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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 image
and other graphic images to be taken from the internal
organs of a human body by taking advantage of an ul-
trasound, and more particularly to an ultrasonic probe for
and a method of acquiring a tomographic image and other
graphic images to be used for the diagnosis 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 de-
signed 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 con-
structed 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 hu-
man body, and the second one of which is inserted into
the hollow internal organs of the human body including
stomachs, rectums and vaginas to probe the hollow in-
ternal organs of the human body. Both of the forgoing
ultrasonic probes are adapted to emit an ultrasonic wave
to the targeted portions of the human body before receiv-
ing an ultrasonic wave echoed from the targeted 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] One example of the ultrasonic probes is dis-
closed in Japanese laid-open publication No.
184532/1991 as comprising a vibrator body, i.e., trans-
ducer of an electronic scanning type including a group
of array of the transducer elements, and an oscillation
mechanism for oscillating the transducer in a direction
crossing the electronic scanning direction of a group of
oscillation of the vibrator body (see PATENT AB-
STRACTS OF JAPAN, Publication No. 03-184532, Date
of filing: 14.12.1989).
[0004] The ultrasonic probes herein disclosed are
each of the second type of the ultrasonic probe and thus
provided with a probe unit comprising a transducer for
transducing an electric signal into and out of an ultrasonic
wave, an electric motor for allowing the transducer to be
reciprocally swung around its own axis within a prede-
termined rotation range, and a reduction gear intervening
between the transducer and the electric motor to transmit
the rotation torque of the electric motor to the transducer.
The transducer is provided in and supported by the hous-
ing to be swingable with respect to the housing around

the center axis thereof within a predetermined swing ro-
tation range. The transducer is in the form of a convex
shape and has a space within which the electric motor
and the transducer are arranged. The electric motor and
the reduction gear are positioned roughly in coaxial re-
lationship with the transducer. The arrangement of the
transducer, the electric motor and the reduction gear re-
sults in the fact that the transducer is obliged to have a
relatively large radius. The large radius of the transducer
inevitably makes considerably large its cross-section ar-
ea taken along a plane perpendicular to the direction in
which the transducer is inserted into the internal organ.
[0005] As will be understood from the previously men-
tioned fact, the conventional ultrasonic probe of this type
encounters such a problem that the transducer relatively
large in radius and cross-section makes the ultrasonic
probe unit as a whole to be bulky in size. Further, the fact
that the gear of the transducer is drivably meshed with
the gear of the electric motor by way of the reduction gear
leads to the other problem that these gears thus held in
meshing relationship with one another inevitably cause
a backlash transmitted to the transducer, thereby dete-
riorating the accuracy of the ultrasonic probe unit.
[0006] Reference may also be made to US-A-4913158
which discloses the precharacterizing features of the
present invention.

SUMMARY OF THE INVENTION

[0007] It would be desirable to provide an ultrasonic
probe that is smaller in size than the conventional ultra-
sonic probe.
[0008] It would also be desirable to provide an ultra-
sonic probe that is higher in accuracy than the conven-
tional ultrasonic probe.
[0009] It would further be desirable to provide a method
of producing an ultrasonic probe that is smaller in size
and higher in accuracy than the conventional ultrasonic
probe.
[0010] According to one aspect of the present inven-
tion, there is provided an ultrasonic probe, comprising: a
housing; a driven shaft rotatably supported by the hous-
ing; a transducer supported by the driven shaft to be
swingable on one side of the driven shaft and operative
to transduce an electric signal to and from an ultrasound,
the transducer having the ultrasound emitted therefrom
and reflected thereto through the housing in a predeter-
mined direction; a drive shaft rotatably supported by the
housing, spaced apart from said driven shaft in said pre-
determined direction and in parallel relationship with the
driven shaft; a drive motor supported on the housing and
drivably connected to the drive shaft; and a drive belt
intervening between the driven shaft and the drive shaft
to transmit the rotation from the drive motor to the trans-
ducer. The transducer is characterized by having a con-
cave surface and the drive belt passes between the driv-
en shaft and the concave surface of the transducer.
[0011] The ultrasonic probe thus constructed can re-
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duce the rotation radius of the transducer independently
of the size of the electric motor by having the rotation
axes of the drive motor spaced apart from the transducer.
This makes it possible to produce an ultrasonic probe
small in size. Further, the ultrasonic probe can be high
in accuracy as compared with the conventional ultrasonic
probe because the rotation of the drive motor is trans-
ferred into the rotational motion of the transducer without
any gears intervening between the transducer and the
drive motor.
[0012] The drive belt may have an arcuate shape and
the drive belt may be substantially in the form of a loop
shape and has rectangular cross section.
[0013] The housing of the ultrasonic probe according
to the present invention may include an outer case; and
an inner case accommodated in the outer case and held
stationary with respect to the outer case, the driven shaft
being rotatably supported by the inner case; a driven pul-
ley fixedly supported on the driven shaft of the transducer
and rotatable together with the driven shaft; and a drive
pulley fixedly supported on the drive shaft and rotatable
together with the drive shaft, the drive belt being passed
on the driven pulley and the drive pulley.
[0014] The ultrasonic probe according to the present
invention desirably comprises synchronizing means for
synchronizing the driven pulley with the drive pulley when
the driven pulley is driven to rotate by the drive pulley
through the drive belt.
[0015] It is desirable that the synchronizing means be
constituted by a first projection formed on the driven pul-
ley to radially project from the outer peripheral surface
of the driven pulley, a second projection formed on the
drive pulley to radially project from the outer peripheral
surface of the drive pulley, and the drive belt respectively
having first and second holes formed therein in spaced
apart relationship with each other in the rotation direction
of the drive belt, the first and second holes respectively
having the first and second projections received therein
to ensure that the drive pulley is driven to rotate in syn-
chronism with the drive pulley.
[0016] The synchronizing means makes it possible to
produce an ultrasonic probe with no slip causing between
the drive belt and the driven and drive pulleys and thus
highly responsive and reliable in the torque transmission
between the drive and driven pulleys.
[0017] The ultrasonic probe according to the present
invention may further comprise length adjusting means
for adjusting the length of the drive belt with the first pulley
and the second pulley to have the first projection and the
second projections respectively engaged with first hole
and the second hole. In this case, the drive belt has a
predetermined length defined by the distance between
the first hole and the second hole.
[0018] The ultrasonic probe according to the present
invention may further comprise an adjusting screw, the
drive belt has a first engaging portion held in engagement
with the drive pulley, a second engaging portion held in
engagement with the driven pulley and a third engaging

