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Description

BACKGROUND OF THE INVENTION

1 Technical Field of the Invention

[0001] The present invention relates generally to an
ultrasonic probe according to the preamble of claim 1
which is used in, for example, medical applications to
radiate an ultrasonic wave for inspecting the interior of a
patient’s body noninvasively, and more particularly to an
improved structure of a scan mechanism of an ultrasonic
probe designed to rotate a piezoelectric element emitting
the ultrasonic wave.

2 Background Art

[0002] An ultrasonic probe according to the preamble
of claim 1 is known from US 4 841 979 A.
[0003] Japanese Patent First Publication No.
5-337108 teaches a scan mechanism for an ultrasonic
probe. The scan mechanism includes a rotor having a
piezoelectric element installed thereon and two electric
motors one of which rotates the piezoelectric element
about a first axis and other of which swings the piezoe-
lectric element about a second axis perpendicular to the
first axis.
[0004] The scan mechanism is, however, complex and
bulky in structure and encounters the drawback in that it
is difficult to use the ultrasonic probe in a small cavity of
a person’s body, for example.

SUMMARY OF THE INVENTION

[0005] It is therefore a principal object of the present
invention to avoid the disadvantages of the prior art.
[0006] It is another object of the present invention to
provide a simple, lightweight, and inexpensive structure
of a scan mechanism of an ultrasonic probe designed to
rotate a piezoelectric element emitting an ultrasonic
wave.
[0007] According to the invention, there is provided an
ultrasonic probe which comprises the features of claim 1.
[0008] The rotating mechanism may include a holding
member angular position measuring encoder designed
to measure an angular position of the holding member.
[0009] The holding member angular position measur-
ing encoder may include a first encoder unit and a second
encoder unit each of which is made of a magnetic mem-
ber and a magnetoresistive element. The first encoder
unit is designed to measure a change in angular position
of the holding member by rotation about the first axis.
The second encoder unit is designed to measure a prese-
lected reference angular position of the holding member.
[0010] The rotating mechanism includes a holding
member rotating electric motor rotating the holding mem-
ber made of a rotary cylinder, a conductive cylinder ar-
ranged in alignment of a central axis with a central axis

of the rotary cylinder, and a conductive brush installed
on the rotary base in contact with the conductive cylinder.
[0011] The swinging mechanism may include a rotary
base swinging electric motor, an motor angular position
measuring encoder measuring an angular position of the
rotary base swinging electric motor, and a gear train
transmitting output torque of the rotary base swinging
electric motor to the rotary base to swing the rotary base.
[0012] The swinging mechanism may alternatively in-
clude a voice coil motor and a rotary base angular posi-
tion measuring encoder which measures an angular po-
sition of the rotary base. The voice coil motor is imple-
mented by a magnet installed on one of the rotary base
and the chassis and an electric coil installed on the other
of the rotary base and the chassis.
[0013] A holding mechanism may also be provided
which is designed to hold the rotary base on the chassis.
[0014] A second piezoelectric element may further be
installed on the holding member which produces an ul-
trasonic wave having the same frequency of that pro-
duced by the piezoelectric element.
[0015] The second piezoelectric element may alterna-
tively be designed to produce an ultrasonic wave having
a frequency different from that produced by the piezoe-
lectric element.
[0016] A magnetoresistive element may also be pro-
vided which is responsive to a change in magnetic flux
produced by the magnetic member of the second encod-
er to provide a signal indicative of a neutral position of
the holding member in swinging motion of the holding
member.
[0017] An array of magnetoresistive elements may al-
so be installed on the chassis. Each of the magnetore-
sistive element is responsive to a change in magnetic
flux produced by the magnetic member of the second
encoder to provide a signal indicative thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will be understood more
fully from the detailed description given hereinbelow and
from the accompanying drawings of the preferred em-
bodiments of the invention, which, however, should not
be taken to limit the invention to the specific embodiments
but are for the purpose of explanation and understanding
only.
[0019] In the drawings:

