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(57) ABSTRACT

A technology, wherein unstable operation of the ultrasonic
motor is prevented, when the ultrasonic motor is driven at
the lower speed out of at least two types of speeds, and life
extension is attempted, is disclosed, and according to this
invention, when the ultrasonic motor 3 is driven at a
comparatively low-speed during normal driving, unstable
operation due to driving at a comparatively low-speed can
be prevented and life extension can be attempted by driving
the ultrasonic motor at a comparatively high-speed every
predetermined period of time.
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ULTRASONIC MOTOR DRIVING DEVICE AND
ULTRASONIC DIAGNOSIS APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic motor
driving device for driving an ultrasonic motor.

[0002] The present invention also relates to an ultrasonic
diagnostic device for obtaining three-dimensional images by
scanning sonic elements by driving an ultrasonic motor.

BACKGROUND ART

[0003] An ultrasonic motor generally has a construction
such as that described in Patent Reference 1, below. Here-
after, this construction is explained, with reference to the
rough cross-sectional diagram shown in FIG. 7. In this
example, stator 52 and rotor 53 are constructed such as to be
pressurized by spring 54 and appressed. The surface of stator
52 which is in contact with rotor 53 is formed as a pectinate,
and piezoelectric ceramic 51 is provided on the surface on
the opposite side thereof. In a construction as such, traveling
wave is generated in piezoelectric ceramic 51 when ultra-
sonic wave is impressed thereto, and this traveling wave is
transmitted to rotor 53 via the pectinate surface and the rotor
53 rotates in the direction of the traveling wave (straight
forward movement in case of linear motor). Although, the
zoom lens of a camera is common as a use of the ultrasonic
motor, the rotor 53 is rotationally-driven at a comparatively
high speed (for example, 40 rpm) when utilized for such
uses.

Patent Reference 1: Japanese Patent Application Publication
H2-261077

[0004] Incidentally, generally, in three-dimensional ultra-
sonic diagnostic devices, by rotating an arc-shaped sonic
element in a direction orthogonal to the arc direction within
an ultrasonic probe and scanning, a three-dimensional image
in the arc direction of the sonic element, the scanning
direction due to rotation, and the depth direction, can be
obtained. In addition, although, in recent years, the ultra-
sonic motor has been utilized as a driving means for rotating
sonic elements, the rotor 53 is rotationally-driven at a
comparatively low speed (for example, 10 rpm or less) when
utilized for such uses.

[0005] However, if the ultrasonic motor is driven for a
long period of time at a comparatively low speed, problems
occur in that, roughness occurs on the pectinate surface of
stator 52, on the side in contact with rotor 53, and in
addition, a stable operation can no longer be attained
because the fine particles of this stator 52 are transferred to
the contact surface of the rotor 53, and life is shortened.
Furthermore, in an ultrasonic diagnostic device utilizing this
ultrasonic motor, a three-dimensional image cannot be
obtained because stable operation can no longer be attained.

DISCLOSURE OF THE INVENTION

[0006] In light of the foregoing issues. an object of the
present invention is to provide an ultrasonic motor driving
device which prevents unstable operation when the ultra-
sonic motor is driven at a low speed, out of at least two types
of speeds, and aims to extend life.

[0007] The object of the present invention is to also
provide an ultrasonic diagnostic device which prevents
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unstable operation of the ultrasonic motor without affecting
diagnostic operation by the user and aims to extend life.

[0008] In order to achieve the foregoing objects, the
present invention, in an ultrasonic motor driving device for
driving an ultrasonic motor,

[0009] has a speed control means for driving the ultrasonic
motor at at least two types of speeds and

[0010] has a construction characterized by driving ata low
speed, the slower out of the two types of speeds, during
normal drive.

[0011] Through the forgoing construction, unstable opera-
tion can be prevented when the ultrasonic motor is driven at
the lower speed out of at least two types of speeds and life
extension can be attempted.

[0012] In addition, in order to achieve the foregoing
objects, the present invention, in an ultrasonic diagnostic
device for obtaining three-dimensional images by scanning
sonic elements by driving an ultrasonic motor, has a con-
struction, wherein

[0013] whether or not the ultrasonic motor was driven for
a predetermined period of time, at the lower speed out of at
least two types of speeds, when the power switch of the
ultrasonic diagnostic device has been turned OFF, is deter-
mined, and if it was driven, the ultrasonic motor is driven at
the higher speed out of at least two types of speeds, for an
arbitrarily set period of time.