portion held in engagement with the drive pulley and
formed with an adjusting hole having an inner diameter
large enough to receive therein the adjusting screw to
ensure that the drive belt is adjusted in length under the
state that the first engaging portion and the second en-
gaging portion are respectively held in engagement with
the drive pulley and the driven pulley.
[0019] The length adjusting means is preferably con-
stituted by the adjusting screw, the drive belt, the drive
pulley and the driven pulley. The adjusting hole may be
in the form of a rectangular shape having a length meas-
ured in the longitudinal direction of the drive belt and a
width measured in the direction perpendicular to the lon-
gitudinal direction of the drive belt. The length of the ad-
justing hole is necessary to be larger than the width.
[0020] The length adjusting means renders it possible
to impart tension to the drive belt by puling the extreme
end portion of the drive belt. The extreme end portion of
the drive belt which falls into being unnecessary after
being pulled is cut off from the effective portions of the
drive belt. It is therefore possible to provide an ultrasonic
probe reduced in manufacturing costs and processes be-
cause the fact that the drive belt is in the form of a loop
shape.
[0021] The drive belt may have an extreme end tab
adjacent to the adjusting hole and may be formed with a
pair of side notches extending inwardly from the side sur-
faces of the drive belt between the adjusting hole and
the extreme end tab of the drive belt and symmetrically
formed with respect to the center line of the drive belt.
The drive belt wound onto the drive pulley and the driven
pulley is adjusted in length between the drive and driven
pulleys with the adjusting hole and the adjusting screw
and is imparted a tension by pulling the extreme end tab
in the longitudinal direction of the drive belt until the third
engaging portion of the drive belt is screwed to the drive
pulley.
[0022] The ultrasonic probe according to the present
invention may further comprise rotation restricting means
for restricting the rotation of the drive pulley to within an
allowable rotation range.
[0023] It is desirable that the drive pulley have a stop
projection projecting from one side surface of the drive
pulley. In this case, the inner case is formed with a groove
receiving therein the stop projection to ensure that the
drive pulley is allowed to rotate within the allowable ro-
tation range.
[0024] Preferably, the outer diameter of the driven pul-
ley is larger than that of the drive pulley. The load torque
of the drive motor and the backlash transmitted to the
transducer are therefore reduced, and the drive motor
and the drive pulley become smaller.
[0025] The rotation of the drive pulley is restricted by
the inner case through the stop projection of the drive
pulley in the case when the transducer is brought out of
the allowable rotational range of the transducer in trouble.
It is therefore possible to provide an ultrasonic probe suf-
ficiently reliable by preventing the drive belt from being
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applied a driving force exceeding the allowable force lev-
el.
[0026] It is preferred that the ultrasonic probe further
comprise tension imparting means for imparting tension
to the drive belt. The tension imparting means enables
the drive belt to be imparted a constant tension sufficient
to drive the transducer without loosening the drive belt
and making a vibration noise.
[0027] The tension imparting means may comprise a
swingable arm having one end portion pivotably support-
ed on the inner case to be swingable with respect to the
inner case and the other end portion bent toward the
drive belt, an idler roller rotatably supported on the other
end portion of the swingable arm in pressing contact with
the drive belt, and resilient means for resiliently urging
the idler roller into pressing contact with the drive belt to
have the drive belt maintained under its tensioned state.
[0028] In the preferred ultrasonic probe, the resilient
means is constituted by a helical coil spring having one
end connected to the longitudinally intermediate portion
of the swingable arm and the other end connected to the
inner case to ensure that the idler roller is held in pressing
contact with the drive belt to have the drive belt main-
tained under its tensioned state. The drive belt while be-
ing driven by the drive pulley is constantly imparted a
tension at a tension level applied when the drive belt is
assembled with the first and second pulleys.
[0029] According to another aspect of the present in-
vention, there is provided a method of producing an ul-
trasonic probe, comprising the steps of: preparing a driv-
en shaft having a driven pulley mounted thereon, a trans-
ducer supported by the driven shaft, a drive shaft having
a drive pulley mounted thereon and arranged in parallel
to the driven shaft and spaced apart from the driven shaft,
an adjusting screw and a drive belt having first and sec-
ond engaging portions, a third engaging portion formed
with an adjusting hole and an extreme end tab; winding
the drive belt onto the drive pulley and the driven pulley
to have the first and second engaging portions held in
engagement with the drive pulley and the driven pulley;
and screwing the drive belt to the drive pulley by the ad-
justing screw through the adjusting hole of the drive belt.
The method is characterized in that, in the preparing step,
the transducer has a concave surface. The method is
further characterized by comprising the further steps of:
positioning the drive belt to pass between the driven shaft
and the concave surface of the transducer; imparting the
drive belt wound onto the drive pulley and the driven pul-
ley a tension at a predetermined level by pulling the ex-
treme end tab in the longitudinal direction of the drive
belt until the third engaging portion of the drive belt is
screwed to the drive pulley of the drive shaft; and cutting
and separating said extreme end tab from the drive belt.
[0030] The above series of steps not only make it easy
to impart tension to the drive belt but also render it pos-
sible to reduce the manufacturing costs and the number
of the manufacturing processes of the ultrasonic probe
because the drive belt can be tightened without providing

additional tension imparting means.

BRIEF DESCRIPTION OF THE DRAWINGS

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

FIG. 1A is a cross-sectional view of a first embodi-
ment of the ultrasonic probe according to the present
invention;
FIG. 1B is a schematic side view of a loop belt and
drive and driven pulleys forming part of the first em-
bodiment of the ultrasonic probe according to the
present invention;
FIG. 2 is a schematic side view of tension imparting
means forming part of the second embodiment of
the ultrasonic probe according to the present inven-
tion;
FIG. 3 is a cross-sectional side view similar to FIG.
2 but showing a loop belt and drive and driven pulleys
forming part of the third embodiment of the ultrasonic
probe according to the present invention;
FIG. 4A is a plan view of a drive belt forming part of
the fourth embodiment of the ultrasonic probe ac-
cording to the present invention;
FIG. 4B is a cross-sectional side view similar to FIG.
2 but showing a loop belt and drive and driven pulleys
forming part of the fourth embodiment of the ultra-
sonic probe according to the present invention;
FIG. 5A is a plan view of a drive belt forming part of
the fifth embodiment of the ultrasonic probe accord-
ing to the present invention and held in the state be-
ing extended before being passed on the drive and
driven pulleys;
FIG. 5B is a perspective view of the drive belt shown
in FIG. 5A but showing the drive belt in the state
being passed on the drive and driven pulleys with a
tension imparted to the drive belt;
FIG. 5C is a perspective view similar to FIG. 5B but
showing an adjusting screw screwed to the drive pul-
ley;
FIG. 6A is a front view of a loop belt and the drive
and driven pulleys forming part of the sixth embod-
iment of the ultrasonic probe according to the present
invention;
FIG. 6B is a fragmentary cross-sectional view taken
along the line B-B of FIG. 6A;
FIG. 7A is a side view, partly cross-sectioned, of a
transducer, a loop belt, the drive and driven pulleys
and a partly sectioned inner case collectively forming
the seventh embodiment of the ultrasonic probe ac-
cording to the present invention;
FIG. 7B is a side view, partly cross-sectioned, of the
transducer, the drive belt, the driven and drive pul-
leys and an inner case forming part of the seventh
embodiment of the ultrasonic probe according to the
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present invention; and
FIG. 8 is a schematic side view of a loop belt and
the drive and driven pulleys forming part of the eighth
embodiment of the ultrasonic probe according to the
present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0032] Referring to FIGS. 1A and 1B of the drawings,
there is shown a first preferred embodiment of the ultra-
sonic probe embodying the present invention. The ultra-
sonic probe thus shown in FIGS. 1A and 1B as comprises
a transducer 1, a driven shaft 2, a pair of bearings 3, a
housing 4, a driven pulley 5, a drive motor 6, a drive shaft
7. The housing 4 has a center axis 4a and comprises an
outer case 11, and an inner case 15 accommodated in
the outer case 11 and held stationary with respect to the
outer case 11. The inner case 15 is in the form of a cup
shape, having an upper portion 15b connected to the
outer case 11 and a lower portion 15c integrally formed
with the upper portion 15b. The cross-sectional area of
the lower portion 15c measured in the direction perpen-
dicular to the center axis 4a of the housing 4 is smaller
than the cross-sectional area of the upper portion 15b
also measured in the direction perpendicular to the center
axis 4a of the housing 4. The window member 12 is made
of a material which facilitates the ultrasonic wave to pass
therethrough.
[0033] The transducer 1 is drivably connected with the
driven shaft 2 which is rotatably supported by the inner
case 15 to extend in a predetermined direction with re-
spect to the inner case 15. The transducer 1 is in the form
of an arcuate shape and having a convex surface 1a and
a concave surface 1b, the convex surface 1a leading the
concave surface 1b in an ultrasound emitting direction in
which the ultrasound is emitted from the transducer 1 to
the targeted portion of the human body, viz., an ultra-
sound wave propagation direction radially extending
from the central point of the driven shaft 2 at which the
center axis 4a of the housing 4 is crossed with the center
axis 2a of the driven shaft 2. The transducer 1 is swing-
able on one side of the driven shaft 2 and operative to
transduce an electric signal to and from an ultrasound.
The ultrasound is emitted from the transducer 1 and re-
flected as an ultrasonic echo by the human body.
[0034] The bearings 3 intervening between the driven
shaft 2 and the inner case 15 are axially aligned and
spaced relationship with each other. The driven shaft 2
is not axially slidable but rotatable about the axis of the
bearing 3. The drive shaft 7 is rotatably supported by the
outer case 11 spaced apart from the driven shaft 2 in the
predetermined direction and in parallel relationship with
the driven shaft 2.
[0035] The ultrasonic probe further comprises a driven
pulley 5 fixedly supported on the driven shaft 2 of the
transducer 1 and rotatable together with the driven shaft
2, and a drive pulley 9 fixedly supported on the drive shaft

