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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSTIC EQUIPMENT USING SAME

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic probe
utilized in medical fields such as an ultrasonic diagnosis, a
treatment and the like, in particular, to an ultrasonic probe
having a function of swinging ultrasonic transducers
mechanically, and an ultrasonic diagnostic equipment using
the ultrasonic probe.

BACKGROUND ART

[0002] An ultrasonic probe composed of a plurality of
piezoelectric transducers arranged so that an ultrasonic wave
sending/receiving face forms a convex shape has been known
conventionally (for example, see Patent Document 1). The
ultrasonic probe can obtain a plurality of tomographic images
and construct three-dimensional images by electronic scan-
ning that is performed in an arrangement direction of the
piezoelectric transducers (electronic scanning direction) and
mechanical scanning that causes the piezoelectric transducers
to move or swing in a direction different from the electronic
scanning direction.

[0003] FIG.7isaperspective view showing a configuration
of such an ultrasonic probe 101. An ultrasonic transducer
body 103 has a plurality of piezoelectric transducers (not
shown) arranged so as to form a convex shape, and transmits
and receives ultrasonic waves. A swing shaft 104 is fixed to
the ultrasonic transducer body 103, and supported swingably
by a supporter (not shown). The swing shaft 104 is inserted in
a swing shaft pulley 105, which is fixed to the swing shaft 104
by a pulley fastening screw 113. Further, an output shaft 107
ofamotor 106 as a driving source is inserted in an output shaft
pulley 108, which is fixed to the output shaft 107 by a pulley
fastening screw 114. A belt 109 is wound around the swing
shaft pulley 105 and the output shaft pulley 108.

[0004] The forward-backward rotation motion of the motor
106 is transmitted to the output shaft pulley 108, the belt 109,
and the swing shaft pulley 105 in this order, which causes the
ultrasonic transducer body 103 to swing around the swing
shaft 104. By this motion, mechanical scanning by the swing
of the ultrasonic transducer body 103 around the swing shaft
104 can be performed. Therefore, by combining the mechani-
cal scanning with the electronic scanning performed by the
plurality of the piezoelectric transducer arrays constituting
the ultrasonic transducer body 103, it is possible to obtain
certain tomographic images of a subject (not shown) and
construct three-dimensional images.

Prior Art Document
Patent Document

[0005] [Patent Document 1] JP 2006-320476 A
DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

[0006] In the mechanical scanning, when the output shaft
107 rotates forward or backward, the output shaft pulley 108
rotates forward or backward. The belt frequently repeats for-
ward-backward motion along with the forward-backward
rotation of the output shaft pulley 108.

[0007] Since the conventional belt 109 is formed entirely of
the same material in the same width and the same thickness,
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two regions in the belt 109, which are divided at the swing
shaft pulley 105 and the output shaft pulley 108, have the
same natural frequency. With this configuration, a resonance
phenomenon may occur in the belt 109 due to tension and
slack of the belt 109 attributed to a swing cycle. When the
resonance phenomenon occurs, the swing motion becomes
erratic and the probe vibrates more, which makes it difficult to
capture highly reliable ultrasonic images.

[0008] Further, since the ultrasonic probe is operated by
being held by an operator’s hand, the ultrasonic probe is
required to be formed smaller and lighter. The swing shaft
pulley 105 and the output shaft pulley 108 are fixed to the
swing shaft 104 and the output shaft 107 by the pulley fas-
tening screws 113 and 114, respectively. In other words, in
order to secure places for attaching the pulley fastening
screws 113, 114, widths of the swing shaft pulley 105 and the
output shaft pulley 108 need be larger than a width of the belt
109. For making the ultrasonic probe smaller and lighter, it is
desirable that the widths of the pulleys 105, 108 be substan-
tially the same as the width of the belt 109.

[0009] However, when the belt 109 and the pulleys 105, 108
have substantially the same width, the pulley fastening screws
113, 114 come into contact with the belt 109. When a screw
having a screw head protruding further than a circumferential
surface ofthe pulley (e.g., pan-head machine screw) is used as
the pulley fastening screws 113, 114, the belt 109 runs upon
the pulley fastening screws 113, 114, which makes it difficult
for the ultrasonic transducer body 103 to perform an accurate
swing motion.

[0010] On the other hand, when a screw having a screw
head not protruding from the circumferential surface of the
pulley (e.g., flat-head machine screw, hexagon socket set
screw) is used as the pulley fastening screws 113,114, the belt
109 does not run upon the screws; however, it is positioned on
the screw holes. The belt 109 may be damaged and in some
cases fractured due to repetitive sliding contact with edges of
the screw holes. Although there also are methods of fixing the
pulley to the shaft such as press fitting and adhesive fixing
without using the pulley fastening screws 113, 114, such
methods decrease the ability to disassemble the shaft and the
pulley, which interferes with adjustment, repair, etc.

[0011] The present invention is made to solve the above-
described conventional problems, and it is an object of the
present invention to provide an ultrasonic probe capable of
stabilizing the swing motion by suppressing the occurrence of
a resonance phenomenon of a belt and an ultrasonic diagnos-
tic equipment using the ultrasonic probe.

[0012] TItis another object of the present invention to down-
size a width of a pulley to a size equivalent to a width of a belt.
[0013] Ttis another object of the present invention to main-
tain the capability of disassembling a shaft and a pulley while
achieving the above-described objects.