[0014] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

[0015] In addition, in order to achieve the foregoing
objects, the present invention, in an ultrasonic diagnostic
device for obtaining three-dimensional images by scanning
sonic elements by driving an ultrasonic motor, has a con-
struction, has a construction, wherein

[0016] whether or not the ultrasonic motor was driven for
a predetermined period of time, at the lower speed out of at
least two types of speeds, when the screensaver of the
monitor which shows the three-dimensional image has been
turned ON, is determined, and if it was driven, the ultrasonic
motor is driven at the higher speed out of at least two types
of speeds.

[0017] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

[0018] In addition, in order to achieve the foregoing
objects, the present invention, in an ultrasonic diagnostic
device for obtaining three-dimensional images by scanning
sonic elements by driving an ultrasonic motor, has a con-
struction, has a construction, wherein

[0019] whether or not the ultrasonic motor was driven for
a predetermined period of time, at the lower speed out of at
least two types of speeds, is determined when the power
switch is turned ON for the first time within one day, and if
it was driven, the ultrasonic motor is driven at the higher
speed out of at least two types of speeds.
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[0020] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

[0021] In addition, in order to achieve the foregoing
objects, the present invention, in an ultrasonic diagnostic
device for obtaining three-dimensional images by scanning
sonic elements by driving an ultrasonic motor, has a con-
struction, has a construction, wherein

[0022] the user is asked whether or not the driving func-
tion in the lower speed out of at least two types of speeds
should be turned on, by driving the ultrasonic motor at the
higher speed out of at least two types of speeds, when the
ultrasonic motor is driven for a predetermined period of time
at the lower speed out of at least two types of speeds, and if
the user selects this function, a means for turning on this
function is provided.

[0023] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

[0024] According to the present invention, unstable opera-
tion of the ultrasonic motor can be prevented when the
ultrasonic motor is driven at the lower speed out of at least
two types of speeds and life extension can be attempted.

[0025] In addition, according to other embodiments of the
present invention, unstable operation of the ultrasonic motor
can be prevented without affecting the diagnostic operations
by the user and life extension can be attempted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1A is an internal configuration diagram of an
ultrasonic probe according to the present invention, viewed
from the side;

[0027] FIG. 1B is a an internal configuration diagram of
the ultrasonic probe according to the present invention when
viewed from the front;

[0028] FIG. 2 is a block diagram showing an ultrasonic
diagnosis device according to the present invention;

[0029] FIG. 3 is a flowchart explaining the processing of
the ultrasonic diagnosis device according to a first embodi-
ment of the present invention;

[0030] FIG. 4 is a flowchart explaining the processing of
the ultrasonic diagnosis device according to a second
embodiment of the present invention;

[0031] FIG. 5 is a flowchart explaining the processing of
the ultrasonic diagnosis device according to a third embodi-
ment of the present invention;

[0032] FIG. 6 is a flowchart explaining the processing of
the ultrasonic diagnosis device according to a fourth
embodiment of the present invention; and

[0033] FIG. 7 is an explanatory diagram showing a rota-
tion-type as an example of the operational principles of an
ultrasonic motor.

BEST MODE FOR CARRYING OUT THE
INVENTION
[0034] Descriptions are hereinafter given of the embodi-
ments of the present invention, with reference to the draw-
ings.

Nov. 9, 2006

[0035] FIG. 1A shows the internal configuration of an
ultrasonic probe 1 according to the present invention when
viewed from the side, and FIG. 1B shows the internal
configuration of the ultrasonic probe 1 when viewed from
the front. In FIG. 1A and FIG. 1B, the ultrasonic probe 1 is
connected to an ultrasonic diagnostic device main unit 10,
shown in FIG. 2, via cable, such as to enable connection and
detachment. In the inner part which is separated from the
outer part by window 5 at the tip of the ultrasonic probe 1,
an arc-shaped sonic element 2 is supported by an ultrasonic
motor (M) 3, such as to enable back and forth rotation within
coupling fluid 6 in the direction perpendicular to the arc
direction. Ultrasonic motor 3 is driven by providing driving
electrical power from the ultrasonic diagnostic device main
unit 10, shown in FIG. 2, via an ultrasonic motor driving
device 4 which contain a speed control means 7. Then, as
shown in FIG. 2, the output of sonic element 2 is transmitted
to the ultrasonic diagnostic device main unit 10, processed
by an image processing part 11 into a three-dimensional
image in the arc direction, scanning direction and depth
direction of the sonic element 2, and this three-dimensional
image is shown on monitor 13.