7 and rotatable together with the drive shaft 7.
[0036] The ultrasonic probe further comprises an elec-
tric drive motor 6, e.g. a stepping motor supported on the
housing 4 through the inner case 15 and drivably con-
nected to the drive shaft 7, and a drive belt 10 intervening
between the driven shaft 2 and the drive shaft 7 to trans-
mit rotation from the drive motor 6 to the transducer 1.
The drive shaft 7 is integrally formed with the output shaft
of the drive motor 6 which is securely mounted on the
lower portion 15c of the inner case 15. According to the
present invention, the drive shaft 7 and the drive motor
6 may be arranged in such a way that the drive shaft 7
is separated from the drive motor 6 and drivably connect-
ed to the output shaft of the drive motor 6.
[0037] The transmission of the rotation from the drive
motor 6 to the transducer 1 is realized between the drive
shaft 7 and the drive belt 10 with a drive pulley 9 and a
driven pulley 5. The drive pulley 9 is supported on the
center portion of the drive shaft 7 and rotatable together
with the drive shaft 7, while the driven pulley 5 is sup-
ported on the center portion of the driven shaft 2 of the
transducer 1 and rotatable together with the driven shaft
2. As will be best shown in FIG. 1B, the drive belt 10 is
in the form of a loop shape, i.e., substantially looped and
passed on the driven pulley 5 and drive pulley 9. This
drive belt 10 is formed into a flat strip having a rectangular
cross section.
[0038] The transducer 1 is operative not only to trans-
duce an electric signal to an ultrasound to be emitted
therefrom through the window member 12 in a predeter-
mined detecting direction but also to transduce an ultra-
sonic echo, i.e., a reflected ultrasound to an electric signal
to be transferred into a diagnostic image. The ultrasound
emitted from the transducer 1 and the ultrasonic echo
reflected from the outside are transmitted through the
window member 12. Between the window member 12
and the inner case 15, there is provided a liquidized ul-
trasonically transmissible material 13 filling up the space
defined between the window member 12 and the inner
case 15.
[0039] Around the drive shaft 7, there are provided a
bearing 8 and a seal ring 14 each intervening between
the drive shaft 7 and the inner case 15. The seal ring 14
is adapted to seal the gap between the drive shaft 7 and
the outer case 11 in order to prevent the ultrasonically
transmissible material 13 from leaking out of the inner
case 15.
[0040] The description is now directed to the operation
of the ultrasonic probe according to the present invention.
[0041] The drive motor 6 of the ultrasonic probe is at
first energized to rotate the drive pulley 9 in a direction
indicated by an arrow A in FIG. 1B. When the drive pulley
9 rotates in the direction A, the driven pulley 5 is driven
to rotate in the direction A by the drive pulley 9 through
the drive belt 10. When, on the other hand, the drive
pulley 9 rotates in a direction indicated by an arrow B in
FIG. 1B, the driven pulley 5 is driven to rotate in the di-
rection B by the drive pulley 9 through the drive belt 10.
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The transducer 1 is then rotated back and forth to be
swingable with the driven shaft 2 in an allowable rotation
range. The allowable rotation range of the transducer 1
is restricted in proportion to the rotation range of the drive
motor 6.
[0042] The rotation radius of the transducer 1 is re-
duced to be independently of the size of the drive motor
6 due to the fact that the rotation axes of the drive motor
6 and the drive shaft 7 are spaced apart from the rotation
axis of the transducer 1 in the predetermined direction
to be positioned on the other side of the transducer 1.
The ultrasonic probe is therefore prevented from becom-
ing bulky in size and is therefore possible to become
smaller than the conventional ultrasonic probe. Further,
the transducer 1 is rotated by the drive motor 6 through
the drive belt 10 without using gears obliged to incur a
backlash. Consequently, the ultrasonic probe is prevent-
ed from deteriorating in probing accuracy.
[0043] Referring now to FIG. 2 of the drawings, there
is shown a second preferred embodiment of the ultra-
sonic probe embodying the present invention. The ultra-
sonic probe of the present embodiment is similar in con-
stitution to the first embodiment and thus includes ele-
ments the same in constitution and numerical reference
as those of the ultrasonic probe of the first embodiment.
[0044] In FIG. 2, the driven pulley 5, the drive pulley 9
and the drive belt 10 constitute a rotation transmission
mechanism forming part of the ultrasonic probe accord-
ing to the present invention. The ultrasonic probe further
comprises tension imparting means 20 for imparting the
drive belt 10 a tension at a constant tension level. The
tension imparting means 20 comprises a swingable arm
22 having one end portion pivotably supported on the
inner case 15 to be swingable with respect to the inner
case 15, an idler roller 21 rotatably supported on the other
end portion of the swingable arm 22, and resilient means
23 for resiliently urging the idler roller 21 into pressing
contact with the drive belt 10 to have the drive belt 10
maintained under its tensioned state. The other end por-
tion of the swingable arm 22 is bent toward the drive belt
10 so that the idler roller 21 is rollable or slidable with
respect to the outer surface of the drive belt 10.
[0045] The resilient means 23 is in constituted by a
helical coil spring having one end connected to the lon-
gitudinally intermediate portion of the swingable arm 22
and the other end connected to the inner case 15 to en-
sure that the idler roller 21 is held in pressing contact with
the drive belt 10 and that the drive belt 10 is maintained
under its tensioned state.
[0046] The constant tension level of the drive belt 10
is so predetermined as to be sufficient to drive the trans-
ducer 1 through the drive belt 10 without making a vibra-
tion noise. This means that the drive belt 10 is imparted
a tension so as to prevent the slip, i.e. a relative rotation
between the driven pulley 5 and the drive pulley 9.
[0047] Referring to FIG. 3 of the drawings, there is
shown a third preferred embodiment of the ultrasonic
probe embodying the present invention. The ultrasonic