Fig. 1 a cutaway perspective view which shows an
ultrasonic probe according to the first embodiment
of the invention;
Fig. 2 is a perspective view which shows a rotor mo-
tor installed in the ultrasonic probe of Fig. 1;
Fig. 3(a) is a side view which shows a side of the
rotor motor of Fig. 2;
Fig. 3(b) is a side view which shows a side of the
rotor motor opposed to Fig. 3(a);
Fig. 4 is a sectional view which shows an internal
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structure of the rotor motor of Fig. 2;
Fig. 5 is an illustration which shows output signals
from an encoder measuring an angular position of a
piezoelectric element;
Fig. 6 is a perspective view which shows a rotor mo-
tor according to another example;
Fig. 7 is a perspective view which shows a rotor mo-
tor according to a further example;
Fig. 8(a) is a partially sectional view which shows a
lock mechanism used in the rotor motor of Fig. 7;
Fig. 8(b) is a partially sectional view which shows a
side of the lock mechanism opposed to Fig. 8(a);
Fig. 9 is a partially sectional view which shows a rotor
motor according to the second embodiment of the
invention;
Fig. 10 is a partially sectional view which shows a
rotor motor according to the third embodiment of the
invention;
Fig. 11 is an illustration which shows a measurement
range of an ultrasonic probe of the third embodiment
of the invention;
Fig. 12 is a perspective view which shows a rotor
motor according to the fourth embodiment of the in-
vention;
Figs. 13(a) and 13(b) show waveforms of signals out-
putted from an encoder in the fourth embodiment of
the invention;
Fig. 14 is a perspective view which shows a rotor
motor according to the fifth embodiment of the in-
vention; and
Figs. 15(a) and 15(b) show waveforms of signals out-
putted from an encoder in the fifth embodiment of
the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Referring now to the drawings, wherein like
numbers refer to like parts in several views, particularly
to Fig. 1, there is shown an ultrasonic probe 1 according
to the first embodiment of the invention which may be
employed in an ultrasonic diagnostic system designed
to view the interior of a patient noninvasively.
[0021] The ultrasonic probe 1 includes a rotor motor
2, an electric signal transmitting wire 3, a drive shaft 4,
a second encoder 170 (a first encoder will be described
later), a second electric motor 160 (a first electric motor
will be described later), a motor bracket 15, flexible joint
14, a pipe 5, a joint frame 6, a housing 7, a shaft holder
16, a window 8, and an oil seal 9.
[0022] The rotor motor 2 works to scan an ultrasonic
wave. The second electric motor 160 rotates the drive
shaft 4. The second encoder 170 measures a rotational
angle of the drive shaft 4. The motor bracket 15 supports
the second electric motor 160. The flexible joint 14 trans-
mits the torque output of an output shaft of the second
electric motor 160 to the drive shaft 4. The pipe 5 retains
the rotor motor 2 and covers the drive shaft 4. The joint
frame 6 supports the pipe 5. The housing 7 is fixed on