[0036] Here, when an ultrasonic motor, such as that shown
in FIG. 7, is driven at a comparatively low speed (for
example, 10 rpm or less), problems occur in that, roughness
occurs on the pectinate surface of stator 52, on the side in
contact with rotor 53, and in addition, a stable operation can
no longer be attained because the fine particles of this stator
52 are transferred to the contact surface of the rotor 53, and
life is shortened. The reason for this is thought to be because
the surface of the stator 52 on the side in contact with rotor
53 is formed as a pectinate and stator 52 and rotor 53 are
appressed, in order to transmit the traveling wave generated
in stator 52 to rotor 53.

[0037] Incidentally, it has been found that, if an ultrasonic
motor which cannot be stably operated is rotated at a
comparatively high speed (for example, 40 rpm), the rough-
ness of the pectinate surface of stator 52 and the contact
surface of rotor 53 can be improved, such as to return to the
original state, and rotation becomes normal. The reason for
this is thought to be because an abrasive effect on the
foregoing contact surface occurs due to high-speed rotation,
reducing the roughness, and additionally, fine particles are
released into the grooves between the teeth of the comb.
Thus, the present invention has a speed control means 7 for
driving the ultrasonic motor by switching between at least
two types of speeds, and when operating the ultrasonic
motor, if a comparatively low-speed normal operation is
performed for a predetermined period of time, a compara-
tively high-speed operation (hereinafter, treatment) is per-
formed. Although speed control means 7 is provided within
the ultrasonic probe 1 in FIG. 1A and FIG. 1B, it can also
be provided within ultrasonic diagnostic device main unit
10.

First Embodiment

[0038] FIG. 3 is a flowchart showing an embodiment
applied to the ultrasonic diagnostic device shown in FIG.
1A, FIG. 1B. and FIG. 2, as one example, and the operation
of a main system 14 of the ultrasonic diagnostic device main
unit 10. Incidentally, if the device-side performs a treatment
on its own while the user is performing an ultrasonic
diagnosis, this interferes with the diagnosis. Therefore, in a
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first embodiment, under the premise that the user is not
performing a diagnosis, the speed control means 7 switches
and controls the speed from low-speed to high-speed when
the user has turned the power SW off, and the treatment is
performed.

[0039] InFIG. 3, first, the power SW (unillustrated) of the
ultrasonic diagnostic device main unit 10 is turned ON (step
S1), a state enabling ultrasonic diagnosis is entered; further-
more, when 3D mode SW (unillustrated) is turned ON (Y in
step S2), ultrasonic diagnosis in 3D mode begins, ultrasonic
motor 3 is ON, and the timer starts (step S3). Next, whether
or not the 3D mode SW has been turned OFF is determined
(step S4), and if it is not OFF, ultrasonic diagnosis in 3D
mode is continued (step S4—=S3); on the other hand, if 3D
mode SW is turned OFF (step S4—S5), the timer is turned
OFF, and the amount of time the ultrasonic diagnosis was
performed is recorded. This timer records the cumulative
time ultrasonic diagnosis was performed. If ultrasonic diag-
nosis in 3D mode completed and the power SW of the
ultrasonic diagnostic device is subsequently turned OFF
(step S5), treatment is performed (step S6 S7), the timer is
reset (step S8), and power supply to the ultrasonic diagnostic
device is turned OFF (step S9), only when the cumulative
time recorded by the timer exceeds a predetermined period
of time (for example 90 minutes). If the cumulative time
recorded by the timer does not exceed a predetermined
period of time (step S6—=S9), power supply to the ultrasonic
diagnostic device is turned OFF (step S9) without perform-
ing treatment.

[0040] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

Second Embodiment

[0041] Next, a second embodiment is described with ref-
erence to FIG. 4. In the second embodiment, under the
premise that the user is not performing a diagnosis, treat-
ment is performed when the screensaver function of monitor
13 is in operation. In FIG. 4, first, the power SW (unillus-
trated) of the ultrasonic diagnostic device main unit 10 is
turned ON (step S1); furthermore, when 3D mode SW
(unillustrated) is turned ON (Y in step S2), ultrasonic
diagnosis in 3D mode begins, ultrasonic motor 3 is ON, and
the timer starts (step S3). Next, whether or not the screen-
saver has been turned ON is determined (step S4a), and if it
is not ON, ultrasonic diagnosis in 3D mode is continued
(step S4a—S3); on the other hand, if the screensaver is
turned ON, it is determined whether or not the predeter-
mined period of time elapsed on the timer (step S4a—S6).
Then, if the predetermined period of time has elapsed,
treatment is performed (step S7), the timer is reset (step 8),
and subsequently, the processing returns to step S4a. This
predetermined period of time can be determined based on
experiments or can be set arbitrarily by the user, within a
range which does not affect the diagnostic operation, by
providing a setting input means.

