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(54)  Ultrasonic probe

(57)  Herein disclosed is an ultrasonic probe com-
prising a transducer 2 for transducing an electric signal
into and out of an ultrasonic wave, an electromagnet
motor 3 for rotating the transducer 3, a frame structure
4 for rotatably supporting the electromagnet motor 3, a
brake mechanism 13 for allowing the electromagnet mo-
tor 3 to be braked. The ultrasonic probe thus constructed

can actuate the brake mechanism 13 to brake the elec-
tromagnet motor 3 to prevent the transducer 2 from ro-
tating when the electromagnet motor 3 is stopped and
release the brake mechanism 13 to enable the trans-
ducer 2 to rotate when the electromagnet motor 3 is ro-
tating, thereby protecting the transducer 2 from a large
shock caused by the electromagnet motor 3 especially
when the ultrasonic probe is dropped.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to an ultrasonic
probe for and a method of acquiring a tomographic im-
age and other graphic images to be taken from the in-
ternal organs of a human body by taking advantage of
an ultrasound, and more particularly to an ultrasonic
probe for and a method of acquiring a tomographic im-
age and other graphic images to be used for the diag-
nosis by doctors in the hospitals.

2. Description of the Related Art

[0002] In recent years, there have been developed
and used various kinds of ultrasonic probes which are
designed to probe the internal organs of the human body
to assist the doctors in diagnosing the human body in
the hospitals. Among those ultrasonic probes, there are
two types of ultrasonic probes the first one of which is
constructed to be moved on while being kept in touch
with the human body's skin to probe the solid internal
organs such as livers and pancreas from the outside of
the human body, and the second one of which is inserted
into the hollow internal organs of the human body in-
cluding stomachs, rectums and vaginas to probe the
hollow internal organs of the human body. Both of the
forgoing ultrasonic probes are adapted to emit an ultra-
sonic wave to the targeted portions of the human body
before receiving an ultrasonic wave echoed from the tar-
geted portions of the human body. The ultrasonic wave
is transformed by the ultrasonic probe in a conventional
manner into an electric signal that is processed into a
tomographic image to be displayed on a display unit.
[0003] The ultrasonic wave probe is provided at its
leading end with an ultrasonic wave probe unit compris-
ing a transducer for transducing an electric signal into
and out of an ultrasonic wave, and an electromagnet
motor for rotating the transducer within a predetermined
rotation angle. The ultrasonic wave probe of this type
provided with an ultrasonic wave probe unit as con-
structed in the above is disclosed in a publication such
as for example a Japanese laid-open publication No.
70268/2000.

[0004] The conventional ultrasonic wave probe of this
type, however, encounters such a problem that the
transducer may be rotated unrestrictedly while the elec-
tromagnet motor is stopped to drive to rotate the trans-
ducer, and subject to breakage by a large shock caused
by the electromagnet motor especially when the ultra-
sonic wave probe is dropped resulting from the fact that
the transducer is directly mounted on the electromagnet
motor.

[0005] The present invention is made with a view to
overcoming the previously mentioned drawback inher-
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ent to the conventional ultrasonic wave probe.
SUMMARY OF THE INVENTION

[0006] Itis therefore an object of the presentinvention
to provide an ultrasonic probe which can keep the trans-
ducer from rotating by braking the electromagnet motor
when the electromagnet motor is stopped. This makes
it possible to protect the transducer from a large shock
caused by the electromagnet motor especially when the
ultrasonic wave probe is dropped

[0007] It is another object of the present invention to
provide an ultrasonic probe which can prevent the trans-
ducer from rotating by actuating a brake mechanism
when the electromagnet motor is stopped. This makes
it possible to protect the transducer from a large shock
caused by the electromagnet motor especially when the
ultrasonic probe is dropped.

[0008] According to one aspect of the present inven-
tion, there is provided an ultrasonic probe, comprising:
a housing; a frame structure accommodated in the
housing and held stationary with respect to the housing;
an electromagnet motor rotatably supported by the
frame structure in the housing; a transducer fixedly sup-
ported by the electromagnet motor in the housing to
transduce an ultrasonic wave to and from an electric sig-
nal; a brake mechanism fixedly supported by the frame
structure in the housing and operative to assume a brak-
ing state allowing the electromagnet motor to be braked
and a brake-releasing state allowing the electromagnet
motor to be released from being braked. The above
electromagnet motor is released from being braked by
the brake mechanism when the electromagnet motor is
driven to rotate while the electromagnet motor is braked
by the brake mechanism when the electromagnet motor
is stopped.

[0009] It is desirable that the above frame structure
includes a bottom wall portion and a side wall portion
integrally formed with the bottom wall portion to form a
hollow chamber, and a window cover securely mounted
on the side wall portion of the frame structure to form a
closed chamber having the electromagnet motor re-
ceived therein. The above window cover may be made
of an ultrasonic wave transmission material to have the
transducer transduce the ultrasonic wave to and from
the electric signal.

[0010] The above window cover and the frame struc-
ture are desirably combined to define a hermetically
sealed chamber filling therein a coupling liquid to assist
the transducer in transducing the ultrasonic wave to and
from the electric signal.

[0011] Preferably, the transducer includes a main
body having a top surface, and a plurality of piezoelec-
tric elements arranged on the top surface of the main
body in spaced relationship with each other along the
center axis of the electromagnet motor.

[0012] The piezoelectric elements may be in the form
of a rectangular shape having a short edge extending
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along the center axis of the electromagnet motor.
[0013] Itis desirable thatthe above window cover has
inner and outer surfaces arcuately formed and the main
body of the transducer has an outer surface arcuately
formed in parallel and spaced relationship with the inner
surface of the window cover.

[0014] The electromagnet motor preferably includes
a rotor portion having a center axis and a pair of side
surfaces, and a pair of shaft portions each having a cent-
er axis. The shaft portions may be respectively secured
to the side surfaces with the center axes being respec-
tively in alignment with the center axis of the rotor portion
and rotatably supported by the frame structure.

[0015] Itis desirable that the frame structure includes
a base plate portion, and a pair of stand portions spaced
apart from each other along with the rotation axis of the
electromagnet motor. The electromagnet motor may in-
clude a rotor portion having a center axis and a pair of
side surfaces, and a pair of shaft portions each having
a center axis. The shaft portions may be respectively
secured to the side surfaces with the center axes being
respectively in alignment with the center axis of the rotor
portion and rotatably supported by the frame structure.
The shaft portions may be respectively rotatably sup-
ported by the stand portions of the frame structure.
[0016] The ultrasonic probe thus constructed can pre-
vent the transducer from rotating by braking the electro-
magnet motor when the electromagnet motor is
stopped. This makes it possible to protect the transduc-
er from a large shock caused by the electromagnet mo-
tor especially when the ultrasonic wave probe is
dropped.