probe of the present embodiment is similar in constitution
to the first embodiment and thus includes elements the
same in constitution and numerical reference as those
of the ultrasonic probe of the first embodiment.
[0048] The ultrasonic probe of the present embodi-
ment comprises synchronizing means for synchronizing
the driven pulley 5 with the drive pulley 9 when the driven
pulley 5 is driven to rotate by the drive pulley 9 and the
drive motor 6 through the drive belt 10. The synchronizing
means is constituted by a first projection 5a formed on
the driven pulley 5, a second projection 9a formed on the
drive pulley 9, and the drive belt 10 having a first hole
10a and a second hole 10b.
[0049] The first projection 5a radially projecting from
the outer peripheral surface of the driven pulley 5 is re-
ceived in the first hole 10a of the drive belt 10 to have
the drive belt 10 held in synchronized engagement with
the driven pulley 5, while the second projection 9a radially
projecting from the outer peripheral surface of the drive
pulley 9 is received in the second hole 10b of the drive
belt 10 to have the drive belt 10 held in synchronized
engagement with the drive pulley 9. The driven pulley 5
is therefore ensured to be driven to rotate in synchronism
with the drive pulley 9 without causing a slip between the
drive belt 10 and the driven and drive pulleys 5 and 9.
Accordingly, the ultrasonic probe becomes more reliable
and accurate.
[0050] Referring to FIG. 4A and 4B of the drawings,
there is shown a forth preferred embodiment of the ultra-
sonic probe embodying the present invention. The ultra-
sonic probe of the present embodiment is similar in con-
stitution to the first and third embodiments and thus in-
cludes elements the same in constitution and numerical
reference as those of the ultrasonic probe of the first em-
bodiment.
[0051] As shown in FIGS. 4A and 4B, the ultrasonic
probe comprises length adjusting means 30 for adjusting
length 33 of each straightened portion of the drive belt
31, i.e. the distance between the driven pulley 5 and the
drive pulley 9, with the first pulley 5 and the second pulley
9. The ultrasonic probe further comprises an adjusting
screw 32. The drive belt 31 has a first engaging portion
31b held in engagement with the drive pulley 9, a second
engaging portion 31a held in engagement with the driven
pulley 5 and a third engaging portion 31d held in engage-
ment with the drive pulley 9 and formed with an adjusting
hole 31c. The adjusting hole 31c has an inner diameter
large enough to receive therein the adjusting screw 32
to ensure that the drive belt 31 is adjusted in length under
the state that the first engaging portion 31b and the sec-
ond engaging portion 31a are respectively held in en-
gagement with the drive pulley 9 and the driven pulley 5.
The length adjusting means is constituted by the adjust-
ing screw 32, the drive belt 31, the drive pulley 9 and the
driven pulley 5.
[0052] The drive belt 31 is formed with a first hole 31c,
a second hole 31a, and an adjusting hole 31c. The driven
pulley 5 has a first projection 5a received in the first hole
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31b of the drive belt 31 to have the drive belt 31 wound
onto and held in synchronized engagement with the driv-
en pulley 5. The drive pulley 9 has a second projection
9a received in the second hole 31a of the drive belt 31
to have the drive belt 31 wound onto and held in synchro-
nized engagement with the drive pulley 9. The length
adjusting means 30 is further constituted by a female
screw 9b formed with the drive pulley 9 to radially extend,
and an adjusting screw 32 operable to screw into the
female screw of the drive pulley 9. According to the
present invention, the drive pulley 9 may have a plurality
of female screws formed therein to be spaced apart from
one another in the circumferential direction of the drive
pulley 9. The distances between the central points of the
female screws may be variable in the circumferential di-
rection of the drive pulley 9 to facilitate the length adjust-
ment of the drive pulley 9.
[0053] As will be seen from the foregoing description,
it will be understood that the first hole 31b and the second
hole 31a of the drive belt 31 respectively constitute first
and second engaging portions held in engagement with
the drive pulley 9 and the driven pulley 5.
[0054] The drive belt 31 further has a third engaging
portion 31d held in engagement with the drive pulley 9
and formed with an adjusting hole 31c having an inner
diameter large sufficient to receive the adjusting screw
32. The adjusting screw 32 is received in the third hole
31c of the drive belt 31 and rotated to allow the length
33 of the drive belt 31 to be adjusted between the driven
pulley 5 and the drive pulley 9 under the state that the
first hole 31b and the second hole 31a are respectively
held in engagement with the drive pulley 9 and the driven
pulley 5.
[0055] The length adjusting means 30 facilitates to ad-
just the circumferential length of the looped drive belt 31
in proportion to the distance between the driven pulley 5
and the drive pulley 9 even in the case that the distance
varies. The ultrasonic probe becomes more accurate and
lower in the manufacturing cost.
[0056] Referring to FIGS. 5A to 5C of the drawings,
there is shown a fifth preferred embodiment of the ultra-
sonic probe embodying the present invention. The ultra-
sonic probe of the present embodiment is similar in con-
stitution to the first and fourth embodiments and thus in-
cludes elements the same in constitution and numerical
reference as those of the ultrasonic probe of the first em-
bodiment.
[0057] As shown in FIGS. 5A to 5C, the ultrasonic
probe comprises length adjusting means 40 for adjusting
lengths of both straightened portions of the drive belt 41,
i.e. the distance between the driven pulley 5 and the drive
pulley 9, with the first pulley 5 and the second pulley 9.
The first projection 5a, not shown in FIGS 5A to 5C, of
the driven pulley 5 is received in the first hole 41b of the
drive belt 41 to have the drive belt 41 wound onto and
held in synchronized engagement with the driven pulley
5, while the second projection 9a, not shown in FIGS 5A
to 5C, of the drive pulley 9 is received in the second hole