Means for Solving Problem

[0014] In order to solve the above-described conventional
problems, a first ultrasonic probe of the present invention
includes: an ultrasonic transducer body transmitting and
receiving an ultrasonic wave; a swing shaft attached inte-
grally to the ultrasonic transducer body; a swing shaft pulley
provided on the swing shaft; a motor having an output shaft;
an output shaft pulley provided on the output shaft; a belt
wound around the swing shaft pulley and the output shaft
pulley; and a plurality of belt fixing screws fixing the belt to
the swing shaft pulley and the output shaft pulley. The belt is
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divided into two regions at the belt fixing screws so as to allow
the regions to have different natural frequencies.

[0015] As described above, by differentiating the natural
frequency between the two regions in the belt, the belt can be
suppressed from resonating. Thereby the reliability of the
ultrasonic probe is increased and the quality of an ultrasonic
image is improved particularly.

[0016] Further, in order to solve the above-described con-
ventional problems, a second ultrasonic probe of the present
invention includes: an ultrasonic transducer body transmit-
ting and receiving an ultrasonic wave; a swing shaft attached
integrally to the ultrasonic transducer body; a swing shaft
pulley provided on the swing shaft; a motor having an output
shaft; an output shaft pulley provided on the output shaft; an
intermediate shaft provided rotatably; a first intermediate
shaft pulley and a second intermediate shaft pulley provided
on the intermediate shaft; a first belt wound around the swing
shaft pulley and the first intermediate shaft pulley; a second
belt wound around the second intermediate shaft pulley and
the output shaft pulley; and a plurality of fastening screws
fixing the first belt and the second belt to their respective
pulleys. Each of the first belt and the second belt is divided
into two regions at the fastening screws so as to allow the
regions to have different natural frequencies.

[0017] As described above, by differentiating the natural
frequency between the two regions in the belt, the belt can be
suppressed from resonating. Thereby the reliability of the
ultrasonic probe is increased and the quality of an ultrasonic
image is improved particularly.

[0018] Further, the first and the second ultrasonic probes
can be configured such that the two regions in the belt have
different natural frequencies by differentiating a material
weight of the regions.

[0019] Further, it is possible to have a configuration that
further includes a pulley fastening screw that fixes each of the
pulleys to the shaft to which the pulley is attached, wherein
the pulley fastening screw is inserted completely in a screw
hole, and a screw hole filler is placed over the pulley fastening
screw so as to fill the screw hole. With this configuration, it is
possible to prevent the belt from being damaged by contact-
ing an edge of the screw hole.

[0020] Further, it is possible to have a configuration in
which the two regions in the belt have different natural fre-
quencies by forming a through hole in one of the regions.
[0021] Further, it is possible to have a configuration in
which a cross belt configuration is formed by passing the
other region through the through hole. With this configura-
tion, a contact area between the belt and the pulleys becomes
large, thereby transmitting a driving force between the pul-
leys and the belt reliably and performing a more stable swing
motion.

[0022] Further, it is possible to have a configuration that
further includes a pulley fastening screw that fixes each of the
pulleys to the shaft to which the pulley is attached, at a portion
of the pulley where the through hole is positioned when the
pulley rotates. With this configuration, the belt does not con-
tact the pulley fastening screw, which makes it possible to
prevent the belt from being damaged.

[0023] Further, it is possible to have a configuration in
which the pulley fastening screw is inserted completely in a
screw hole, and a screw hole filler is placed over the pulley
fastening screw so as to fill the screw hole. With this configu-
ration, it is possible to prevent the belt from being damaged by
contacting an edge of the screw hole.
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[0024] Further, it is possible to have a configuration in
which a pulley fastening screw that fixes each of the pulleys to
the shaft to which the pulley is attached is inserted in a bottom
of'a screw hole of the belt fixing screw. With this configura-
tion, the pulley can be fixed to the shaft without providing
another screw hole. Thus, the fixation of the pulley to the shaft
can be performed reliably.

[0025] Tt is possible to have a configuration in which a
width of each of the pulleys is the same as a width of the belt.
With this configuration, the ultrasonic probe can be formed
smaller and lighter.

[0026] In order to solve the above-described conventional
problems, an ultrasonic diagnostic equipment of the present
invention includes: the above-described ultrasonic probe; and
an ultrasonic diagnostic equipment main body connected
electrically to the ultrasonic probe. With this configuration, it
is possible to provide an ultrasonic diagnostic equipment
having the effects of the above-described ultrasonic probe
and capable of obtaining favorable ultrasonic diagnostic
images efficiently.

Effect of the Invention

[0027] According to the present invention, by differentiat-
ing the natural frequency between the two regions in the belt
that are divided at the belt fastening screws, it is possible to
provide a highly reliable ultrasonic probe suppressing the
occurrence of the resonance phenomenon and securing the
stable motion, and an ultrasonic diagnostic equipment using
the ultrasonic probe.

[0028] Further, by equalizing the widths of the pulley and
the belt, it is possible to downsize the ultrasonic probe.
[0029] Further, by fixing the pulleys and the belt using
screws, itis possible to maintain the ability to disassemble the
pulleys and the belt.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG.1is aperspective view showing a configuration
of'main portions of an ultrasonic probe according to Embodi-
ment 1 of the present invention.

[0031] FIG. 2A is a perspective view showing a configura-
tion of a motion transmission mechanism of the ultrasonic
probe according to the present embodiment.