[0017] According to the presentinvention, the electro-
magnet motor of the ultrasonic probe has a peripheral
portion formed with a cavity. It is desirable that the brake
mechanism includes a magnetic frame securely mount-
ed on the frame structure and formed with a chamber
therein, an electromagnet coil received in the chamber
of the magnetic frame and partly secured to the mag-
netic frame. The electromagnet coil may be in the form
of a cylindrical hollow shape. The brake mechanism de-
sirably further include an electromagnet shaft partly re-
ceived in the chamber of the magnetic frame in axial
alignment with the electromagnet coil and supported by
the magnetic frame, and a second longitudinal portion
projecting inwardly of the electromagnet coil and the
magnetic frame.

[0018] The electromagnet shaft may have a first lon-
gitudinal portion projecting outwardly of the magnetic
frame. The electromagnet shaft may be axially movable
with respect to the magnetic frame and the electromag-
net coil to assume two operation states consisting of a
first operation state under which the electromagnet shaft
is projected to an extremely projected position with re-
spect to the electromagnet coil and a second operation
state under which the electromagnet shaft is retracted
to an extremely retracted position with respect to the
electromagnet coil. The brake mechanism desirably fur-
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ther include electromagnet shaft urging means for resil-
iently urging the electromagnet shaft toward the first op-
eration state under which the first longitudinal portion of
the electromagnet shaft is partly brought into engage-
ment with the cavity of the electromagnet motor.
[0019] The ultrasonic probe thus constructed can hold
the transducer from rotating by braking the electromag-
net motor when the electromagnet motor is stopped.
This makes it possible to protect the transducer from a
large shock caused by the electromagnet motor espe-
cially when the ultrasonic wave probe is dropped.
[0020] According to the present invention, the above
first longitudinal portion of the electromagnet shaft is in-
tegrally formed with a first flange portion, and the second
longitudinal portion of the electromagnet shaft is inte-
grally formed with a second flange portion, and in which
the electromagnet shaft urging means is constituted by
a helical coil spring disposed to surround the first longi-
tudinal portion of the electromagnet shaft and to have
one end engaged with the first flange portion and the
other end engaged with the electromagnet frame.
[0021] The above electromagnet motor may be oper-
ative to assume a stop position under which the electro-
magnet motor is stopped with respect to the frame struc-
ture with the cavity being in opposing relationship with
the first longitudinal portion of the electromagnet shaft.
The ultrasonic probe according to the present invention
may further comprise electromagnet motor urging
means for resiliently urging the electromagnet motor to-
ward the stop position of the electromagnet motor.
[0022] The above electromagnet motor may be oper-
ative to assume a stop position under which the electro-
magnet motor is stopped with respect to the frame struc-
ture with the cavity being in opposing relationship with
the first longitudinal portion of the electromagnet shaft.
According to the present invention, the ultrasonic probe
may further comprise electromagnet motor urging
means for resiliently urging the electromagnet motor in
the rotation direction of the electromagnet motor toward
the stop position of the electromagnet motor, and elec-
tromagnet motor stopping means for stopping the elec-
tromagnet motor from being rotated over the stop posi-
tion.

[0023] It is desirable that the electromagnet motor
urging means is constituted by a helical coil spring hav-
ing one end secured to the electromagnet motor and the
other end secured to the frame structure, and the elec-
tromagnet motor stopping means is constituted by a pro-
jected pin projecting axially outwardly of the side surface
of the electromagnet motor. The projected pin preferably
has a rotation path on which the projected pin is rotata-
ble together with the electromagnet motor, and a stop
member securely formed on the frame structure to
project to the rotation path of the projected pin to ensure
that the electromagnet motor is resiliently urged by the
helical coil spring and stopped by the projected pin and
the stop member under the stop state under which the
cavity is in opposing relationship with the first longitudi-
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nal portion of the electromagnet shaft.

[0024] Inthe ultrasonic probe according to the present
invention, the electromagnet motor is resiliently urged
toward the stop position by the electromagnet motor
urging means and stopped with respect to the frame
structure with the cavity being opposing relationship
with the first longitudinal portion of the electromagnet
shaft regardless of the current rotation angle of the elec-
tromagnet motor to ensure to prevent the electromagnet
motor from rotating.

[0025] The aforesaid brake mechanism includes a
gear member having a center axis and securely mount-
ed on the side surface of the electromagnet motor with
the center axis being aligned with the center axis of the
electromagnet motor, the gear member having a plural-
ity of teeth equally spaced apart from one another in the
circumferential direction of the gear member, and a plu-
rality of recesses each arranged and disposed between
the adjacent two teeth, a magnetic frame securely
mounted on the frame structure and formed with a
chamber therein, an electromagnet coil received in the
chamber of the magnetic frame and partly secured to
the magnetic frame, the electromagnet coil being in the
form of a cylindrical hollow shape, an electromagnet
shaft partly received in the chamber of the magnetic
frame in axial alignment with the electromagnet coil and
supported by the magnetic frame and in opposing rela-
tionship with the gear member, the electromagnet shaft
having a first longitudinal portion projecting outwardly of
the magnetic frame and a second longitudinal portion
projecting inwardly of the electromagnet coil and the
magnetic frame, the electromagnet shaft being axially
movable with respect to the magnetic frame and the
electromagnet coil to assume two operation states con-
sisting of a first operation state under which the electro-
magnet shaft is projected to an extremely projected po-
sition with respect to the electromagnet coil and a sec-
ond operation state under which the electromagnet
shaft is retracted to an extremely retracted position with
respect to the electromagnet coil, the first longitudinal
portion of the electromagnet shaft having a leading end
portion in the form of a pawl shape, electromagnet shaft
urging means for resiliently urging the electromagnet
shaft toward the first operation state under which the
leading portion of the first longitudinal portion of the
electromagnet shaft is partly brought into meshing en-
gagement with one of the recesses of the gear member.
[0026] In the ultrasonic probe of the third embodiment
according to the present invention, the leading portion
of the electromagnet shaft is movable to be brought into
and out of meshing engagement with one of the recess-
es of the gear member regardless of the current rotation
angle of the electromagnet motor to ensure to prevent
the electromagnet motor from rotating.