41a of the drive belt 41 to have the drive belt 41 wound
onto and held in synchronized engagement with the drive
pulley 9. The length adjusting means 40 further compris-
es an adjusting screw 42 operable to screw into the fe-
male screw 9b of the drive pulley 9.
[0058] The drive belt 41 is formed with an adjusting
hole 41c similar in function but different in shape from
the adjusting hole 31c of the drive belt 31 of the fourth
embodiment. The adjusting hole 41c is substantially in
the form of a rectangular shape having a length measured
in the longitudinal direction of the drive belt 41 and a width
measured in the direction perpendicular to the longitudi-
nal direction of the drive belt 41. The length of the ad-
justing hole 41c is larger than the width of the adjusting
hole 41c. The adjusting hole 41c has four corners. Pref-
erably, each of the corners should be chamfered to avoid
excessive stress to be placed on the corners.
[0059] The drive belt 41 has an extreme end tab 41i
adjacent to the adjusting hole 41c. Between the adjusting
hole 41c and the extreme end tab 41i of the drive belt
41, there are formed a pair of side notches 41e extending
inwardly from the side surfaces 41g and 41h of the drive
belt 41. The side notches 41e of the drive belt 41 are
symmetrically formed with respect to the center line of
the drive belt 41.
[0060] The extreme end tab 41i is formed with a fourth
hole 41d which can be hooked by hooking implement to
be pulled for imparting a tension to the drive belt 41.
[0061] The drive belt 10 while being driven by said drive
pulley 9 is constantly imparted a tension at a tension level
applied when the drive belt 10 is assembled with the first
and second pulleys 5 and 9.
[0062] The description will be hereinafter directed to a
method according to the present invention. The method
is performed for fabricating the aforesaid ultrasonic probe
through the following steps, especially for winding the
drive belt 41 onto the driven pulley 5 and the drive pulley
9 and for imparting a tension to the drive belt 41.
[0063] The driven shaft 2, the transducer 1 supported
by said driven shaft 2, the drive shaft 7, the adjusting
screw 42 and the drive belt 41 are at first prepared. As
aforesaid, the drive belt 41 has first and second holes
41a and 41b respectively constituting first and second
engaging portions, and third engaging portion 41f formed
with an adjusting hole 41c and an extreme end tab 41i.
[0064] The drive shaft 7 is then arranged in parallel
and spaced relationship with the driven shaft 2.
[0065] Following the above preparing step, the drive
belt 41 is wound onto the drive pulley 9 and the driven
pulley 5 to have the first and second engaging portions
41a and 41b held in engagement with said drive pulley
9 and said driven pulley 5, respectively.
[0066] The drive belt 41 is then screwed to said drive
pulley 9 by the adjusting screw 42 through the adjusting
hole 41c of the drive belt 41.
[0067] During or before the screwing step, the drive
belt 41 wound onto the drive pulley 9 and the driven pulley
2 is imparted a tension slightly exceeding a predeter-
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mined tension level by pulling the extreme end tab 41i in
the longitudinal direction, shown by an arrow D in FIG.
5B, of the drive belt 41. In this tension imparting step, the
predetermined tension level is set at a tension sufficient
to drive the transducer 1 through the drive belt 41. The
adjusting screw 42 is then put into the female screw 9b
as shown in FIG. 5C and tightened up under the condition
that the predetermined tension is imparted to the drive
belt 41. At this time, the third engaging portion 41f of the
drive belt 41 is securely mounted to the drive pulley 9 in
conjunction with the adjusting screw 42.
[0068] The extreme end tab 41i is then cut off along a
line 43 depicted in FIG. 5c and separated from the drive
belt 41.
[0069] In the above manufacturing method according
to the present invention, the tension imparting step elim-
inates the need for installing an additional tension impart-
ing mechanism including the earlier mentioned idler roller
and the like because of the fact that the drive belt 41 is
tightened and imparted a tension at a predetermined lev-
el sufficient to drive the transducer 1 before the adjusting
screw 42 is put into the female screw 9b, thereby reducing
the number of parts forming part of the tension imparting
mechanism. Furthermore, the drive belt 41 wound onto
the drive pulley 9 and the driven pulley 2 imparted a ten-
sion slightly exceeding the predetermined tension level
increases the accuracy of the ultrasonic probe. This leads
to the fact that the above mentioned manufacturing meth-
od makes it possible to manufacture the ultrasonic probe
less costly and more reliable then the conventional man-
ufacturing method.
[0070] FIGS. 6A and 6B in combination show a sixth
preferred embodiment of the ultrasonic probe embodying
the present invention. The ultrasonic probe of the present
embodiment is similar in constitution to the first embod-
iment and thus includes elements the same in constitu-
tion and numerical reference as those of the ultrasonic
probe of the first embodiment. FIG. 6A is a front elevation
of the present embodiment, and FIG. 6B is a side view
of the present embodiment.
[0071] The ultrasonic probe comprises rotation re-
stricting means for restricting the rotation of the drive pul-
ley 9 to within an allowable rotation range. As shown in
FIGS. 6A and 6B, the drive pulley 9 has a cylindrical stop
projection 9c projecting from one side surface 9d of the
drive pulley 9, while the inner case 15 is formed with a
groove 15a having the stop projection 9c of the drive
pulley 9 received therein to ensure that the drive pulley
9 is allowed to rotate within the allowable rotation range.
The groove 15a of the inner case 15 is for example formed
in an arcuate shape having both ends for stoppers.
[0072] The description will be hereinafter directed to
the operation of the above present embodiment.
[0073] As shown in FIG. 7A, the transducer 1 connect-
ed with the driven pulley 5 through the driven shaft 2 is
driven in a rotational direction shown by an arrow E when
the drive pulley 9 is driven to rotate a rotational direction
shown by an arrow F.

[0074] As shown in FIG. 7B, the stop projection 9c of
the drive pulley 9 is brought into contact with the end
stopper of the groove 15a of the inner case 15 and
stopped even when the rotation position of the drive mo-
tor 6 exceeds over one of predetermined limit positions
adjacent to the both end stoppers of the groove 15a. The
end stopper of the groove 15a of the inner case 15 pre-
vents any force exceeding the driving torque of the drive
motor 6 from being loaded on the drive belt 10. The drive
belt 10 is shown in FIG. 7A and FIG. 7B may be any other
types such as an endless flat strip belt according to the
present invention. The excessive force loaded on the
drive belt 10 causes wear and tear of the drive belt 10
and deteriorates the reliability of the ultrasonic probe.
The ultrasonic probe thus constructed reduces the wear
and tear of the drive belt 10 thereby ensuring a high de-
gree of reliability.
[0075] Referring to FIG. 8 of the drawings, there is
shown a seventh preferred embodiment of the ultrasonic
probe embodying the present invention. The ultrasonic
probe therein disclosed is similar in constitution to the
ultrasonic probe disclosed by the first embodiment and
thus includes parts and elements the same in constitution
and bearing numerical references the same as those of
the ultrasonic probe of the first embodiment except for
the following parts and elements.
[0076] In the seventh embodiment, the driven pulley 5
has a relatively large diameter Da, while the drive pulley
9 has a relatively small diameter Db smaller than that of
the driven pulley 5. In the case that the load torque T1 is
applied to the drive belt 10, the driving torque Td required
to drive the drive pulley 9 is determined by the equation
(1) as follows. 

[0077] It will be understood from the above mentioned
equation that the driving torque Td becomes smaller than
the load torque T1 due to the fact that the diameter Da
the driven pulley Db is larger than the diameter Db of the
drive pulley 9.
[0078] The ultrasonic probe exemplified by the sev-
enth embodiment makes it possible to utilize a drive mo-
tor smaller than that of the conventional ultrasonic probe,
thereby providing a less expensive and more compact
ultrasonic probe than the conventional ultrasonic probe.
This is because the diameter Da of the driven pulley 5 is
set to be larger than the diameter Db of the drive pulley
9 with the driving torque "Td" at a smaller value.
[0079] According to the present invention, the ultra-
sonic probe thus constructed makes it possible to reduce
the rotation radius of the transducer independently of the
size of the electric motor by spacing the rotation axes of
the drive motor and the transducer, and is therefore pos-
sible to provide an ultrasonic probe smaller in size than
the conventional ultrasonic probe. Further, the ultrasonic
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probe is prevented from deteriorating in accuracy be-
cause the rotation of the drive motor is transferred into
the rotational motion of the transducer without causing a
backlash.
[0080] The present invention has thus been shown and
described above with reference to specific embodiments,
however, it should be noted that the invention is not lim-
ited to the details of the illustrated structures but changes
and modifications may be made without departing from
the scope of the appended claims.