[0032] FIG. 2B is a cross-sectional view of the motion
transmission mechanism shown in FIG. 2A.

[0033] FIG. 3A is a perspective view showing a configura-
tion of a motion transmission mechanism according to
Embodiment 2 of the present invention.

[0034] FIG. 3B is a perspective view of the motion trans-
mission mechanism shown in FIG. 3A seen from another
direction.

[0035] FIG. 4is aperspective view showing a configuration
of'main portions of an ultrasonic probe according to Embodi-
ment 3 of the present invention.

[0036] FIG.5A is a perspective view showing a configura-
tion of a motion transmission mechanism of an ultrasonic
probe according to Embodiment 4 of the present invention.
[0037] FIG. 5B is a cross-sectional view of the motion
transmission mechanism shown in FIG. 5A.

[0038] FIG. 6 is a schematic view showing a configuration
of an ultrasonic diagnostic equipment according to Embodi-
ment 5 of the present invention.
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[0039] FIG.71is aperspective view showing a configuration
of a conventional ultrasonic probe.

DESCRIPTION OF EMBODIMENTS

[0040] Hereinafter, an ultrasonic probe and an ultrasonic
diagnostic equipment according to embodiments of the
present invention will be described with reference to the
drawings.

Embodiment 1

[0041] FIG.11is aperspective view showing a configuration
of main portions inside an ultrasonic probe 1 according to
Embodiment 1 of the present invention. An ultrasonic trans-
ducer body 3 is composed of a plurality of piezoelectric
transducers (not shown) arranged so that a sending/receiving
face forms a convex shape. The ultrasonic transducer body 3
transmits ultrasonic waves with respect to a subject and
receives reflected waves from the subject. A swing shaft 4 is
joined integrally with the ultrasonic transducer body 3 on an
opposite side relative to the ultrasonic wave sending/receiv-
ing face of the ultrasonic transducer body 3, and supported
swingably by a supporter (not shown).

[0042] A motiontransmission mechanism 2 is composed of
the swing shaft 4, a swing shaft pulley 5, an output shaft 7, an
output shaft pulley 8 and a belt 9, and transmits a driving force
of'a motor 6 so as to swing the ultrasonic transducer body 3.
A through hole 10 is formed in a part of the belt 9. The swing
shaft 4 is inserted in the swing shaft pulley S, which is fixed to
the swing shaft 4 by a pulley fastening screw 13.

[0043] The motor 6 as a driving source has the output shaft
7 as a rotation shaft, and is fixed to a supporter (not shown).
The output shaft 7 is inserted in the output shaft pulley 8,
which is fixed to the output shaft 7 by a pulley fastening screw
14.

[0044] The belt 9 is wound around the swing shaft pulley 5
and the output shaft pulley 8. The belt 9 is fixed to the swing
shaft pulley 5 by abelt fixing screw 11 on the swing shaft side,
and fixed to the output shaft pulley 8 by a belt fixing screw 12
on the output shaft side. A width of the belt 9 substantially is
the same as widths of the swing shaft pulley 5 and the output
shaft pulley 8. In order to avoid having the belt 9 contact edges
of the swing shaft pulley 5 and output shaft pulley 8, it is
preferable that the swing shaft pulley 5 and the output shaft
pulley 8 are slightly wider than the belt 9.

[0045] Inthe ultrasonic probe configured as above, driving
the motor 6 causes the output shaft 7 to rotate, the rotation
then being transmitted to the output shaft pulley 8, the belt 9,
the swing shaft pulley 5 and the swing shaft 4. Along with the
rotation of the swing shaft 4, the ultrasonic transducer body 3
joined integrally with the swing shaft 4 swings, thereby trans-
mitting and receiving ultrasonic waves at an appropriate posi-
tion. Mechanical scanning is performed by the repetition of
the above.

[0046] Next, the motion transmission mechanism 2 of the
ultrasonic probe composed of the swing shaft 4, the output
shaft 7, the swing shaft pulley 5, the output shaft pulley 8 and
the belt 9 will be described in more detail. FIG. 2A is a
perspective view showing a configuration of the motion trans-
mission mechanism of the ultrasonic probe according to the
present embodiment, and FIG. 2B is a cross-sectional view of
the motion transmission mechanism 2 of FIG. 2A.

[0047] Thebelt9 is formed of a metallic sheet material such
as stainless steel. A flexible material such as rubber also can
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be used as the belt 9. However, in this case, a swing speed and
a swing angle of the ultrasonic transducer body 3 may vary
due to the extension-retraction of the belt 9. Therefore, in
order to suppress the variations in the swing speed and the
swing angle and to cause the ultrasonic transducer body 3 to
swing accurately, it is preferable that the belt 9 is made of
metal such as stainless steel.

[0048] The belt 9 is fixed to the swing shaft pulley 5 by the
belt fixing screw 11 on the swing shaft side, and fixed to the
output shaft pulley 8 by the belt fixing screw 12 on the output
shaft side. As shown in FIG. 2B, the belt 9 is divided into two
regions on the left and right (a first region 17 and a second
region 18) at the attachment portions (locations) of the belt
fixing screws 11, 12. The firstregion 17 and the second region
18 in the belt 9 are configured to have different natural fre-
quencies. In the present embodiment, by forming the through
hole 10 in the first region 17, the first region 17 becomes
lighter than the second region 18, which provides a difference
in natural frequency. With this configuration, the belt 9 can be
suppressed from resonating when moving forward and back-
ward.