the joint frame 6. The shaft holder 16 is fixed on the joint
frame 6. The window 8 covers the rotor motor 2 and out-
puts the ultrasonic wave therethrough.
[0023] The inside of the window 8 is filled with a cou-
pling liquid 10 in which the degree of attenuation of the
ultrasonic wave is low. The oil seal avoids leakage of the
coupling liquid 10 from a clearance between the drive
shaft 4 and the pipe 5. For the brevity of illustration, the
window 8, the shaft holder 16, the housing 7, the joint
frame 6,and the pipe 5 are partially cut away in Fig. 1.
[0024] Fig. 2 shows the structure of the rotor motor 2.
For the convenience of illustration, a chassis 11 is par-
tially cut away.
[0025] The rotor motor 2 includes the first electric mo-
tor 110. The first electric motor 110 has an outer cylinder
111 on which magnetic members 121 and 122 are in-
stalled. The magnetic member 121 is, as will be described
later in detail, magnetized to have a given magnetic pat-
tern for measuring an angular change of the outer cylin-
der 111. The magnetic member 122 is magnetized for
determining a reference angular position of the outer cyl-
inder 111. The outer cylinder 111 has formed thereon a
mount 118 for mounting a piezoelectric element 130 and
installed thereon a conductive cylinder 150 in alignment
of the center thereof with an axis of rotation of the outer
cylinder 111. The rotor motor 2 also includes a rotary
base 140 which has formed therein a hole 141 for holding
a central axis of the first electric motor 110 and installed
thereon a magnetoresistive element 123 (i.e., a magne-
toresistor) sensitive to a change in magnetic flux of the
magnetic member 121 of the first encoder 120, a mag-
netoresistive element 124 sensitive to a change in mag-
netic flux of the magnetic member 122 of the first encoder
120, a conductive brush 151, and a first spur gear 142.
On the chassis 11, a second spur gear 143 and a first
bevel gear 144, as shown in Figs. 3(a) and 3(b) are in-
stalled rotatably. The second spur gear 143 meshes with
the first spur gear 142. The first bevel gear 144 is ar-
ranged coaxially with the second spur gear 143 and
meshes with a second bevel gear 145 coupled to the
drive shaft 4. The rotary base 140 has formed thereon
arc-shaped protrusions or rails 146 and 147 which have
a trapezoidal section and slidably engage grooves 12
and 13 formed in the chassis 11 to support the rotary
base 140 so that it may swing.
[0026] Internally, the first electric motor 110, as shown
in a sectional view of Fig. 4, includes an electric coil 112,
permanent magnets 113 and 114, a central shaft 115,
and bearings 116 and 117. The electric coil 112 is at-
tached to the central shaft 115. The bearings 116 and
117 supports the outer cylinder 111 rotatably on the cen-
tral shaft 115. The permanent magnets 113 and 114 are
installed in the outer cylinder 111.
[0027] Fig. 5 shows the waveform of signals outputted
by the first encoder 120. The first encoder 120, as de-
scribed above, consists of a first encoder unit designed
to measure an angular change of the outer cylinder 111
caused by rotation of the outer cylinder 111 and a second
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encoder unit designed to detecting the reference angular