[0027] The aforesaid electromagnet motor may in-
clude a rotor portion having a center axis and a pair of
side surfaces, and a pair of shaft portions each having
a center axis, the shaft portions being respectively se-
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cured to the side surfaces with the center axes being
respectively in alignment with the center axis of the rotor
portion and rotatably supported by the frame structure.
[0028] The aforesaid brake mechanism may include
a first electromagnet member securely mounted on the
peripheral wall of the rotor portion of the electromagnet
motor, a magnetic frame securely mounted on the frame
structure and formed with a chamber therein, an elec-
tromagnet coil received in the chamber of the magnetic
frame and partly secured to the magnetic frame, the
electromagnet coil being in the form of a cylindrical hol-
low shape, a second electromagnet member partly re-
ceived in the chamber of the magnetic frame in axial
alignment with the electromagnet coil and supported by
the magnetic frame to be directed toward the first elec-
tromagnet member to ensure that the first and second
electromagnet members repel each other when the
electromagnet coil is energized.

[0029] The aforesaid magnetic frame preferably in-
cludes a bottom wall portion securely mounted on the
frame structure, and a side wall portion integrally formed
with the bottom wall portion, whereby the bottom wall
portion and the side wall portion of the magnetic frame
and the first electromagnet member collectively define
a chamber to receive the electromagnet coil, the bottom
wall portion and the side wall portion of the magnetic
frame and the first electromagnet member is made of a
magnetic substance.

[0030] In the ultrasonic probe thus constructed, the
rotor portion is stopped from rotating regardless of the
current rotation angle of the electromagnet motor to en-
sure to prevent the transducer from rotating. Further-
more, the brake mechanism can be constructed without
mechanical moving parts, thereby improving the per-
formance and reliability of the ultrasonic probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The features and advantages of the ultrasonic
probe according to the present invention will more clear-
ly be understood from the following description taken in
conjunction with the accompanying drawings in which:

FIG. 1 is a cross-sectional view of a first embodi-
ment of the ultrasonic probe according to the
present invention;

FIG. 2 is a cross-sectional view of a transducer
forming part of the ultrasonic probe shown in FIG. 1;
FIG. 3 is a cross-sectional view of the ultrasonic
probe shown in FIG.1 when a brake mechanism is
released;

FIG. 4 is a cross-sectional view of the ultrasonic
probe shown in FIG.1 when the brake mechanism
is actuated,;

FIG. 5 is a fragmentary schematic view of a second
embodiment of the ultrasonic probe according to
the present invention;

FIG. 6A is a fragmentary schematic view of the ul-
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trasonic probe shown in FIG. 5 when a brake mech-
anism is actuated,;

FIG. 6B is a fragmentary cross-sectional view of the
ultrasonic probe shown in FIG. 5;

FIG. 7 is a fragmentary schematic view of a third
embodiment of the ultrasonic probe according to
the present invention;

FIG. 8Ais a fragmentary cross-sectional view of the
ultrasonic probe shown in FIG. 7 when a brake
mechanism is released:

FIG. 8B is a fragmentary cross-sectional view of the
ultrasonic probe shown in FIG. 7 when the brake
mechanism is actuated;

FIG. 9 is a fragmentary cross-sectional view of a
fourth embodiment of the ultrasonic probe accord-
ing to the present invention; and

FIG. 10 is a cross-sectional view of a brake mech-
anism forming part of the ultrasonic probe shown in
FIG. 9.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The embodiments according to the present in-
vention will be described with reference to the drawings
hereinafter.

[0033] Referringto FIGS. 1 to 4 of the drawings, there
is shown a first preferred embodiment of the ultrasonic
probe embodying the present invention. The ultrasonic
probe thus shown in FIG. 1 comprises a housing 5, an
electromagnet motor 3, a frame structure 4, a transduc-
er 2, and a brake mechanism 13.

[0034] The frame structure 4 is accommodated in the
housing 5 and held stationary with respect to the hous-
ing 5. The electromagnet motor 3 is rotatably supported
by the frame structure 4 in the housing 5. The transducer
2 is fixedly supported by the electromagnet motor 3 in
the housing 5 to transduce an ultrasonic wave to and
from an electric signal. The brake mechanism 13 is fix-
edly supported by the frame structure 4 in the housing
5 and operative to assume a braking state allowing the
electromagnet motor 3 to be braked and a brake-releas-
ing state allowing the electromagnet motor 3 to be re-
leased from being braked.

[0035] This means that the electromagnet motor 3 is
released from being braked by the brake mechanism 13
when the electromagnet motor 3 is driven to rotate while
the electromagnet motor 3 is braked by the brake mech-
anism 13 when the electromagnet motor 3 is stopped.
[0036] The housing 5 includes a bottom wall portion
5a and a side wall portion 5b integrally formed with the
bottom wall portion 5a to form a hollow chamber. The
housing 5 further includes a window cover 6 securely
mounted on the side wall portion 5b of the housing 5 to
form a closed chamber having the electromagnet motor
3 received therein. The window cover 6 is made of an
ultrasonic wave transmission material to have the trans-
ducer 2 transduce the ultrasonic wave to and from the
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electric signal.

[0037] The window cover 6 and the frame structure 4
are combined to define a hermetically sealed chamber
filling therein a coupling liquid 7 to assist the transducer
2 in transducing the ultrasonic wave to and from the
electric signal.

[0038] As will be best shown in FIG. 2, the transducer
2 includes a main body 10, 11 having a top surface 11
a, and a plurality of piezoelectric elements 12a to 12n
arranged on the top surface 11a of the main body 10,
11 in spaced relationship with one another along the
center axis 3c of the electromagnet motor 3. The main
body 10, 11 is composed of a frame portion 10 and a
supporting portion 11.

[0039] The piezoelectric elements 12a to 12n are ar-
ranged on the main body 10, 11 of the transducer 2 in
spaced relationship with one another along the center
axis 3c of the electromagnet motor 3. Each of the pie-
zoelectric elements 12a to 12n is in the form of a rec-
tangular shape having a short side extending along the
center axis 3c of the electromagnet motor 3.

[0040] Returning to FIG. 1, the window cover 6 has
inner and outer surfaces arcuately formed and the main
body 10, 11 of the transducer 2 has an outer surface
arcuately formed in parallel and spaced relationship with
the inner surface of the window cover 6.