[0049] The type and the length of the pulley fastening
screws 13, 14 are such that they do not have screw heads (e.g.,
hexagon socket set screw) and are contained inside screw
holes. The swing shaft pulley 5 is fixed to the swing shaft 4 by
two pulley fastening screws 13a, 13b4. Further, the output
shaft pulley 8 is fixed to the output shaft 7 by two pulley
fastening screws 14a, 145.

[0050] The motion transmission mechanism is required to
transmit a driving force applied to the output shaft 7 to the
swing shaft 4 reliably. If the output shaft pulley 8 is not fixed
to the output shaft 7 sufficiently, the driving force cannot be
transmitted to the belt 9 sufficiently. Further, in order to
transmit the driving force transmitted to the belt 9 to the swing
shaft 4 sufficiently, the swing shaft pulley 5 should be fixed to
the swing shaft 4 reliably. Therefore, the pulley fastening
screws 13, 14, each fixing the pulley to the shaft, preferably
are provided not at one location, but at plural locations. In the
present embodiment, each pulley is fixed to the shaft using the
two pulley fastening screws, i.e., 13a, 135 or 14a, 145.
[0051] Since the ultrasonic probe is used by being held by
an operator’s hand or inserted into a body cavity of the sub-
ject, the probe preferably is small and light. In order to con-
figure the ultrasonic probe smaller and lighter, the belt 9 is
formed to have substantially the same width as the swing
shaft pulley 5 and the output shaft pulley 8. Therefore, screw
holes 15, 16 of the pulley fastening screws 13, 14, each fixing
the pulley to the shaft, are provided on circumferential sur-
faces of the pulleys, i.e., at positions on which the belt 9 is
placed.

[0052] Of the pulley fastening screws 13a, 135 that fix the
swing shaft pulley 5 to the swing shaft 4, the pulley fastening
screw 135 shares its screw hole 156 with the belt fixing screw
11 that fixes the belt 9 to the swing shaft pulley 5. In other
words, in the screw hole 155, the pulley fastening screw 135
is inserted deeply in the screw hole and the belt fixing screw
11 is inserted in a position from above the pulley fastening
screw 1354 to a surface of the screw hole. Similarly, of the
pulley fastening screws 14a, 145 that fix the output shaft
pulley 8 to the output shaft 7, the pulley fastening screw 145
shares its screw hole 165 with the belt fixing screw 12 that
fixes the belt 9 to the output shaft pulley 8.

[0053] Thus, even when the screw holes 1556 and 165 are
formed on the circumferential surfaces of the pulleys on
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which the belt 9 is placed, the pulley fastening screws 134,
1454 do not contact the belt 9. Thus, the swing motion can be
stabilized without damaging or the like the belt 9. Further,
since the belt fixing screws 11, 12 are inserted in the screw
holes 155, 165, respectively, so as to fix the belt 9, the belt 9
can be prevented from being damaged due to repetitive slid-
ing contact with the edges of the screw holes. Thereby the
swing motion can be stabilized.

[0054] Further, at a portion of the swing shaft pulley 5
corresponding to the through hole 10 of the belt 9, a screw
hole 154 is formed that is different from the screw hole 155
shared by the belt fixing screw 11 and the pulley fastening
screw 135. In the screw hole 15a, the pulley fastening screw
13a that fixes the swing shaft pulley 5 to the swing shaft 4 is
inserted. Similarly, at a portion of the output shaft pulley 8
corresponding to the through hole 10 of the belt 9, a screw
hole 164 is formed that is different from the screw hole 165
shared by the belt fixing screw 12 and the pulley fastening
screw 145. In the screw hole 16a, the pulley fastening screw
14aq that fixes the output shaft pulley 8 to the output shaft 7 is
inserted.

[0055] With this configuration, it is possible to prevent the
belt 9 from contacting the pulley fastening screws 13a, 14a
and the screw holes 154, 16a. Thus, damage or the like of the
belt 9 can be suppressed. In view of this point as well, the
swing motion can be stabilized, which increases the reliabil-
ity of data obtained and ultrasonic images obtained by pro-
cessing the data.

[0056] Especially in the present embodiment in which the
metallic belt 9 is used, the possibility of the belt 9 being
damaged due to overlap between the belt 9 and the pulley
fastening screws 13, 14 is increased as compared with the
case of using the belt 9 made of a flexible material such as
rubber. Therefore, it is effective that the belt 9 can be pre-
vented from coming into contact with the pulley fastening
screws 134, 14a and the screw holes 154, 16a.

[0057] Although the present embodiment explains the case
in which the screw not having a screw head and contained
inside the screw hole (e.g., hexagon socket set screw) is used
as the type of the screw of the pulley fastening screws 13a,
144, the present invention is not limited to this case. For
example, regarding the pulley fastening screws 13a, 14a not
sharing the screw holes with the belt fixing screws 11,12, it is
unnecessary to limit the type of the screw. Therefore, for
example, even in the case of using a screw having a protruding
screw head (e.g., pan-head machine screw), an effect of pre-
venting the belt 9 from being damaged can be obtained by
setting the size of the through hole 10 formed in the belt9 such
that the belt 9 does not come into contact with the screw head.
[0058] Further, although the present embodiment explains
the case in which one through hole 10 having a slot shape is
formed in the belt 9, the present invention is not limited to this
case. For example, two through holes 10 may be formed so as
to correspond to the positions of the screw holes 154, 16a.
Even if the shape and the number of the through hole 10 are
different from this case, it does not mean that the configura-
tion departs from the present invention, as long as a difference
in natural frequency can be provided between the first region
17 and the second region 18.