position of the outer cylinder 111. The first encoder unit
is made of the magnetic member 121 and the magne-
toresistive element 123 which is sensitive to the magnetic
pattern provided on the magnetic member 121 to produce
electric signals, as discussed below. Similarly, the sec-
ond encoder unit is made of the magnetic member 122
and the magnetoresistive element 124 which is magnet-
ically responsive to the magnetic member 122 to produce
an electric signal as discussed below. Specifically, the
first encoder 120, as clearly shown in the drawing, out-
puts three signals: angular signals 181 and 182 and a
reference angular signal 183. When the outer cylinder
111 is rotated about the central shaft 115, it will cause
the angular signals 181 and 182 to change in level cycli-
cally as shown in the drawing. A phase difference be-
tween the angular signals 181 and 182 indicates the di-
rection of rotation of the outer cylinder 111. The number
of pulses of each of the angular signals 181 and 182
represents a change in angular position of the outer cyl-
inder 111. The reference angular signal 183 is produced
whenever the second encoder unit reaches a preselected
reference angular position, that is, whenever the mag-
netic member 122 passes the magnetoresistive element
124. The first encoder 120 resets the measured angular
change of the outer cylinder 111 whenever the reference
angular signal 183 is detected. In Fig. 5, the signals 181,
182, and 183 are illustrated as having different signal
levels for convenience, however, these signal levels are,
in fact, identical with each other.
[0028] In operation, an electric signal produced by an
ultrasonic diagnostic system (not shown) is inputted in
the form of a pulse signal to the conductive brush 151
installed on the rotary base 140 of the rotor motor 2
through the wire 3. The conductive brush 151 is in contact
with the conductive cylinder 150 installed on the outer
cylinder 111, so that the electric signal inputted to the
conductive brush 151 is transmitted to the conductive
cylinder 150. The conductive cylinder 150, although not
shown in the drawings, is electrically connected to the
piezoelectric element 130, so that the electric signal in-
putted to the conductive cylinder 150 is further transmit-
ted to the piezoelectric element 130. The piezoelectric
element 130 converts the inputted electric signal into os-
cillations to produce an ultrasonic wave and radiates it
to the outside. If there is a reflective object in a propaga-
tion path of the ultrasonic wave, the ultrasonic wave is
returned to the piezoelectric element 130. The piezoe-
lectric element 130 converts the echo of the ultrasonic
wave into an electric signal and outputs it to the ultrasonic
diagnostic system through the conductive brush 151, the
conductive cylinder 150, and the wire 130. The ultrasonic
diagnostic system converts the input signal into an image
signal using known imaging techniques.
[0029] During the radiation, the ultrasonic wave is
scanned over 360° to produce an ultrasonic tomogram
(i.e., an ultrasonogram) of the object. The scanning is
achieved by energizing the electric coil 112 of the first