[0041] The electromagnet motor 3 includes a rotor
portion 3a having a center axis 3c and a pair of side
surfaces 3d, and a pair of shaft portions 3b each having
a center axis. The shaft portions 3b are respectively se-
cured to the side surfaces 3d with the center axes being
respectively in alignment with the center axis 3c of the
rotor portion 3a and rotatably supported by the frame
structure 4.

[0042] The frame structure 4 includes a base plate
portion 4a, and a pair of stand portions 4b spaced apart
from each other along with the rotation axis of the elec-
tromagnet motor 3, and in which the electromagnet mo-
tor 3 includes a rotor portion 3a having a center axis 3c
and a pair of side surfaces 3d, and a pair of shaft por-
tions 3b each having a center axis. The shaft portions
3b are respectively secured to the side surfaces 3d with
the center axes being respectively in alignment with the
center axis 3c of the rotor portion 3a and rotatably sup-
ported by the frame structure 4. The shaft portions 3b
are respectively rotatably supported by the stand por-
tions 4b of the frame structure 4. The electromagnet mo-
tor 3 has a peripheral portion 3a formed with a cavity 18.
[0043] As best shown in FIGS. 3 and 4, the brake
mechanism 13 includes a magnetic frame 15, an elec-
tromagnet coil 14, an electromagnet shaft 16, and elec-
tromagnet shaft urging means 17.

[0044] The magneticframe 15 is securely mounted on
the frame structure 4 and formed with a chamber 15a
therein. The electromagnet coil 14 is received in the
chamber 15a of the magnetic frame 15 and partly se-
cured to the magnetic frame 15. The electromagnet coil
14 is in the form of a cylindrical hollow shape.
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[0045] The electromagnet shaft 16 is partly received
in the chamber 15a of the magnetic frame 15 in axial
alignment with the electromagnet coil 14 and supported
by the magnetic frame 15. The electromagnet shaft 16
has a first longitudinal portion 16a projecting outwardly
of the magnetic frame 15 and a second longitudinal por-
tion 16b projecting inwardly of the electromagnet coil 14
and the magnetic frame 15. The electromagnet shaft 16
is axially movable with respect to the magnetic frame 15
and the electromagnet coil 14 to assume two operation
states consisting of a first operation state under which
the electromagnet shaft 16 is projected to an extremely
projected position with respect to the electromagnet coil
14 and a second operation state under which the elec-
tromagnet shaft 16 is retracted to an extremely retracted
position with respect to the electromagnet coil 14.
[0046] The electromagnet shaft urging means 17 is
adapted to resiliently urge the electromagnet shaft 16
toward the first operation state under which the first lon-
gitudinal portion 16a of the electromagnet shaft 16 is
partly brought into engagement with the cavity 18 of the
electromagnet motor 3.

[0047] The firstlongitudinal portion 16a of the electro-
magnet shaft 16 is integrally formed with a first flange
portion, and the second longitudinal portion 16b of the
electromagnet shaft 16 is integrally formed with a sec-
ond flange portion.

[0048] The electromagnet shaft urging means 17 is
constituted by a helical coil spring 17 disposed to sur-
round the first longitudinal portion 16a of the electro-
magnet shaft 16 and to have one end engaged with the
first flange portion and the other end engaged with the
electromagnet frame 15.

[0049] The description is now directed to the opera-
tion of the ultrasonic probe according to the present in-
vention.

[0050] The brake mechanism 13 is firstly released to
have the electromagnet coil 14 energized to cause a
force of magnetic attraction between the magnetic
frame 15 and the electromagnet shaft 16. Then, the
force of magnetic attraction thus caused moves the
electromagnet shaft 16 toward the direction designated
by arrow A1 against the force of the electromagnet shaft
urging means 17 as shown in FIG. 3. This means that
the electromagnet shaft 16 axially moves with respect
to the magnetic frame 15 and the electromagnet coil 14
to assume the second operation state, i.e., the electro-
magnet shaft 16 is retracted to the extremely retracted
position with respect to the electromagnet coil 14 and
brought out of engagement with the cavity 18 of the elec-
tromagnet motor 3, thereby making it possible for the
rotor portion 3a to unrestrictedly rotate.

[0051] The brake mechanism 13, on the other hand,
is actuated to have the electromagnet coil 14 de-ener-
gized to cease to generate the force of magnetic attrac-
tion between the magnetic frame 15 and the electro-
magnet shaft 16. The electromagnet shaft 16 is then re-
siliently urged toward the direction designated by arrow
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A2 by the electromagnet shaft urging means 17 as
shown in FIG. 4. This means that the electromagnet
shaft 16 axially moves with respect to the magnetic
frame 15 and the electromagnet coil 14 to assume the
first operation state, i.e., the electromagnet shaft 16 is
projected to the extremely projected position with re-
spect to the electromagnet coil 14, and the first longitu-
dinal portion 16a of the electromagnet shaft 16 is partly
brought into engagement with the cavity 18 of the elec-
tromagnet motor 3, thereby making it impossible for the
rotor portion 3a to rotate.

[0052] The ultrasonic probe of the present embodi-
ment can prevent the transducer 2 from rotating by ac-
tuating the brake mechanism 13 when the electromag-
net motor 3 is stopped. The ultrasonic probe thus con-
structed makes it possible to protect the transducer 2
from a large shock caused by the electromagnet motor
3 especially when the ultrasonic probe is dropped.
[0053] In order to attain the objects of the present in-
vention, the above first embodiment of the ultrasonic
probe may be replaced by a second embodiment of the
ultrasonic probe, which will be described hereinlater.
[0054] Referring to FIGS. 5, 6A, and 6B of the draw-
ings, there is shown a second preferred embodiment of
the ultrasonic probe embodying the present invention.
The ultrasonic probe of the second embodiment is sim-
ilar in construction to the first embodiment and thus in-
cludes elements the same in constitution and numeral
reference as those of the ultrasonic probe of the first
embodiment.

[0055] The electromagnet motor 3 is operative to as-
sume a stop position under which the electromagnet
motor 3 is stopped with respect to the frame structure 4
with the cavity 18 being in opposing relationship with the
first longitudinal portion 16a of the electromagnet shaft
16.