[0059] Further, although the present embodiment explains
the case in which the two pulley fastening screws 13a, 135 or
14a, 14b are used for fixing the swing shaft pulley 5 to the
swing shaft 4 or fixing the output shaft pulley 8 to the output
shaft 7, two or more of the pulley fastening screws may be
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used. In this case, the same effect as that of the above-de-
scribed configuration can be obtained by appropriately
changing the shape, the size and the number of the through
hole 10 of the belt 9 so as to correspond to the locations of the
pulley fastening screws 13a, 14a such that the pulley fasten-
ing screws 13a, 14a do not come into contact with the belt 9.

[0060] As described above, the ultrasonic probe according
to the present embodiment is capable of suppressing the
occurrence of the resonance phenomenon, thereby securing
the stable swing motion. Further, since the pulleys and the belt
can have substantially the same width, the ultrasonic probe
can be configured smaller and lighter. Further, by fixing the
belt 9 to the swing shaft pulley 5 and the output shaft pulley 7
by the belt fixing screws 11 and 12, respectively, and fixing
the swing shaft pulley 5 and the output shaft pulley 8 to the
swing shaft 4 and the output shaft pulley 7 by the pulley
fastening screws 13a, 136 and 144, 145, respectively, the
shafts and the pulleys can be disassembled, and thus, an
adjustment and a repair can be carried out easily.

Embodiment 2

[0061] FIG. 3A is a perspective view showing a configura-
tion of a motion transmission mechanism 25 of an ultrasonic
probe according to Embodiment 2 of the present invention,
and FIG. 3B is a perspective view of the motion transmission
mechanism 25 seen from another direction. Note here that the
configuration of the ultrasonic probe is identical to the con-
figuration of the ultrasonic probe according to Embodiment 1
except for the motion transmission mechanism. Therefore,
the same components as those of Embodiment 1 are denoted
with the same reference numerals, and the explanation
thereof will be omitted.

[0062] A swing shaft pulley 55 is formed so that a diameter
ofthe swing shaft pulley is larger than a diameter of the output
shaft pulley. When the diameter of the swing shaft pulley is
assumed to a, and the diameter of the output shaft pulley is
assumed to b, a torque To generated in the swing shaft pulley
5bwithrespectto atorque Tiapplied to the output shaft pulley
85 is expressed as follows.

To=(a/b) Ti (Equation 1)

With this configuration, a torque for swinging the ultrasonic
transducer body (not shown) can be increased. Therefore, a
small motor whose driving force is small can be used as the
motor 6, whereby the ultrasonic probe further can be config-
ured smaller and lighter.

[0063] Both ends of a belt 95 are fixed to the swing shaft
pulley 55 by the belt fixing screws 11, and the vicinity of the
center of the belt 95 is fixed to the output shaft pulley 85 by the
belt fixing screw 12. One of the belt fixing screws 11 that fix
the belt 95 to the swing shaft pulley 54 and the belt fixing
screw 12 that fixes the belt 95 to the output shaft pulley 86
share their screw holes with pulley fastening screws (not
shown), respectively, which is identical to Embodiment 1.

[0064] The belt 95 is composed of a first region 175 and a
second region 185 connected respectively to the swing shaft
pulley 56 and the output shaft pulley 85. A through hole 10 is
formed in the first region 17b. The second region 186 is
formed narrower than the width of the through hole 10, and
arranged so as to pass through the through hole 10. In other
words, the first region 175 and the second region 185 form a
cross belt configuration. Material weights of the first region
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1756 and the second region 185 are different from each other,
whereby the first region 176 and the second region 185 have
different natural frequencies.

[0065] When the belt 96 is composed of a metallic sheet
material made of stainless steel for suppressing the extension
of the belt 95 due to the stress applied during the swing
motion of the ultrasonic transducer body 3 for example, since
the belt is not as flexible as a belt composed of a rubber
material such as chloroprene rubber and urethane rubber, it is
difficult to form the belt 95 in the cross belt configuration by
twisting. However, by utilizing the through hole 10 and by
passing one end of the belt 96 through the through hole 10, the
cross belt configuration can be realized easily even when the
belt 95 is composed of a metallic sheet material such as
stainless steel. Therefore, the cross belt configuration with
respect to the pulleys can be realized easily.

[0066] By forming the belt 95 in the cross belt configura-
tion, a contact area (contact angle) of the belt 95 with respect
to the respective pulleys becomes large, which makes it pos-
sible to increase a contact friction region as compared with
the case of Embodiment 1. Thus, the swing motion of the
ultrasonic transducer body 3 that is performed by the repeti-
tive forward-backward motion of the belt 95 can be stabilized
further.

[0067] As described above, the ultrasonic probe according
to the present embodiment has the same effect as that of the
ultrasonic probe according to Embodiment 1. Further, since
the motor 6 can be downsized, the ultrasonic probe further can
be configured smaller and lighter.