electric motor 110 to rotate the outer cylinder 111 about
the central shaft 115 (i.e., the x-axis in Fig. 2), thereby
rotating the piezoelectric element 130. The angular po-
sition of the outer cylinder 111 is measured by the first
encoder 120 to provide an angular position signal to the
ultrasonic diagnostic system as indicating the position of
a scanned portion of the object on the ultrasonic tomo-
gram.
[0030] When it is required to shift the radiation of the
ultrasonic wave (i.e., the scanned area of the object) in
a direction perpendicular to the rotation of the outer cyl-
inder 111, the second electric motor 160 is actuated to
provide torque to the second bevel gear 145 through the
drive shaft 4. The torque is subsequently transmitted to
the first bevel gear 144 and to the first spur bear 142
through the second spur gear 143. The first spur gear
142 is installed on the rotary base 140, so that the rotary
base 140 swings about the x-axis extending, as shown
in Fig. 2, perpendicular to the y-axis along guide paths
defined by slidable engagement of the rails 146 and 147
with the grooves 12 and 13 formed in the chassis 11. The
angular position of the drive shaft 4 is measured by the
second encoder 170 to provide an angular position signal
to the ultrasonic diagnostic system as indicating the an-
gular position of the rotary base 140 on the guide path.
[0031] As apparent from the above discussion, the first
embodiment of the invention provides a simple and small-
sized structure of the rotor motor 2 to enable the ultra-
sonic probe 1 to be constructed which is capable of pro-
ducing an ultrasonic monogram of an object and meas-
ures the angular position of the head of the probe 1 with
high and confidence levels.
[0032] Fig. 6 shows a rotor motor 2A according to an-
other example. The same reference numbers as em-
ployed in the first embodiment refer to the same parts,
and explanation thereof in detail will be omitted here.
[0033] The rotor motor 2A is different from the rotor
motor 2 of the first embodiment only in that the outer
cylinder 111 has installed thereon the first coil 200 con-
nected to the piezoelectric element 130, and the rotary
base 140 has installed thereon the second coil 201 facing
the first coil 200 with a given gap.
[0034] In operation, the ultrasonic diagnostic system
provides a pulse signal of 80V to 200V to the second coil
201 through the wire 3. This causes the magnetic flux of
the second coil 201 to be changed suddenly, thereby
resulting in production of voltage at the first coil 200. The
first coil 200 is, as described above, connected to the
piezoelectric element 130, so that the voltage produced
at the first coil 200 is applied to the piezoelectric element
130, thereby causing pulses to be radiated in the form of
an ultrasonic wave. When the echo of the ultrasonic wave
reaches the piezoelectric element 130, the piezoelectric
element 130 converts the input into an electric signal in
the form of a pulse signal outputs it to the first coil 200,
so that the magnetic flux thereof is changed suddenly,
thereby causing the second coil 201 to produce the volt-
age. The voltage is transmitted to the ultrasonic diagnos-
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tic system through the wire 3 and converted into an image
signal.
[0035] The rotor motor 2A of this example is, as ap-
parent from the above, designed to establish signal trans-
mission between a rotary member and a stationary mem-
ber without mechanical sliding motion, thereby reducing
the wear of parts of the ultrasonic probe.
[0036] Fig. 7 shows a rotor motor 2B according to a
further example. The same reference numbers as em-
ployed in the first embodiment refer to the same parts,
and explanation thereof in detail will be omitted here.
[0037] The rotary base 140, like the first embodiment,
has formed thereon the arc-shaped rails 146 and 147
which engage, as shown in Figs. 8(a) and 8(b), the
grooves 12 and 13 formed in the chassis 11 slidably. The
rotary base 140 has a magnet 210 installed thereon. The
chassis 11 has installed thereon an electric coil 211 which
forms a voice coil motor together with the magnet 210.
The rotary base 140 has disposed thereon a magnetic
member 222 magnetized to have a given magnetic pat-
tern. The chassis 11 has disposed thereon a magnetore-
sistive element 224 which is sensitive to a change in mag-
netic field produced by the magnetic member 222. The
rotary base 140 has also installed thereon a magnetic
member (not shown) which is identical with the magnetic
member 222. The chassis 11 has also installed thereon
a magnetoresistive element (not shown) which is identi-
cal with the magnetoresistive element 224 and which
measures a preselected neutral position of the rotary
base 140 in the swing thereof in the same manner as
that of the first encoder 120 in the first embodiment.
These magnetic members and magnetoresistive ele-
ments form a swing angle measuring encoder. The rotary
base 140 has, as shown in Figs. 8(a) and 8(b), formed
therein a hole 148 into which a lever 301 is inserted to
hold he rotary base 140 in the chassis 11 fixedly. The
lever 301 is urged by a coil spring 302 into constant en-
gagement with the hole 148 and moved out of the en-
gagement by a solenoid 300.
[0038] In operation, when the solenoid 300 is ener-
gized, it will cause the lever 301 to be attracted down-
ward, as viewed in Figs. 8(a) and 8(b), into disengage-
ment from the hole 148, thereby allowing the rotary base
140 to rotate.
[0039] Subsequently, when the coil 211 disposed with-
in a magnetic field produced by the magnet 210 is ener-
gized, it produces a magnetic force. The coil 211 is fixed
on the chassis 11, so that a reactive force is produced
which swing the rotary base 140 along the guide paths
defined by the rails 146 and 147 formed on the rotary
base 140 and the grooves 12 and 13 formed in the chas-
sis 11. The angular position of the rotary base 140
changed by the swing is measured by the swing angle
measuring encoder. When it is required to hold the rotary
base 140 from swinging, the solenoid 300 is deenergized
to urge the lever 301 into engagement with the hole 148
in the rotary base 140 with aid of the spring load of the
coil spring 302 to lock the rotary base 140.