[0056] The ultrasonic probe further comprises elec-
tromagnet motor urging means 21 for resiliently urging
the electromagnet motor 3 toward the stop position of
the electromagnet motor 3. This means that the electro-
magnet motor 3 is operative to assume a stop position
under which the electromagnet motor 3 is stopped with
respect to the frame structure 4 with the cavity 18 being
in opposing relationship with the first longitudinal portion
16a of the electromagnet shaft 16

[0057] The ultrasonic probe further comprises elec-
tromagnet motor urging means 21 and electromagnet
motor stopping means 22. The electromagnet motor
urging means 21 is adapted to resiliently urge the elec-
tromagnet motor 3 in the rotation direction of the elec-
tromagnet motor 3 toward the stop position of the elec-
tromagnet motor 3. The electromagnet motor stopping
means 22 is adapted to stop the electromagnet motor 3
from being rotated over the stop position. The electro-
magnet motor urging means 21 is constituted by a hel-
ical coil spring 21 having one end secured to the elec-
tromagnet motor 3 and the other end secured to the
frame structure 4.
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[0058] The electromagnet motor stopping means is
constituted by a projected pin 22 and a stop member 23.
The projected pin 22 is projected axially outwardly of the
side surface 3d of the electromagnet motor 3. The pro-
jected pin 22 has a rotation path on which the projected
pin 22 is rotatable together with the electromagnet motor
3. The stop member 23 is securely formed on the frame
structure 4 to project to the rotation path of the projected
pin 22 to ensure that the electromagnet motor 3 is resil-
iently urged by the helical coil spring 21 and stopped by
the projected pin 22 and the stop member 23 under the
stop state under which the cavity 18 is in opposing re-
lationship with the first longitudinal portion 16a of the
electromagnet shaft 16.

[0059] The description hereinlater is directed to the
operation of the ultrasonic probe according to the
present invention.

[0060] The electromagnet motor 3 is firstly actuated
to have the rotor portion 3a driven to rotate against the
force of the electromagnet motor urging means 21.
[0061] The electromagnet coil 14 is then energized to
have the electromagnet coil 14 generate a force of mag-
netic attraction between the magnetic frame 15 and the
electromagnet shaft 16. The force of magnet attraction
thus generated moves the electromagnet shaft 16
against the force of the electromagnet shaft urging
means 17 to assume the second operation state, i.e.,
the electromagnet shaft 16 is retracted to the extremely
retracted position with respect to the electromagnet coil
14 and brought out of engagement with the cavity 18 of
the electromagnet motor 3, thereby making it possible
for the rotor portion 3a to rotate.

[0062] The electromagnet motor 3, on the other hand,
is de-actuated to have the rotor portion 3a of the elec-
tromagnet motor 3 resiliently urged in the rotation direc-
tion designated by the arrow B toward the stop position
by the electromagnet motor urging means 21 and
stopped with respect to the frame structure 4 with the
cavity 18 being in opposing relationship with the first lon-
gitudinal portion 16a of the electromagnet shaft 16 as
shown in FIG. 5.

[0063] The electromagnet coil 14 is then de-ener-
gized to have the electromagnet coil 14 cease to gen-
erate the force of magnetic attraction between the mag-
netic frame 15 and the electromagnet shaft 16. The elec-
tromagnet shaft 16 is then resiliently urged by the elec-
tromagnet shaft urging means 17 toward the first oper-
ation state, i.e., the first longitudinal portion 16a of the
electromagnet shaft 16 is partly brought into engage-
ment with the cavity 18 of the electromagnet motor 3,
thereby making it impossible for the rotor portion 3a to
rotate as shown in FIGS. 6A and 6B.

[0064] In the ultrasonic probe of the second embodi-
ment, the electromagnet motor 3 is resiliently urged to-
ward the stop position by the electromagnet motor urg-
ing means 21 and stopped with respect to the frame
structure 4 with the cavity 18 being opposing relation-
ship with the first longitudinal portion 16a of the electro-

10

15

20

25

30

35

40

45

50

55

magnet shaft 16 regardless of the current rotation angle
of the electromagnet motor 3 to ensure to prevent the
electromagnet motor 3 from rotating.

[0065] The ultrasonic probe thus constructed makes
it possible to protect the transducer 2 from a large shock
caused by the electromagnet motor 3 especially when
the ultrasonic probe is dropped.

[0066] In order to attain the objects of the present in-
vention, the above second embodiment of the ultrasonic
probe may be replaced by a third embodiment of the
ultrasonic probe, which will be described hereinlater.
[0067] Referring to FIGS. 7, 8A, and 8B of the draw-
ings, there is shown a third preferred embodiment of the
ultrasonic probe embodying the present invention. The
ultrasonic probe of the third embodiment is similar in
construction to the first embodiment and thus includes
elements the same in constitution and numeral refer-
ence as those of the ultrasonic probe of the first embod-
iment.

[0068] In FIGS. 7, 8A, and 8B, the brake mechanism
includes a gear member 31, a magnetic frame 15, an
electromagnet coil 14, an electromagnet shaft 16, and
electromagnet shaft urging means 17.

[0069] The gear member 31 has a center axis and is
securely mounted on the side surface 3d of the electro-
magnet motor 3 with the center axis being aligned with
the center axis 3c of the electromagnet motor 3. The
gear member 31 has a plurality of teeth equally spaced
apart from one another in the circumferential direction
of the gear member 31, and a plurality of recesses each
arranged and disposed between the adjacent two teeth,
[0070] The magnetic frame 15is securely mounted on
the frame structure 4 and formed with a chamber 15a
therein.

[0071] The electromagnet coil 14 is received in the
chamber 15a of the magnetic frame 15 and partly se-
cured to the magnetic frame 15. The electromagnet coil
14 is in the form of a cylindrical hollow shape.

[0072] The electromagnet shaft 16 is partly received
in the chamber 15a of the magnetic frame 15 in axial
alignment with the electromagnet coil 14 and supported
by the magnetic frame 15 in opposing relationship with
the gear member 31. The electromagnet shaft 16 has a
first longitudinal portion 16a projecting outwardly of the
magnetic frame 15 and a second longitudinal portion
16b projecting inwardly of the electromagnet coil 14 and
the magnetic frame 15. The electromagnet shaft 16 is
axially movable with respect to the magnetic frame 15
and the electromagnet coil 14 to assume two operation
states consisting of a first operation state under which
the electromagnet shaft 16 is projected to an extremely
projected position with respect to the electromagnet coil
14 and a second operation state under which the elec-
tromagnet shaft 16 is retracted to an extremely retracted
position with respect to the electromagnet coil 14. The
first longitudinal portion 16a of the electromagnet shaft
16 has a leading end portion 16c in the form of a pawl
shape.
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[0073] The electromagnet shaft urging means 17 is
adapted to resiliently urge the electromagnet shaft 16
toward the first operation state under which the leading
portion 16¢ of the first longitudinal portion 16a of the
electromagnet shaft 16 is partly brought into meshing
engagement with one of the recesses of the gear mem-
ber 31.

