piezoelectric elements 1a arranged in the long-axis direction
thereof, and the flexible substrate 5 that provides electrical
connections with the group of piezoelectric elements 1
through the conductive path 5a is lead out from one end side
in the short-axis direction.

The rotational mechanism 2 is formed of the retaining plate
6 with the group of piezoelectric elements 1 affixed to the
upper surface thereof; the case 7 of an indented shape and
having the center shafts 11a and 115, which rotate freely in
the leg portions 6a and 65 of the retaining plate 6 and engage
smoothly with the bearings 11¢ and 114 the first bevel gear
8a, which is provided in one leg portion 6a of the retaining
plate 6 and which has teeth in an arc shape; the second bevel
gear 85, which meshes with the first bevel gear 8a and which
has the rotational shaft 9 that is led out from the bottom wall
of'the case 7; and the drive motor 10 attached to the framing
member 7b.

In this case, the first bevel gear 8a on the driven side is
formed of a synthetic resin and the second bevel gear 85 on
the drive side is formed of a metal. In addition, the rotational
shaft 9 of the second bevel gear 85 and a rotational axis 10a of
the drive motor 10 are linked by a pulley linkage using a belt
16.

In this case, the diameter of the first bevel gear 8a is larger
than that of the second bevel gear 85, a pulley 174 on the
rotational shaft 9 is larger than a pulley 175 of the drive motor
10 (the gear ratio thereof is larger), and thus the rotational
force of the motor is increased. Uneven grooves are provided
in the pulleys 17a and 176 and the belt 16, and mutually
meshing timing pulleys and a timing belt are used therefor.

Since this configuration ensures that the connection
between the rotational shaft 9 of the second bevel gear 85 and
the rotational axis 10a of the drive motor 10 is by a pulley
linkage using the belt 16, the driving force can be transferred
reliably and there is no metallic noise generated by the mesh-
ing of the metal gears 15a and 155 as in the prior-art example.
In addition, since the first bevel gear 8a is formed of a syn-
thetic resin and the second bevel gear 85 is formed of a metal,
any metallic noise generated when those gears engage can be
minimized. Thus the generation of metallic noise during
operation is suppressed, thereby making it possible to remove
a source of discomfort to the operator and, in particular, to the
patient.

What is claimed is:

1. An ultrasonic probe comprising:

a group of piezoelectric elements consisting of a plurality
of piezoelectric elements of a narrow card shape arrayed
in a long-axis direction thereof and a rotational mecha-
nism that rotates and oscillates said group of piezoelec-
tric elements to the left and right in a short-axis direction
thereof about the center of said long-axis direction;

wherein said rotational mechanism is provided with a first
bevel gear having teeth in at least an arc shape wherein
the first bevel gear is fabricated from metal, a second
bevel gear meshing with said first bevel gear and rotating
in the long-axis direction wherein the second bevel gear
is fabricated from a synthetic resin, first and second
pulleys each provided with uneven grooves and a drive
motor that rotates said second bevel gear via said first
and second pulleys;
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the rotational axis of said second bevel gear and the rota- a first bevel gear fabricated from metal,
tional axis of said drive motor are linked by the first and a second bevel gear fabricated from a synthetic resin, the
second pulleys using a belt mutually meshing with the second b.evel. gear meshing With the first bevel gear
uneven grooves of the first and second pulleys. and rotating in the long-axis direction, ) )
. .. 5 first and second spaced apart pulleys each provided with
2. An ultrasonic probe comprising: uneven grooves;
a group of piezoelectric elements consisting of a plurality a belt coupled between the first and second spaced apart
of piezoelectric elements arrayed in a long-axis direc- pulleys configured to mesh with the uneven grooves
tion thereof; of the first and second pulleys; and

a drive motor that rotates the second bevel gear via the

arotational mechanism operative to rotate and oscillate the 10
first and second pulleys.

group of piezoelectric elements wherein said rotational
mechanism includes: R T
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