Claims

1. An ultrasonic probe, comprising:

a housing (4);
a driven shaft (2) rotatably supported by said
housing;
a transducer (1) supported by said driven shaft
to be swingable on one side of said driven shaft
and operative to transduce an electric signal to
and from an ultrasound, said transducer having
said ultrasound emitted therefrom and reflected
thereto through said housing in a predetermined
direction;
a drive shaft (7) rotatably supported by said
housing spaced apart from said driven shaft in
said predetermined direction and in parallel re-
lationship with said driven shaft;
a drive motor (6) supported on said housing and
drivably connected to said drive shaft; and
a drive belt (10; 31; 41) intervening between said
driven shaft and said drive shaft to transmit the
rotation from said drive motor to said transducer

characterized in that said transducer has a con-
cave surface (1b) and said drive belt passes between
said driven shaft and said concave surface of the
transducer.

2. An ultrasonic probe as set forth in claim 1, in which
said transducer (1) has an arcuate shape and said
drive belt (10) is substantially in the form of a loop
shape.

3. An ultrasonic probe as set forth in claim 1, in which
said housing includes an outer case (11); and an
inner case (15) accommodated in said outer case
and held stationary with respect to said outer case,
said driven shaft (2) being rotatably supported by
said inner case; and wherein said probe further com-
prises:

a driven pulley (5) fixedly supported on said driv-
en shaft (2) of said transducer and rotatable to-
gether with said driven shaft; and
a drive pulley (9) fixedly supported on said drive

shaft (7) and rotatable together with said drive
shaft, said drive belt being passed on said driven
pulley (5) and said drive pulley (9).

4. An ultrasonic probe as set forth in claim 3, which
further comprises synchronizing means (5a, 9a, 10a,
10b; 31a, 31b, 31c, 32; 41a, 41b, 41c) for synchro-
nizing said driven pulley with said drive pulley when
said driven pulley is driven to rotate by said drive
pulley through said drive belt.

5. An ultrasonic probe as set forth in claim 4, in which
said synchronizing means is constituted by a first
projection (5a) formed on said driven pulley (5) to
radially project from the outer peripheral surface of
said driven pulley, a second projection (9a) formed
on said drive pulley (9) to radially project from the
outer peripheral surface of said drive pulley, and said
drive belt respectively having first and second holes
(10a, 10b; 31a, 31b; 41a, 41b) formed therein in
spaced apart relationship with each other in the ro-
tation direction of said drive belt, said first and second
holes respectively having said first and second pro-
jections received therein to ensure that said driven
pulley is driven to rotate in synchronism with said
drive pulley.

6. An ultrasonic probe as set forth in claim 3, which
further comprises length adjusting means (41c, 42)
for adjusting the length of said drive belt between
said first pulley and said second pulley.

7. An ultrasonic probe as set forth in claim 6, which
further comprises an adjusting screw (42), and in
which said drive belt has a first engaging portion held
in engagement with said drive pulley, a second en-
gaging portion held in engagement with said driven
pulley and a third engaging portion held in engage-
ment with said drive pulley and formed with an ad-
justing hole (41c) having an inner diameter large
enough to receive therein said adjusting screw (42)
to ensure that said drive belt is adjusted in length
under the state that said first engaging portion and
said second engaging portion are respectively held
in engagement with said drive pulley and said driven
pulley, said length adjusting means being constitut-
ed by said adjusting screw, said drive belt, said drive
pulley and said driven pulley.

8. An ultrasonic probe as set forth in claim 7, in which
said adjusting hole (41c) is in the form of a rectan-
gular shape having a length measured in the longi-
tudinal direction of said drive belt and a width meas-
ured in the direction perpendicular to the longitudinal
direction of said drive belt, said length is larger than
said width.

9. An ultrasonic probe as set forth in claim 8, in which
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said drive belt has an extreme end tab (41i) adjacent
to said adjusting hole (41c) and formed with a pair
of side notches (41e) extending inwardly from the
side surfaces of said drive belt between said adjust-
ing hole (41c) and said extreme end tab (41i) of said
drive belt and symmetrically formed with respect to
the center line of said drive belt.

10. An ultrasonic probe as set forth in claim 3, which
further comprises rotation restricting means (9c,
15a) for restricting the rotation of said drive pulley
(9) to within an allowable rotation range.

11. An ultrasonic probe as set forth in claim 10, which
said drive pulley (9) has a stop projection (9c) pro-
jecting from one side surface of said drive pulley,
said inner case (15) being formed with a groove (15a)
having said stop projection received therein to en-
sure that said drive pulley is allowed to rotate within
said allowable rotation range.

12. An ultrasonic probe as set forth in claim 3, in which
the outer diameter of said driven pulley (5) is larger
than that of said drive pulley (9).

13. An ultrasonic probe as set forth in claim 3, which
further comprises tension imparting means (20) for
imparting tension to said drive belt.

14. An ultrasonic probe as set forth in claim 13, in which
said tension imparting means comprises a swinga-
ble arm (22) having one end portion pivotably sup-
ported on said inner case (15) to be swingable with
respect to said inner case and the other end portion
bent toward said drive belt, an idler roller (21) rotat-
ably supported on the other end portion of said
swingable arm in pressing contact with said drive
belt, and resilient means (23) for resiliently urging
said idler roller into pressing contact with said drive
belt to have said drive belt maintained under its ten-
sioned state.

15. An ultrasonic probe as set forth in claim 14, in which
said resilient means (23) is constituted by a helical
coil spring having one end connected to the longitu-
dinally intermediate portion of said swingable arm
and the other end connected to said inner case (15)
to ensure that said idler roller (21) is held in pressing
contact with said drive belt to have said drive belt
maintained under its tensioned state.

16. An ultrasonic probe as set forth in claim 13, in which
said drive belt (41) while being driven by said drive
pulley is constantly imparted a tension at a tension
level applied when said drive belt is assembled with
said first and second pulleys.

17. A method of producing an ultrasonic probe, compris-

ing the steps of:

preparing a driven shaft (2) having a driven pul-
ley (5) mounted thereon, a transducer(1) sup-
ported by said driven shaft, a drive shaft (7) hav-
ing a drive pulley (9) mounted thereon and ar-
ranged in parallel to said driven shaft and
spaced apart from said driven shaft, an adjusting
screw (42) and a drive belt (41) having first and
second engaging portions (41a, 41b), a third en-
gaging portion (41f) formed with an adjusting
hole (41c) and an extreme end tab (41i);
winding said drive belt (41) onto said drive pulley
(9) and said driven pulley (5) to have said first
and second engaging portions held in engage-
ment with said drive pulley and said driven pul-
ley; and
screwing said drive belt (41) to said drive pulley
by said adjusting screw (42) through said ad-
justing hole (41c) of said drive belt;

characterized in that:

in said preparing step, said transducer (1) has
a concave surface (1b);
and said method further comprises the steps of:

positioning said drive belt to pass between
said driven shaft and said concave surface
of said transducer;
imparting said drive belt wound onto said
drive pulley and said driven pulley a tension
at a predetermined level by pulling said ex-
treme end tab (41i) in the longitudinal direc-
tion of said drive belt until said third engag-
ing portion of said drive belt is screwed to
said drive pulley of said drive shaft; and
cutting and separating said extreme end tab
(41i) from said drive belt.