Embodiment 3

[0068] FIG. 4 is a side view showing a configuration of
main portions inside an ultrasonic probe 1lc¢ according to
Embodiment 3 of the present invention. Note here that the
configuration of the ultrasonic probe is identical to the con-
figuration of the ultrasonic probe according to Embodiment 1
except for the motion transmission mechanism. Therefore,
the same components as those of Embodiment 1 are denoted
with the same reference numerals, and the explanation
thereofwill be omitted. A motion transmission mechanism 2¢
according to the present embodiment has a configuration in
which the driving force of the motor is transmitted by two
pairs of pulleys via an intermediate shaft 19 to the swing shaft

[0069] The intermediate shaft 19 is positioned between the
swing shaft 4 and the output shaft 7, and supported swingably
by a supporter (not shown). The intermediate shaft 19 is
inserted in a first intermediate shaft pulley 20, which is fixed
to the intermediate shaft 19 by a pulley fastening screw 22. A
belt 21 is wound around the swing shaft pulley 56 and the first
intermediate shaft pulley 20. A diameter of the first interme-
diate shaft pulley 20 is set so as to be smaller than a diameter
of the swing shaft pulley 54.

[0070] Further, the intermediate shaft 19 is inserted in a
second intermediate shaft pulley 24, which is fixed to the
intermediate shaft 19 by a pulley fastening screw 27. A belt 25
is wound around the second intermediate shaft pulley 24 and
the output shaft pulley 856. A diameter of the second interme-
diate shaft pulley 24 is formed so as to be larger than a
diameter of the output shaft pulley 85.

[0071] As shown in Equation 1 of Embodiment 2, regard-
ing the driving torque of the motor 6, the rotation torque is
increased by setting the diameter of the second intermediate
shaft pulley 24 to be larger than the diameter of the output
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shaft pulley 86. The rotation torque is increased further by
setting the diameter of the swing shaft pulley 54 to be larger
than the diameter of the first intermediate shaft pulley 20. In
other words, the rotation torque can be increased in two
stages, whereby the torque for swinging the ultrasonic trans-
ducer body 3 can be increased.

[0072] With this configuration, as compared with the
motion transmission mechanism 24 according to Embodi-
ment 2 in which the torque is increased in one stage, a differ-
ence in diameter between the pulleys can be reduced in each
stage, and thus, the diameters ofthe pulleys themselves can be
reduced. Therefore, the pulleys can be downsized, and hence,
acompact, easily operable ultrasonic probe can be configured
along with the downsizing of the motor 6.

[0073] The two intermediate shaft pulleys, which are the
first intermediate shaft pulley 20 and the second intermediate
shaft pulley 24, are attached to the intermediate shaft 19. A
positional relationship between the first intermediate shaft
pulley 20 and the second intermediate shaft pulley 24 in a
rotation direction needs to have a predetermined relationship.
If the attached positions of the two intermediate shaft pulleys
in the rotation direction are displaced from the predetermined
relationship, the positions of the belt fixing screws 23, 27 are
displaced accordingly. In that case, a deflection may occur in
the belts 21, 25 during the swing motion. Consequently, the
swing angle of the ultrasonic transducer body 3 is displaced.
[0074] In order to fix the first intermediate shaft pulley 20
and the second intermediate shaft pulley 24 to the intermedi-
ate shaft 19, there are, for example, a method of press-fitting
or adhering the intermediate shaft to the pulleys, and a
method of fixing the pulleys to the intermediate shaft using
screws. When the first intermediate shaft pulley 20 and the
second intermediate shaft pulley 24 are fixed to the interme-
diate shaft 19 by the fixing method such as the press fitting or
adhesion, it is difficult to control the positional relationship
between the first intermediate shaft pulley 20 and the second
intermediate shaft pulley 24 in the rotation direction in the
intermediate shaft 19. On the other hand, as shown in FIG. 4,
when the intermediate shaft pulleys 20, 24 are fixed using the
pulley fastening screws 22, 26, it is possible to regulate the
positions of the intermediate shaft pulleys 20, 24 in the rota-
tion direction by making a D-cut in advance at positions
where the pulley fastening screws 22, 26 contact the interme-
diate shaft 19, for example. Thus, the control for the displace-
ment can be realized easily.

[0075] When fixing the intermediate shaft pulleys 20, 24 to
the intermediate shaft 19 using the pulley fastening screws 22,
26, it is necessary to suppress damage to the belts 21, 25 due
to contacts between the belts 21, 25 and the pulley fastening
screws 22, 26, respectively. However, by using the belts 9, 96
described in Embodiments 1, 2 as the belts 21, 25, the con-
tacts between the belts and the pulley fastening screws can be
prevented, whereby the damages of the belts can be sup-
pressed. At the same time, the resonance state of the belts due
to the rotation motion of the motor can be avoided.

[0076] Although the present embodiment explains the case
in which the pulley fastening screws are used for fixing the
intermediate shaft pulleys 20, 24 to the intermediate shaft 19,
the pulley fastening screws are used for fixing the swing shaft
pulley 55 to the swing shaft 4 and fixing the output shaft
pulley 85 to the output shaft 7, which is the same as in
Embodiments 1, 2.

[0077] As described above, the ultrasonic probe according
to the present embodiment has a characteristic of having two
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pairs of the motion transmission mechanisms, at least one of
which is configured such that the diameter of the pulley
positioned farther in the motion transmission path when seen
from the output shaft of the motor is larger than the diameter
ofthe pulley positioned closer from the output shaft. With this
configuration, the pulleys and the shafts are fixed using the
fastening screws, whereby the resonance state of the belts can
be prevented and the ultrasonic probe can be downsized.
[0078] Although the present embodiment explains the case
in which one intermediate shaft 19 is used, the present inven-
tion is not limited to this case. Even in the case where two or
more intermediate shafts 19 are used, such a configuration
only increases the number of the motion transmission mecha-
nism composed of pulleys and belts, and hence, is acceptable
as long as the operability of the ultrasonic probe is not
impaired.