[0040] The structure of this example is designed to
swing the rotary base 140 without use of a gear train as
employed in the previous example, thereby minimizing
the wear of parts working to swing the rotary base 140.
Further, when not in use, the lever 301 is fitted within the
hole 148 formed in the rotary base 140 to lock the rotary
base 140, thereby avoiding undesirable movement of the
rotary base 140 during transportation of the ultrasonic
probe, for example.
[0041] The electric coil 211 and the magnet 210 may
alternatively be disposed on the chassis 11 and the rotary
base 140, respectively.
[0042] Fig. 9 shows a rotor motor 2C according to the
second embodiment of the invention which is different
from the rotor motor 2 of the first embodiment only in that
two piezoelectric elements 130 and 131 are installed on
the outer cylinder 111 which produce oscillations at the
same frequency. Other arrangements are identical, and
explanation thereof in detail will be omitted here.
[0043] The time required for acquiring an ultrasono-
gram of an object is a function of an area and density of
the ultrasonogram. The velocity of ultrasonic wave
traveling through a person’s body is approximately
1530m/s. In imaging of a portion of the person’s body up
to 10cm deep requires, the acquisition of data on one of
sound rays forming an ultrasonogram requires approxi-
mately 131 P s. The acquisition of one ultrasonogram by
picking up the sound rays every 1° requires approximate-
ly 47.16ms. The rotor motor 2C of this embodiment has
the piezoelectric elements 130 and 131 disposed at an
interval of 180°. The simultaneous use of the piezoelec-
tric elements 130 and 131 enables formation of two ul-
trasonograms within 47.16ms.
[0044] The rotor motor 2C may also use more than two
piezoelectric elements for speeding up the acquisition of
ultrasonograms.
[0045] Fig. 10 shows a rotor motor 2D according to the
third embodiment of the invention which is different from
the rotor motor 2 of the first embodiment only in that two
piezoelectric elements 130 and 132 are installed on the
outer cylinder 111 which produce oscillations at different
frequencies. Other arrangements are identical, and ex-
planation thereof in detail will be omitted here.
[0046] When the ultrasonic wave passes through an
object, as the frequency of the ultrasonic wave increases,
the resolution becomes fine, but the degree of attenua-
tion increases. Therefore, the use of ultrasonic wave hav-
ing a higher frequency enables acquisition of a finer ul-
trasonogram, but the distance to an object which allows
an ultrasonogram to be formed decreases. Conversely,
the use of ultrasonic wave having a lower frequency re-
sults in an increase in distance to an object which allows
an ultrasonogram to be formed, but the resolution of the
ultrasonogram decreases. The rotor motor 2D of this em-
bodiment, as described above, uses the piezoelectric el-
ements 130 and 132 producing oscillations having differ-
ent frequencies and is designed to, as shown in Fig. 11,
rotate the outer cylinder 111 in a direction as indicated
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by an arrow 133 to scan an angular area 134 using the
higher frequency piezoelectric element 130 and an an-
gular area 135 using the lower frequency piezoelectric
element 132. Specifically, an ultrasonogram of a nearby
portion of an object is derived by use of an ultrasonic
wave having a higher frequency, thereby increasing the
resolution of the ultrasonogram, while an ultrasonogram,
of a distant portion of the object is derived by use of an
ultrasonic wave having a lower frequency, thereby in-
creasing the distance the ultrasonic wave travels.
[0047] The rotor motor 2D may also use more than two
piezoelectric elements producing oscillations having dif-
ferent frequencies.
[0048] Fig. 12 shows a rotor motor 2E according to the
fourth embodiment of the invention which is different from
the rotor motor 2 of the first embodiment only in that a
magnetroresistive element 400 is installed on the chassis
111 which is magnetically responsive to the magnetic
member 122 to detect a neutral position of the outer cyl-
inder 111 in swing of the rotary base 140 about the y-axis.
Other arrangements are identical, and explanation there-
of in detail will be omitted here.
[0049] Fig. 13(a) shows the waveform of an output sig-
nal of the magnetoresistive element 400 during a 360°
rotation of the outer cylinder 111 when the rotary base
140 is located at a swing angle of zero (i.e., the neutral
position). Fig. 13(b) shows the waveform of an output
signal of the magnetoresistive element 400 during a 360°
rotation of the outer cylinder 111 when the rotary base
140 is swung along the guide paths, as described in the
first embodiment. When the swing angle of the rotary
base 140 is zero (0°), that is, when the rotary base 140
is in the neutral position, a complete rotation of the outer
cylinder 111 causes the magnetic member 122 to pass
the magnetoresistive element 400 disposed on the chas-
sis 11 one time, thereby resulting in, as shown in Fig. 13
(a), a peak output 410 of the magnetoresistive element
400. As the magnetic member 122 approaches the mag-
netoresistive element 400, the value of the peak 410 be-
comes great. When the rotary base 140 is swung from
the neutral position, the magnetic member 122 moves
away from the magnetoresisitve element 400, so that no
peak is, as shown in Fig. 13(b), produced. The measure-
ment of the neutral position of the rotary base 140 is,
thus, achieved by swinging the rotary base 140 and mon-
itoring the value of the peak of an output of the magne-
toresistive element 400.
[0050] Fig. 14 shows a rotor motor 2F according to the
fifth embodiment of the invention which is a modification
of the fourth embodiment in which three magnetoresistive
elements 401, 402, and 403 are so installed on the chas-
sis 11 as to face the magnetic member 122 of the first
encoder 120 used to detect the reference angular posi-
tion of the outer cylinder 111. Other arrangements are
identical with those in the fourth embodiment, and expla-
nation thereof in detail will be omitted here.
[0051] Fig. 15(a) shows waveforms of output signals
of the magnetoresistive elements 401, 402, and 403 dur-