Patentansprüche

1. Ultraschallsonde mit:

einem Gehäuse (4);
einer von dem Gehäuse drehbar gestützten Ab-
triebswelle (2);
einem Wandler (1), der von der Abtriebswelle
so getragen wird, dass er auf einer Seite der
Abtriebswelle schwenkbar ist, und der so be-
treibbar ist, dass er ein elektrisches Signal in
und aus Ultraschall umwandelt, wobei der
Wandler den Ultraschall durch das Gehäuse in
einer vorgegebenen Richtung von ihm abstrah-
len und an ihm reflektieren lässt;
einer von dem Gehäuse drehbar gestützten An-
triebswelle (7), die von der Abtriebswelle in der
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vorgegebenen Richtung mit Abstand und paral-
lel zu der Abtriebswelle angeordnet ist;
einem Antriebsmotor (6), der an dem Gehäuse
aufgelagert ist und antreibend mit der Antriebs-
welle verbunden ist; und
einem Treibriemen (10; 31; 41), der zwischen
die Abtriebswelle und die Antriebswelle ein-
greift, um die Drehung von dem Antriebsmotor
auf den Wandler zu übertragen,

dadurch gekennzeichnet, dass der Wandler eine
konkave Fläche (1b) hat und der Treibriemen zwi-
schen der Abtriebswelle und der konkaven Fläche
des Wandlers hindurchgeht.

2. Ultraschallsonde nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Wandler (1) eine ge-
krümmte Gestalt hat und der Treibriemen (10) im
Wesentlichen die Form einer Schleife hat.

3. Ultraschallsonde nach Anspruch 1, dadurch ge-
kennzeichnet, dass das Gehäuse ein äußeres Ge-
häuse (11) und ein inneres Gehäuse (15), das in
dem äußeren Gehäuse untergebracht ist und in Be-
zug auf das äußere Gehäuse ortsfest gehalten wird,
aufweist, wobei die Abtriebswelle (2) von dem inne-
ren Gehäuse drehbar gestützt wird, und dass die
Ultraschallsonde weiterhin Folgendes aufweist:

eine Abtriebsrolle (5), die fest an der Abtriebs-
welle (2) des Wandlers gehalten wird und zu-
sammen mit der Abtriebswelle drehbar ist; und
eine Antriebsrolle (9), die fest an der Antriebs-
welle (7) gehalten wird und zusammen mit der
Antriebswelle drehbar ist, wobei der Treibrie-
men auf der Abtriebsrolle (5) und der Antriebs-
rolle (9) geführt wird.

4. Ultraschallsonde nach Anspruch 3, die weiterhin
Synchronisierungsmittel (5a, 9a, 10a, 10b; 31a, 31b,
31c, 32; 41a, 41b, 41c) zum Synchronisieren der Ab-
triebsrolle mit der Antriebsrolle beim Antreiben der
Abtriebsrolle, um die Antriebsrolle über den Treib-
riemen zu drehen, aufweist.

5. Ultraschallsonde nach Anspruch 4, dadurch ge-
kennzeichnet, dass die Synchronisierungsmittel
verkörpert werden von einem ersten Vorsprung (5a),
der an der Abtriebsrolle (5) so ausgebildet ist, dass
er radial aus der äußeren Umfangsfläche der Ab-
triebsrolle herausragt, einem zweiten Vorsprung
(9a), der an der Antriebsrolle (9) so ausgebildet ist,
dass er radial aus der äußeren Umfangsfläche der
Antriebsrolle herausragt, und dem Treibriemen mit
einem ersten bzw. einem zweiten Loch (10a, 10b;
31a, 31b; 41a, 41b), die darin mit Abstand vonein-
ander in Drehrichtung des Treibriemens ausgebildet
sind, wobei das erste und das zweite Loch den ersten

bzw. zweiten Vorsprung aufnehmen, um zu gewähr-
leisten, dass die Abtriebsrolle so angetrieben wird,
dass sie sich im Gleichlauf mit der Antriebsrolle
dreht.

6. Ultraschallsonde nach Anspruch 3, die weiterhin
Längeneinstellmittel (41c, 42) zum Einstellen der
Länge des Treibriemens zwischen der ersten Rolle
und der zweiten Rolle aufweist.

7. Ultraschallsonde nach Anspruch 6, die weiterhin ei-
ne Stellschraube (42) aufweist und dadurch ge-
kennzeichnet ist, dass der Treibriemen einen er-
sten Eingreifteil, der in Eingriff mit der Antriebsrolle
gehalten wird, einen zweiten Eingreifteil, der in Ein-
griff mit der Abtriebsrolle gehalten wird, und einen
dritten Eingreifteil hat, der in Eingriff mit der Antriebs-
rolle gehalten wird und mit einem Stellloch (41c) aus-
gebildet ist, das einen Innendurchmesser hat, der
so groß ist, dass das Stellloch die Stellschraube (42)
aufnehmen kann, um zu gewährleisten, dass die
Länge des Treibriemens in dem Zustand eingestellt
wird, dass der erste Eingreifteil und der zweite Ein-
greifteil in Eingriff mit der Antriebsrolle bzw. der Ab-
triebsrolle gehalten werden, wobei die Längenein-
stellmittel von der Stellschraube, dem Treibriemen,
der Antriebsrolle und der Abtriebsrolle verkörpert
werden.

8. Ultraschallsonde nach Anspruch 7, dadurch ge-
kennzeichnet, dass das Stellloch (41c) die Form
eines Rechtecks hat, das eine in Längsrichtung des
Treibriemens gemessene Länge und eine senkrecht
zur Längsrichtung des Treibriemens gemessene
Breite hat, wobei die Länge größer als die Breite ist.

9. Ultraschallsonde nach Anspruch 8, dadurch ge-
kennzeichnet, dass der Treibriemen eine Hinteres-
Ende-Lasche (41) hat, die an das Stellloch (41c) an-
grenzt und mit einem Paar Seitenkerben (41e) aus-
gebildet ist, die von den Seitenflächen des Treibrie-
mens zwischen dem Stellloch (41c) und der Hinte-
res-Ende-Lasche (41i) des Treibriemens nach innen
verlaufen und in Bezug auf die Mittellinie des Treib-
riemens symmetrisch ausgebildet sind.

10. Ultraschallsonde nach Anspruch 3, die weiterhin
Drehbegrenzungsmittel (9c, 15a) zum Begrenzen
der Drehung der Antriebsrolle (9) auf einen zulässi-
gen Drehbereich aufweist.

11. Ultraschallsonde nach Anspruch 10, dadurch ge-
kennzeichnet, dass die Antriebsrolle (9) einen An-
schlagvorsprung (9c) hat, der aus einer Seitenfläche
der Antriebsrolle herausragt, wobei das innere Ge-
häuse (15) mit einer Nut (15a) ausgebildet ist, die
den Anschlagvorsprung aufnimmt, um zu gewähr-
leisten, dass sich die Antriebsrolle in dem zulässigen
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Drehbereich drehen kann.

12. Ultraschallsonde nach Anspruch 3, dadurch ge-
kennzeichnet, dass der Außendurchmesser der
Abtriebsrolle (5) größer als der der Antriebsrolle (9)
ist.

13. Ultraschallsonde nach Anspruch 3, die weiterhin
Spannmittel (20) zum Spannen des Treibriemens
aufweist.

14. Ultraschallsonde nach Anspruch 13, dadurch ge-
kennzeichnet, dass die Spannmittel Folgendes
aufweisen:

einen schwenkbaren Arm (22), dessen einer
Endteil an dem inneren Gehäuse (15) so dreh-
bar gelagert ist, dass er in Bezug auf das innere
Gehäuse schwenkbar ist, und dessen anderer
Endteil zu dem Treibriemen hin gebogen ist;
eine Spannrolle (21), die an dem anderen End-
teil des schwenkbaren Arms in Druckkontakt mit
dem Treibriemen drehbar gestützt wird; und
Federmittel (23) zum federnden Drücken der
Spannrolle in Druckkontakt mit dem Treibrie-
men, um den Treibriemen in gespanntem Zu-
stand zu halten.