Embodiment 4

[0079] FIG. 5A is a perspective view showing a configura-
tion of a motion transmission mechanism 24 of an ultrasonic
probe according to Embodiment 4 of the present invention,
and FIG. 5B is a cross-sectional view of the motion transmis-
sion mechanism 2d shown in FIG. 5A. Note here that the
ultrasonic probe according to the present embodiment is dif-
ferent from the ultrasonic probe of Embodiment 1 in that
screw hole fillers 28, 29 are placed in the screw holes 154,
155. In the ultrasonic probe of the present embodiment, the
same components as those of Embodiment 1 are denoted with
the same reference numerals, and the explanation thereof will
be omitted.

[0080] The screw hole fillers 28, 29 are fillers filled in the
remaining spaces in the screw holes 154, 164 to the circum-
ferential surfaces of the pulleys after the attachment of the
pulley fastening screws 13a, 14a. The screw hole fillers 28, 29
are obtained by, for example, fitting a plug-like member made
of a flexible material such as rubber or resin in the screw hole,
or by directly pouring a material such as rubber or resin into
the screw hole and thereafter curing it. Surfaces of the screw
hole fillers 28, 29 are treated by post-processing, etc., so as to
form substantially a continuous surface with the circumfer-
ential surface of the pulley.

[0081] Thus, by filling the screw holes 15a, 16a with the
screw hole fillers 28, 29, the belt 94 can avoid loads and
damage even if the belt 9d comes into sliding contact with the
screw holes 15a, 16a when placed thereon. Thereby, the
swing motion can be stabilized.

[0082] In the present embodiment, the belt 94 need not be
formed with a through hole such as that formed in the belt 9 in
Embodiment 1. However, it is essentially necessary to differ-
entiate the natural frequency between the two regions in the
belt 94, and a through hole may be formed. Further, the two
regions in the belt 9d may be different in density and weight
by partially changing the thickness of the material, partially
plating the belt 94, or partially welding/adhering an other
component to the belt 94, etc., without forming a through hole
in the belt 94.

[0083] Note here that the configuration of providing the
screw hole filler in the screw hole in the present embodiment
may be applied to the other embodiments described above
and to the intermediate shaft pulleys in FIG. 4.

Embodiment 5

[0084] FIG. 6 is a schematic view showing a configuration
of an ultrasonic diagnostic equipment 31 according to
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Embodiment 5 of the present invention. The ultrasonic diag-
nostic equipment 31 includes an ultrasonic diagnostic equip-
ment main body 32 and an ultrasonic probe 1 that is connected
electrically to the ultrasonic diagnostic equipment main body
32.

[0085] Next, the operation of the ultrasonic diagnostic
equipment 31 will be described. First, an operator brings an
ultrasonic wave sending/receiving face of the ultrasonic
probe 1 into contact with a body surface of a subject (not
shown). Next, electrical signals (driving signals) are trans-
mitted from the ultrasonic diagnostic equipment main body
32 to the ultrasonic probe 1. The driving signals are converted
into ultrasonic waves in piezoelectric transducers in the ultra-
sonic probe 1 so as to be transmitted to the subject (not
shown). The ultrasonic waves are reflected in a body of the
subject (not shown). A part of the reflected waves are received
by the piezoelectric transducers in the ultrasonic probe 1, and
converted into electric signals (reception signals). The con-
verted electric signals are input in the ultrasonic diagnostic
equipment main body 32, subjected to signal processing in
the ultrasonic diagnostic equipment main body 32, and output
to a display device such as CRT as, for example, a tomo-
graphic image.

[0086] In the ultrasonic diagnostic equipment described
above, the ultrasonic probes described in Embodiments 1 to 4
are used as the ultrasonic probe 1. According to such an
ultrasonic diagnostic equipment, the effects of the ultrasonic
probes described in Embodiments 1 to 4 can be obtained,
whereby excellent ultrasonic diagnostic images can be
obtained efficiently.

[0087] Embodiments 1 to 4 explain the ultrasonic trans-
ducer body 3 in which a plurality of piezoelectric transducers
are arranged in a convex shape. However, the present inven-
tion is not limited to this case. For example, the ultrasonic
transducer body 3 may be one in which the plurality of piezo-
electric transducers are arranged in a flat linear shape, and
may be one composed of one piezoelectric transducer, not the
plurality of piezoelectric transducers. The number and the
arrangement of the piezoelectric transducers possessed by the
ultrasonic transducer body 3 are not limited.

INDUSTRIAL APPLICABILITY

[0088] The ultrasonic probe according to the present inven-
tion has an effect of increasing reliability by suppressing the
resonance of a belt, and therefore, is useful in medical fields
such as an ultrasonic diagnosis, a treatment and the like.