[0074] The description hereinlater is directed to the
operation of the ultrasonic probe of the third embodi-
ment.

[0075] The electromagnet motor 3 is actuated to have
the electromagnet coil 14 energized to generate a force
of magnetic attraction between the magnetic frame 15
and the electromagnet shaft 16. Then, the force of mag-
netic attraction thus generated moves the electromag-
net shaft 16 in the direction designated by arrow B1
against the force of the electromagnet shaft urging
means 17 as shown in FIG. 8A. This means that the
electromagnet shaft 16 axially moves with respect to the
magnetic frame 15 and the electromagnet coil 14 to as-
sume the second operation state, i.e., the leading por-
tion 16¢ of the first longitudinal portion 16a of the elec-
tromagnet shaft 16 is retracted to the extremely retract-
ed position with respect to the electromagnet coil 14 and
brought out of meshing engagement with one of the re-
cesses of the gear member 31, thereby making it pos-
sible for the rotor portion 3a to unrestrictedly rotate.
[0076] The electromagnet coil 14, on the other hand,
is de-energized to have the electromagnet coil 14 cease
to generate the force of magnetic attraction between the
magnetic frame 15 and the electromagnet shaft 16. The
force of the electromagnet shaft urging means 17 then
moves the leading portion 16c of the first longitudinal
portion 16a of the electromagnet shaft 16 in the direction
designated by arrow B2 toward the first operation state
as shown in FIG. 8B. This means that the electromagnet
shaft 16 axially moves to assume the first operation
state under which the electromagnet shaft 16 is project-
ed to the extremely projected position, i.e., the first lon-
gitudinal portion 16a of the electromagnet shaft 16 is
partly brought into meshing engagement with one of the
recesses of the gear member 31, thereby making it im-
possible for the rotor portion 3a to rotate as shown in
FIG. 8B.

[0077] In the ultrasonic probe of the present embodi-
ment, the leading portion 16¢ of the electromagnet shaft
16 is movable to be brought into meshing engagement
with one of the recesses of the gear member 31 regard-
less of the current rotation angle of the electromagnet
motor 3 to ensure to prevent the electromagnet motor 3
from rotating when the electromagnet motor 3 is
stopped.

[0078] The ultrasonic probe thus constructed makes
it possible to protect the transducer 2 from a large shock
caused by the electromagnet motor 3 especially when
the ultrasonic probe is dropped.

[0079] In order to attain the objects of the present in-
vention, the above third embodiment of the ultrasonic
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probe may be replaced by a fourth embodiment of the
ultrasonic probe, which will be described hereinlater.
[0080] Referring to FIGS. 9 and 10 of the drawings,
there is shown a fourth preferred embodiment of the ul-
trasonic probe embodying the presentinvention. The ul-
trasonic probe of the fourth embodiment is similar in
construction to the first embodiment and thus includes
elements the same in constitution and numeral refer-
ence as those of the ultrasonic probe of the first embod-
iment.

[0081] In FIGS. 9 and 10, the electromagnet motor 3
includes a rotor portion 3a having a center axis 3c and
a pair of side surfaces 3d, and a pair of shaft portions
3b. Each of the shaft portions 3b has a center axis. The
shaft portions 3b are respectively secured to the side
surfaces 3d with the center axes being respectively in
alignment with the center axis 3c of the rotor portion 3a
and rotatably supported by the frame structure 4.
[0082] The brake mechanism 41 includes a first elec-
tromagnet member 42, a magnetic frame 43, an elec-
tromagnet coil 44, and a second electromagnet member
45 as shown in FIG. 10.

[0083] The first electromagnet member 42 is securely
mounted on the peripheral wall of the rotor portion 3a of
the electromagnet motor 3. The magnetic frame 43 is
securely mounted on the frame structure 4 and formed
with a chamber 43a therein.

[0084] The electromagnet coil 44 is received in the
chamber 43a of the magnetic frame 43 and partly se-
cured to the magnetic frame 43. The electromagnet coil
44 is in the form of a cylindrical hollow shape.

[0085] The second electromagnet member 45 is part-
ly received in the chamber 43a of the magnetic frame
43 in axial alignment with the electromagnet coil 44 and
supported by the magnetic frame 43 to be directed to-
ward the first electromagnet member 42 to ensure that
the first and second electromagnet members 42, 45 re-
pel each other when the electromagnet coil 44 is ener-
gized.

[0086] The magnetic frame 43 includes a bottom wall
portion 43b and a side wall portion 43c. The bottom wall
portion 43b securely mounted on the frame structure 4,
and the side wall portion 43c integrally formed with the
bottom wall portion 43b. The bottom wall portion 43b
and the side wall portion 43c of the magnetic frame 43
and the first electromagnet member 42 collectively de-
fine a chamber 43a to receive the electromagnet coil 44,
the bottom wall portion 43b and the side wall portion 43¢
of the magnetic frame 43. The first electromagnet mem-
ber 42, magnetic frame 43 and the second electromag-
net member 45 are made of a magnetic substance.
[0087] The description hereinlater is directed to the
operation of the ultrasonic probe of the fourth embodi-
ment.

[0088] The electromagnet coil 44 is de-energized to
have the second electromagnet member 45 create a
magnetic flux 46 forming a magnetic circuit among the
magnetic frame 43, the first electromagnet member 42,
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and the second electromagnet member 45 as shown in
FIG. 10. The magnet flux 46 thus created causes a force
of magnetic attraction between the second electromag-
net member 45 and the first electromagnet member 42,
which prevents the rotor portion 3a from rotating.
[0089] The electromagnet coil 44, on the other hand,
is energized to create a magnetic flux 47, which coun-
teracts the magnetic flux 46 as shown in FIG. 10. This
means that the magnetic flux 47 thus created causes a
force of repulsion to permit the second electromagnet
member 45 and the first electromagnet member 42 to
be repelled each other, thereby making it possible for
the rotor portion 3a to unrestrictedly rotate.