ing a 360° rotation of the outer cylinder 111 when the
rotary base 140 is located at a swing angle of zero (i.e.,
the neutral position). 401A indicates the output of the
magnetoresistive element 401. 402A indicates the output
of the magentoresistive element 402. 403A indicates the
output of the magnetoresistive element 403. Fig. 15(b)
shows waveforms of output signals of the magnetoresis-
tive elements 401, 402, and 403 during a 360° rotation
of the outer cylinder 111 when the rotary base 140 is
swung toward the magnetoresistive element 401 from
the neutral position. 401B indicates the output of the mag-
netoresistive element 401. 402B indicates the output of
the magentoresistive element 402. 403B indicates the
output of the magnetoresistive element 403. Fig. 15(c)
shows waveforms of output signals of the magnetoresis-
tive elements 401, 402, and 403 during a 360° rotation
of the outer cylinder 111 when the rotary base 140 is
swung toward the magnetoresistive element 403 from
the neutral position. 401C indicates the output of the mag-
netoresistive element 401. 402C indicates the output of
the magentoresistive element 402. 403C indicates the
output of the magnetoresistive element 403.
[0052] In operation, the direction of rotation of the outer
cylinder 111 is determined by monitoring the levels of
peaks of the outputs from the magnetoresistive elements
401, 402, and 403. Specifically, when the level of the
peak of the output from the magnetoresistive element
401 is, as indicated by 401B in Fig. 15(b), greater than
those of the magentoresistive elements 402 and 403, it
is determined that the rotary base 140 being swinging
close to the magnetoresistive element 401 from the neu-
tral position. Alternatively, when the level of the peak of
the output from the magnetoresistive element 403 is, as
indicated by 403C in Fig. 15(c), greater than those of the
magentoresistive elements 401 and 402, it is determined
that the rotary base 140 being swinging close to the mag-
netoresistive element 403 from the neutral position.
When the level of the peak of the output from the mag-
netoresistive element 402 is, as indicated by 401A in Fig.
15(a), the greatest of the three, and the levels of the out-
puts of the magnetoresistive elements 401 and 403 are
equal to each other, it is determined that the rotary base
140 is in the neutral position.
[0053] While the present invention has been disclosed
in terms of the preferred embodiments in order to facilitate
better understanding thereof, it should be appreciated
that the scope of the invention is defined by the appended
claims.