[0042] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user, even if it is
in the middle of a day, and life extension can be attempted.
The time remaining until the completion of a treatment or a
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warning display can be shown by numbers or an indicator.
If the screensaver is terminated, the treatment can be forc-
ibly terminated, or the user can be urged to wait by display-
ing the time until treatment completion.

Third Embodiment

[0043] Next, a third embodiment is described with refer-
ence to FIG. 5. In the third embodiment, treatment is
performed immediately after the user has turned the power
SW ON for the first time within one day. In FIG. 5, first,
when the power SW (unillustrated) of the ultrasonic diag-
nostic device main unit 10 is turned ON (Y in step 11), it is
determined whether or not the previous power SW OFF was
today, or in other words, whether or not it was yesterday or
before (step S12). Then, if the previous power SW OFF was
yesterday or before, it is determined whether or not treat-
ment was previously performed (step S12—S13), and if it
was not performed, treatment is performed (step S13—S14).
The determination step of step S13 can be omitted, and
treatment can be performed unconditionally when the user
has turned the power SW ON for the first time within one
day.

[0044] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

Fourth Embodiment

[0045] Next, a fourth embodiment is described with ref-
erence to FIG. 6. If the ultrasonic diagnostic device-side
performs the treatment (high-speed rotation), diagnosis can-
not be performed until the treatment is completed. There-
fore, in the fourth embodiment, when it is time for treatment,
the user is asked, beforehand, whether or not treatment
should be performed, for example, by showing “perform”/
“do not perform” treatment [a display part (lamp) can be
provided in the probe main unit, or can be shown on the
main unit display part] (step S21—-S822), and treatment is
performed (step S23) only when the user selects “perform”.

[0046] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

Fifth Embodiment

[0047] Incidentally, in the ultrasonic diagnostic device, a
plurality of ultrasonic probes 1 can be connected to the
ultrasonic diagnostic device main unit 10, and the user
generally selects and uses one out of these. Therefore,
treatment can be preformed on ultrasonic probes 1 which are
not in use.

[0048] Through the foregoing construction, unstable
operation of the ultrasonic motor can be prevented without
affecting the diagnostic operations by the user and life
extension can be attempted.

INDUSTRIAL APPLICABILITY

[0049] According to the present invention, unstable opera-
tion of the ultrasonic motor can be prevented, when the
ultrasonic motor is driven at the lower speed out of at least
two types of speeds, and life extension can be attempted.
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1. An ultrasonic motor driving device for driving an
ultrasonic motor, comprising:

a speed control means for driving the ultrasonic motor at
at least two types of speeds: and which

drives at a low speed, the slower out of the two types of
speeds, during normal drive.
2. An ultrasonic diagnostic device for obtaining three-
dimensional images by scanning sonic elements by driving
an ultrasonic motor, wherein:

whether or not the ultrasonic motor was driven for a
predetermined period of time, at the lower speed out of
at least two types of speeds, when the power switch of
the ultrasonic diagnostic device has been turned OFF, is
determined, and if it was driven, the ultrasonic motor is
driven at the higher speed out of at least two types of
speeds, for an arbitrarily set period of time.

3. An ultrasonic diagnostic device for obtaining three-

dimensional images by scanning sonic elements by driving
an ultrasonic motor, wherein:

whether or not the ultrasonic motor was driven for a
predetermined period of time, at the lower speed out of
at least two types of speeds, when the screensaver of
the monitor which shows the three-dimensional image
has been turned ON, is determined, and if it was driven,
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the ultrasonic motor is driven at the higher speed out of
at least two types of speeds.

4. An ultrasonic diagnostic device for obtaining three-
dimensional images by scanning sonic elements by driving
an ultrasonic motor, wherein:

whether or not the ultrasonic motor was driven for a
predetermined period of time, at the lower speed out of
at least two types of speeds, is determined when the
power switch is turned ON for the first time within one
day, and if it was driven, the ultrasonic motor is driven
at the higher speed out of at least two types of speeds.

5. An ultrasonic diagnostic device for obtaining three-
dimensional images by scanning sonic elements by driving
an ultrasonic motor, wherein:

the user is asked whether or not the driving function in the
lower speed out of at least two types of speeds should
be turned on, by driving the ultrasonic motor at the
higher speed out of at least two types of speeds, when
the ultrasonic motor is driven for a predetermined
period of time at the lower speed out of at least two
types of speeds, and if the user selects this function, a
means for turning on this function is provided.
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