[0090] In the ultrasonic probe of the fourth embodi-
ment, the rotor portion 3a is stopped from rotating re-
gardless of the current rotation angle of the electromag-
net motor 3 to ensure to prevent the transducer 2 from
rotating. The ultrasonic probe thus constructed makes
it possible to protect the transducer 2 from a large shock
caused by the electromagnet motor 3 especially when
the ultrasonic probe is dropped. Furthermore, the brake
mechanism 41 can be constructed without mechanical
moving parts, thereby improving the performance and
reliability of the ultrasonic probe.

[0091] The many features and advantages of the in-
vention are apparent from the detailed specification, and
thus it is intended by the appended claims to cover all
such features and advantages of the invention which fall
within the true spirit and scope thereof. Further, since
numerous modifications and changes will readily occur
to those skilled in the art, it is not desired to limit the
invention to the exact construction and operation illus-
trated and described herein, and accordingly, all suita-
ble modifications and equivalents may be construed as
being encompassed within the scope of the invention.

Claims
1. An ultrasonic probe comprising:

a housing (5);

a frame structure (4) accommodated in said
housing (5) and held stationary with respect to
said housing (5);

an electromagnet motor (3) rotatably supported
by said frame structure (4) in said housing (5);
a transducer (2) fixedly supported by said elec-
tromagnet motor (3) in said housing (5) to trans-
duce an ultrasonic wave to and from an electric
signal;

a brake mechanism (13) fixedly supported by
said frame structure (4) in said housing (5) and
operative to assume a braking state allowing
said electromagnet motor (3) to be braked and
a brake-releasing state allowing said electro-
magnet motor (3) to be released from being
braked,
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wherein said electromagnet motor (3) is re-
leased from being braked by said brake mechanism
(13) when said electromagnet motor (3) is driven to
rotate while said electromagnet motor (3) is braked
by said brake mechanism (13) when said electro-
magnet motor (3) is stopped.

An ultrasonic probe as set forth in claim 1, in which
said housing (5) includes a bottom wall portion (5a)
and a side wall portion (5b) integrally formed with
said bottom wall portion (5a) to form a hollow cham-
ber, and a window cover (6) securely mounted on
said side wall portion (5b) of said housing (5) to form
a closed chamber having said electromagnet motor
(3) received therein, said window cover (6) being
made of an ultrasonic wave transmission material
to have said transducer (2) transduce said ultrason-
ic wave to and from said electric signal.

An ultrasonic probe as set forth in claim 2, in which
said window cover (6) and said frame structure (4)
are combined to define a hermetically sealed cham-
ber filling therein a coupling liquid (7) to assist said
transducer (2) in transducing said ultrasonic wave
to and from said electric signal.

An ultrasonic probe as set forth in claim 1, in which
said transducer (2) includes a main body (10, 11)
having a top surface (11a), and a plurality of piezo-
electric elements (12a to 12n) arranged on said top
surface (11a) of said main body (10, 11) in spaced
relationship with one another along the center axis
(3c) of said electromagnet motor (3).

An ultrasonic probe as set forth in claim 4, in which
said piezoelectric elements (12a to 12n) are ar-
ranged on said main body (10, 11) of said transduc-
er (2) in spaced relationship with one another along
the center axis (3c) of said electromagnet motor (3)
and each of said piezoelectric elements (12a to
12n) is in the form of a rectangular shape having a
short side extending along the center axis (3c) of
said electromagnet motor (3).

An ultrasonic probe as set forth in claim 3, in which
said window cover (6) has inner and outer surfaces
arcuately formed and said main body (10, 11) of said
transducer (2) has an outer surface arcuately
formed in parallel and spaced relationship with said
inner surface of said window cover (6).

An ultrasonic probe as set forth in claim 1, in which
said electromagnet motor (3) includes a rotor por-
tion (3a) having a center axis (3c) and a pair of side
surfaces (3d), and a pair of shaft portions (3b) each
having a center axis, said shaft portions (3b) being
respectively secured to said side surfaces (3d) with
said center axes being respectively in alignment
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with said center axis (3c) of said rotor portion (3a)s
and rotatably supported by said frame structure (4).

An ultrasonic probe as set forth in claim 1, in which
said frame structure (4) includes a base plate por-
tion (4a), and a pair of stand portions (4b) spaced
apart from each other along with the rotation axis of
said electromagnet motor (3), and in which said
electromagnet motor (3) includes a rotor portion
(3a) having a center axis (3c) and a pair of side sur-
faces (3d), and a pair of shaft portions (3b) each
having a center axis, said shaft portions (3b) being
respectively secured to said side surfaces (3d) with
said center axes being respectively in alignment
with said center axis (3c) of said rotor portion (3a)s
and rotatably supported by said frame structure (4),
said shaft portions (3b) being respectively rotatably
supported by said stand portions (4b) of said frame
structure (4).

An ultrasonic probe as set forth in claim 1, in which
said electromagnet motor (3) has a peripheral por-
tion (3a) formed with a cavity (18), and

in which said brake mechanism (13) includes,

a magnetic frame (15) securely mounted on
said frame structure (4) and formed with a chamber
(15a) therein,

an electromagnet coil (14) received in said
chamber (15a) of said magnetic frame (15) and
partly secured to said magnetic frame (15), said
electromagnet coil (14) being in the form of a cylin-
drical hollow shape,

an electromagnet shaft (16) partly received in
said chamber (15a) of said magnetic frame (15) in
axial alignment with said electromagnet coil (14)
and supported by said magnetic frame (15), said
electromagnet shaft (16) having a first longitudinal
portion (16a) projecting outwardly of said magnetic
frame (15) and a second longitudinal portion (16b)
projecting inwardly of said electromagnet coil (14)
and said magnetic frame (15), said electromagnet
shaft (16) being axially movable with respect to said
magnetic frame (15) and said electromagnet coil
(14) to assume two operation states consisting of a
first operation state under which said electromagnet
shaft (16) is projected to an extremely projected po-
sition with respect to said electromagnet coil (14)
and a second operation state under which said elec-
tromagnet shaft (16) is retracted to an extremely re-
tracted position with respect to said electromagnet
coil (14),

electromagnet shaft urging means (17) for re-
siliently urging said electromagnet shaft (16) toward
said first operation state under which said first lon-
gitudinal portion (16a) of said electromagnet shaft
(16) is partly brought into engagement with said
cavity (18) of said electromagnet motor (3).
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An ultrasonic probe as set forth in claim 9, in which
said first longitudinal portion (16a) of said electro-
magnet shaft (16) is integrally formed with a first
flange portion, and said second longitudinal portion
(16b) of said electromagnet shaft (16) is integrally
formed with a second flange portion, and in which
said electromagnet shaft urging means (17) is con-
stituted by a helical coil spring (17) disposed to sur-
round said first longitudinal portion (16a) of said
electromagnet shaft (16) and to have one end en-
gaged with said first flange portion and the other
end engaged with said magnetic frame (15).