Claims

1. An ultrasonic probe comprising:

a piezoelectric element (130) emitting an ultra-
sonic wave and receiving an echo thereof, said
piezoelectric element (130) converting the echo
into an electric signal;
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a holding member (118) holding said piezoelec-
tric element (130);
a rotating mechanism (2) rotating said holding
member (118) about a first axis (x);
a rotary base (140) supporting said rotating
mechanism (2);
a chassis (11) supporting said rotary base (140)
so as to allow said rotary base (140) to swing
about a second axis (y) extending in a direction
different from the first axis (x); and
a swinging mechanism (160, 14, 4, 145, 144,
143, 142, 147, 145, 13, 12) swinging said rotary
base (140),

characterized in that
said rotating mechanism (2) includes a holding mem-
ber rotating electric motor (110) for rotating said hold-
ing member (118) made of a rotary cylinder (111), a
conductive cylinder (150) arranged in alignment of
a central axis with a central axis (115) of the rotary
cylinder (111), and a conductive brush (151) installed
on said rotary base (140) in contact with the conduc-
tive cylinder (150).

Patentansprüche

1. Ultraschallsonde, die umfasst:

ein piezoelektrisches Element (130), das eine
Ultraschallwelle aussendet und ein Echo davon
empfängt, wobei das piezoelektrische Element
(130) das Echo in ein elektrisches Signal um-
wandelt;
ein Halteelement (118), welches das piezoelek-
trische Element (130) hält;
einen Drehmechanismus (2), der das Halte-
element (118) um eine erste Achse (x) dreht;
eine Drehbasis (140), welche den Drehmecha-
nismus (2) trägt;
eine Haltevorrichtung (11), welche die Drehba-
sis (140) so trägt, dass die Drehbasis (140) um
eine zweite Achse (y) schwingen kann, die sich
in eine von der ersten Achse (x) verschiedene
Richtung erstreckt; und
einen Schwingmechanismus (160, 14, 4, 145,
144, 143, 142, 147, 145, 13, 12), welcher die
Drehbasis (140) schwingt,

dadurch gekennzeichnet dass
der Drehmechanismus (2) einen elektrischen Halte-
elementdrehmotor (110) zum Drehen des Halte-
elements (118) aufweist, welcher aus einem Dreh-
zylinder (111), einem leitfähigen Zylinder (150), der
in Ausrichtung einer zentralen Achse mit einer zen-
tralen Achse (115) des Drehzylinders (111) ange-
ordnet ist, und einer leitfähigen Bürste (151) besteht,
die auf der Drehbasis (140) montiert ist und in Kon-

takt mit dem leitfähigen Zylinder (150) steht.

Revendications

1. Sonde à ultrasons, comprenant :

un élément piézoélectrique (130) émettant une
onde ultrasonore et recevant un écho de cette
onde, ledit élément piézoélectrique (130) con-
vertissant l’écho en un signal électrique et ;
un élément de maintien (118) maintenant ledit
élément piézoélectrique (130) ;
un mécanisme de rotation (2) mettant en rotation
ledit élément de maintien (118) autour d’un pre-
mier axe (x) ;
une base rotative (140) supportant ledit méca-
nisme de rotation (2) ;
un châssis (11) supportant ladite base rotative
(140) de manière à permettre à ladite base ro-
tative (140) de basculer autour d’un second axe
(y) s’étendant dans une direction différente du
premier axe (x) ; et
un mécanisme de basculement (160, 14, 4, 145,
144, 143, 142, 147, 145, 13, 12) qui fait basculer
ladite base rotative (140),

caractérisé en ce que
ledit mécanisme de rotation (2) inclut un moteur élec-
trique de mise en rotation d’élément de maintien
(110) pour mettre en rotation ledit élément de main-
tien (118), formé d’un cylindre rotatif (111), d’un cy-
lindre conducteur (150) agencé en alignement d’un
axe central avec un axe central (115) du cylindre
rotatif (111), et d’une brosse conductrice (151) ins-
tallée sur ladite base rotative (140) en contact avec
le cylindre conducteur (150).
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