DESCRIPTION OF REFERENCE NUMERALS

[0089] 1, 1c ultrasonic probe

[0090] 2, 25, 2¢, 2d motion transmission mechanism
[0091] 3 ultrasonic transducer body

[0092] 4 swing shaft

[0093] 5 swing shaft pulley

[0094] 6 motor

[0095] 7 output shaft

[0096] 8 output shaft pulley

[0097] 9,95, 9d, 22, 26 belt

[0098] 10 through hole

[0099] 11,12, 23,27 belt fixing screw

[0100] 13a, 135, 14a, 145, 22, 26 pulley fastening screw
[0101] 15a, 15b, 164, 16b screw hole

[0102] 17,17b, 17d first region

[0103] 18, 185, 184 second region
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[0104] 19 intermediate shaft

[0105] 20 first intermediate shaft pulley

[0106] 24 second intermediate shaft pulley

[0107] 28, 29 screw hole filler

[0108] 31 ultrasonic diagnostic equipment

[0109] 32 ultrasonic diagnostic equipment main body

1. An ultrasonic probe, comprising:

an ultrasonic transducer body transmitting and receiving

an ultrasonic wave;

a swing shaft attached integrally to the ultrasonic trans-

ducer body;

a swing shaft pulley provided on the swing shafft;

a motor having an output shaft;

an output shaft pulley provided on the output shaft;

a belt wound around the swing shaft pulley and the output

shaft pulley; and

a plurality of belt fixing screws fixing the belt to the swing

shaft pulley and the output shaft pulley,

wherein the belt is divided into two regions at the belt fixing

screws so as to allow the regions to have different natural
frequencies.

2. An ultrasonic probe, comprising:

an ultrasonic transducer body transmitting and receiving

an ultrasonic wave;

a swing shaft attached integrally to the ultrasonic trans-

ducer body;

a swing shaft pulley provided on the swing shaft;

a motor having an output shaft;

an output shaft pulley provided on the output shaft;

an intermediate shaft provided rotatably;

a first intermediate shaft pulley and a second intermediate

shaft pulley provided on the intermediate shaft;

afirst belt wound around the swing shaft pulley and the first

intermediate shaft pulley;

a second belt wound around the second intermediate shaft

pulley and the output shaft pulley; and

a plurality of belt fixing screws fixing the first belt and the

second belt to their respective pulleys,

wherein each of the first belt and the second belt is divided

into two regions at the belt fixing screws so as to allow
the regions to have different natural frequencies.

3. The ultrasonic probe according to claim 1, wherein the
two regions in the belt have different natural frequencies by
differentiating a material weight of the regions.

4. The ultrasonic probe according to claim 3, further com-
prising a pulley fastening screw that fixes each of the pulleys
to the shaft to which the pulley is attached,

wherein the pulley fastening screw is inserted completely

in a screw hole, and

a screw hole filler is placed over the pulley fastening screw

so as to fill the screw hole.

5. The ultrasonic probe according to claim 3, wherein the
two regions in the belt have different natural frequencies by
forming a through hole in one of the regions.

6. The ultrasonic probe according to claim S, wherein a
cross belt configuration is formed by passing the other region
through the through hole.
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7. The ultrasonic probe according to claim 5, further com-
prising a pulley fastening screw that fixes each of the pulleys
to the shaft to which the pulley is attached, at a portion of the
pulley where the through hole is positioned when the pulley
rotates.

8. The ultrasonic probe according to claim 7,

wherein the pulley fastening screw is inserted completely

in a screw hole, and

a screw hole filler is placed over the pulley fastening screw

so as to fill the screw hole.

9. The ultrasonic probe according to claim 1,

wherein a pulley fastening screw that fixes each of the

pulleys to the shaft to which the pulley is attached is
inserted in a bottom of a screw hole of the belt fixing
screw.

10. The ultrasonic probe according to claim 7, wherein a
width of each of the pulleys is the same as a width of the belt.

11. An ultrasonic diagnostic equipment, comprising:

the ultrasonic probe according to claim 1; and

an ultrasonic diagnostic equipment main body connected

electrically to the ultrasonic probe.

12. The ultrasonic probe according to claim 2, wherein the
two regions in the belt have different natural frequencies by
differentiating a material weight of the regions.

13. The ultrasonic probe according to claim 12, further
comprising a pulley fastening screw that fixes each of the
pulleys to the shaft to which the pulley is attached,

wherein the pulley fastening screw is inserted completely

in a screw hole, and

a screw hole filler is placed over the pulley fastening screw

so as to fill the screw hole.

14. The ultrasonic probe according to claim 12, wherein the
two regions in the belt have different natural frequencies by
forming a through hole in one of the regions.

15. The ultrasonic probe according to claim 14, wherein a
cross belt configuration is formed by passing the other region
through the through hole.

16. The ultrasonic probe according to claim 15, further
comprising a pulley fastening screw that fixes each of the
pulleys to the shaft to which the pulley is attached, at a portion
of the pulley where the through hole is positioned when the
pulley rotates.

17. The ultrasonic probe according to claim 16,

wherein the pulley fastening screw is inserted completely

in a screw hole, and

a screw hole filler is placed over the pulley fastening screw

so as to fill the screw hole.

18. The ultrasonic probe according to claim 2, wherein a
pulley fastening screw that fixes each of the pulleys to the
shaft to which the pulley is attached is inserted in a bottom of
a screw hole of the belt fixing screw.

19. The ultrasonic probe according to claim 16, wherein a
width of each of the pulleys is the same as a width of the belt.

20. An ultrasonic diagnostic equipment, comprising:

the ultrasonic probe according to claim 2; and

an ultrasonic diagnostic equipment main body connected

electrically to the ultrasonic probe.

* * * #* ok
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