An ultrasonic probe as set forth in claim 9, in which
said electromagnet motor (3) is operative to as-
sume a stop position under which said electromag-
net motor (3) is stopped with respect to said frame
structure (4) with said cavity (18) being in opposing
relationship with said first longitudinal portion (16a)
of said electromagnet shaft (16), and which further
comprises

electromagnet motor urging means (21) for
resiliently urging said electromagnet motor (3) to-
ward said stop position of said electromagnet motor

(3).

An ultrasonic probe as set forth in claim 9, in which
said electromagnet motor (3) is operative to as-
sume a stop position under which said electromag-
net motor (3) is stopped with respect to said frame
structure (4) with said cavity (18) being in opposing
relationship with said first longitudinal portion (16a)
of said electromagnet shaft (16), and which further
comprises:

electromagnet motor urging means (21) for re-
siliently urging said electromagnet motor (3) in
the rotation direction of said electromagnet mo-
tor (3) toward said stop position of said electro-
magnet motor (3), and

electromagnet motor stopping means (22) for
stopping said electromagnet motor (3) from be-
ing rotated over said stop position.

An ultrasonic probe as set forth in claim 12, in which

said electromagnet motor urging means (21)
is constituted by a helical coil spring (21) having one
end secured to said electromagnet motor (3) and
the other end secured to said frame structure (4),
and

said electromagnet motor stopping means
(22) is constituted by a projected pin (22) projecting
axially outwardly of said side surface (3d) of said
electromagnet motor (3), said projected pin (22)
having a rotation path on which said projected pin
(22) is rotatable together with said electromagnet
motor (3), and a stop member (23) securely formed
on said frame structure (4) to project to said rotation
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path of said projected pin (22) to ensure that said
electromagnet motor (3) is resiliently urged by said
helical coil spring (21) and stopped by said project-
ed pin (22) and said stop member (23) under said
stop state under which said cavity (18) is in oppos-
ing relationship with said first longitudinal portion
(16a) of said electromagnet shaft (16).

An ultrasonic probe as set forth in claim 1, in said
brake mechanism (31) includes,

a gear member (31) having a center axis and
securely mounted on the side surface (3d) of said
electromagnet motor (3) with said center axis being
aligned with said center axis (3c) of said electro-
magnet motor (3), said gear member (31) having a
plurality of teeth equally spaced apart from one an-
other in the circumferential direction of said gear
member (31), and a plurality of recesses each ar-
ranged and disposed between said adjacent two
teeth,

a magnetic frame (15) securely mounted on
said frame structure (4) and formed with a chamber
(15a) therein,

an electromagnet coil (14) received in said
chamber (15a) of said magnetic frame (15) and
partly secured to said magnetic frame (15), said
electromagnet coil (14) being in the form of a cylin-
drical hollow shape,

an electromagnet shaft (16) partly received in
said chamber (15a) of said magnetic frame (15) in
axial alignment with said electromagnet coil (14)
and supported by said magnetic frame (15) and in
opposing relationship with said gear member (31),
said electromagnet shaft (16) having a first longitu-
dinal portion (16a) projecting outwardly of said mag-
netic frame (15) and a second longitudinal portion
(16b) projecting inwardly of said electromagnet coil
(14) and said magnetic frame (15), said electromag-
net shaft (16) being axially movable with respect to
said magnetic frame (15) and said electromagnet
coil (14) to assume two operation states consisting
of a first operation state under which said electro-
magnet shaft (16) is projected to an extremely pro-
jected position with respect to said electromagnet
coil (14) and a second operation state under which
said electromagnet shaft (16) is retracted to an ex-
tremely retracted position with respect to said elec-
tromagnet coil (14), said first longitudinal portion
(16a) of said electromagnet shaft (16) having a
leading end portion (16c) in the form of a pawl
shape,

electromagnet shaft urging means (17) for re-
siliently urging said electromagnet shaft (16) toward
said first operation state under which said leading
portion (16c¢) of said first longitudinal portion (16a)
of said electromagnet shaft (16) is partly brought in-
to meshing engagement with one of said recesses
of said gear member (31).
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An ultrasonic probe as set forth in claim 1, in which

said electromagnet motor (3) includes a rotor
portion (3a) having a center axis (3c) and a pair of
side surfaces (3d), and a pair of shaft portions (3b)
each having a center axis, said shaft portions (3b)
being respectively secured to said side surfaces
(3d) with said center axes being respectively in
alignment with said center axis (3c) of said rotor por-
tion (3a)s and rotatably supported by said frame
structure (4), and

said brake mechanism (41) includes,

a first electromagnet member (42) securely
mounted on the peripheral wall of said rotor portion
(3a) of said electromagnet motor (3),

a magnetic frame (43) securely mounted on
said frame structure (4) and formed with a chamber
(43a) therein,

an electromagnet coil (44) received in said
chamber (43a) of said magnetic frame (43) and
partly secured to said magnetic frame (43), said
electromagnet coil (44) being in the form of a cylin-
drical hollow shape,

a second electromagnet member (45) partly
received in said chamber (43a) of said magnetic
frame (43) in axial alignment with said electromag-
net coil (44) and supported by said magnetic frame
(43) to be directed toward said first electromagnet
member (42) to ensure that said first and second
electromagnet members (42, 45) repel each other
when said electromagnet coil (44) is energized.

An ultrasonic probe as set forth in claim 15, in which
said magnetic frame (43) includes,

a bottom wall portion (43b) securely mounted
on said frame structure (4), and a side wall portion
(43c) integrally formed with said bottom wall portion
(43b), whereby said bottom wall portion (43b) and
said side wall portion (43c) of said magnetic frame
(43) and said first electromagnet member (42) col-
lectively define a chamber (43a) to receive said
electromagnet coil (44), said bottom wall portion
(43b) and said side wall portion (43c) of said mag-
netic frame (43) and said first electromagnet mem-
ber (42) is made of a magnetic substance.
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