15. Ultraschallsonde nach Anspruch 14, dadurch ge-
kennzeichnet, dass die Federmittel (23) von einer
Schraubenfeder verkörpert werden, deren eines En-
de mit dem Längszwischenteil des schwenkbaren
Arms verbunden ist und deren anderes Ende mit
dem inneren Gehäuse (15) verbunden ist, um zu ge-
währleisten, dass die Spannrolle (21) so in Druck-
kontakt mit dem Treibriemen gehalten wird, dass der
Treibriemen in gespanntem Zustand bleibt.

16. Ultraschallsonde nach Anspruch 13, dadurch ge-
kennzeichnet, dass der Treibriemen (41), während
er von der Antriebsrolle angetrieben wird, ständig
mit einer Spannung mit einem Spannungswert ge-
spannt wird, die aufgebracht wird, wenn der Treib-
riemen mit der ersten und der zweiten Rolle montiert
ist.

17. Verfahren zum Herstellen einer Ultraschallsonde mit
den Schritten:

Herstellen einer Abtriebswelle (2) mit einer dar-
an befestigten Abtriebsrolle (5), eines von der
Abtriebswelle getragenen Wandlers (1), einer
Antriebswelle (7) mit einer Antriebsrolle (9), die
an der Antriebswelle (7) befestigt ist und parallel
zu der Abtriebswelle und im Abstand von der
Abtriebswelle angeordnet ist, einer Stellschrau-
be (42) und eines Treibriemens (41) mit einem
ersten und einem zweiten Eingreifteil (41a, 41b)

und einem dritten Eingreifteil (41f), der mit einem
Stellloch (41c) und einer Hinteres-Ende-Lasche
(41i) ausgebildet ist;
Aufziehen des Treibriemens (41) auf die An-
triebsrolle (9) und die Abtriebsrolle (5) so, dass
der erste und der zweite Eingreifteil in Eingriff
mit der Antriebsrolle und der Abtriebsrolle ge-
halten werden; und
Anschrauben des Treibriemens (41) an die An-
triebsrolle mittels der Stellschraube (42) durch
das Stellloch (41c) des Treibriemens,

dadurch gekennzeichnet, dass
in dem Herstellungsschritt der Wandler (1) eine kon-
kave Fläche (1b) hat und
das Verfahren weiterhin folgende Schritte aufweist:

Positionieren des Treibriemens so, dass er zwi-
schen der Abtriebswelle und der konkaven Flä-
che des Wandlers hindurchgeht;
Spannen des auf die Antriebsrolle aufgezoge-
nen Treibriemens und der Abtriebsrolle mit einer
Spannung mit einem vorgegebenen Wert durch
Ziehen der Hinteres-Ende-Lasche (41i) in
Längsrichtung des Treibriemens, bis der dritte
Eingreifteil des Treibriemens an die Antriebsrol-
le des Antriebswelle angeschraubt ist; und
Schneiden und Abtrennen der Hinteres-Ende-
Lasche (41i) von dem Treibriemen.

Revendications

1. Sonde à ultrasons, comprenant :

un boîtier (4),
un arbre entraîné (2) supporté avec possibilité
de rotation par ledit boîtier,
un transducteur (1) supporté par ledit arbre en-
traîné pour pouvoir osciller sur un côté dudit ar-
bre entraîné et être mis en oeuvre pour convertir
un signal électrique en ultrasons et convertir des
ultrasons en un signal électrique, ledit transduc-
teur ayant des ultrasons émis depuis celui-ci et
réfléchis vers celui-ci au travers dudit boîtier
dans une direction prédéterminée,
un arbre d’entraînement (7) supporté avec pos-
sibilité de rotation par ledit boîtier écarté dudit
arbre entraîné dans ladite direction prédétermi-
née et dans une relation parallèle audit arbre
entraîné,
un moteur d’entraînement (6) supporté sur ledit
boîtier et connecté avec possibilité d’entraîne-
ment audit arbre d’entraînement, et
une courroie d’entraînement (10 ; 31 ; 41) inter-
calée entre ledit arbre entraîné et ledit arbre
d’entraînement pour transmettre le mouvement
de rotation dudit moteur d’entraînement audit
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transducteur,

caractérisé en ce que ledit transducteur comporte
une surface concave (1b) et en ce que ladite cour-
roie d’entraînement passe entre ledit arbre entraîné
et ladite surface concave du transducteur.

2. Sonde à ultrasons selon la revendication 1, dans le-
quel ledit transducteur (1) présente une forme d’arc
et ladite courroie d’entraînement (10) a sensible-
ment la forme d’une boucle.

3. Sonde à ultrasons selon la revendication 1, dans la-
quelle ledit boîtier comprend une enveloppe exté-
rieure (11) et une enveloppe intérieure (15) logée
dans ladite enveloppe extérieure et maintenue de
manière fixe par rapport à ladite enveloppe extérieu-
re, ledit arbre entraîné (2) étant supporté avec pos-
sibilité de rotation par ladite enveloppe intérieure et
ou ladite sonde comprend en outre :

une poulie menée (5) supportée de manière fixe
sur ledit arbre entraîné (2) dudit transducteur et
pouvant tourner en même temps que ledit arbre
entraîné, et
une poulie menante (9) supportée de manière
fixe sur ledit arbre d’entraînement (7) et pouvant
tourner en même temps que ledit arbre d’entraî-
nement, ladite courroie d’entraînement passant
sur ladite poulie menée (5) et ladite poulie me-
nante (9).

4. Sonde à ultrasons selon la revendication 3, qui com-
prend en outre un moyen de synchronisation (5a,
9a, 10a, 10b ; 31a, 31b, 31c, 32 ; 41a, 41b, 41c) afin
de synchroniser ladite poulie menée et ladite poulie
menante lorsque ladite poulie menée est entraînée
en rotation par ladite poulie menante par l’intermé-
diaire de ladite courroie d’entraînement.

5. Sonde à ultrasons selon la revendication 4, dans la-
quelle ledit moyen de synchronisation est constitué
par une première protubérance (5a) formée sur la-
dite poulie menée (5) pour dépasser radialement de
la surface périphérique extérieure de ladite poulie
menée, une seconde protubérance (9a) formée sur
ladite poulie menante (9) pour dépasser radialement
de la surface périphérique extérieure de ladite poulie
menante, et ladite courroie d’entraînement compor-
tant respectivement des premier et second trous
(10a, 10b ; 31a, 31b ; 41a, 41b) formés dans celle-
ci dans une relation espacée l’un avec l’autre dans
la direction de rotation de ladite courroie d’entraîne-
ment, lesdits premier et second trous recevant res-
pectivement dans ceux-ci lesdites première et se-
conde protubérances pour assurer que ladite poulie
menée est entraînée en rotation en synchronisation
avec ladite poulie menante.

6. Sonde à ultrasons selon la revendication 3, qui com-
prend en outre un moyen de réglage de longueur
(41c, 42) destiné à régler la longueur de ladite cour-
roie d’entraînement entre ladite première poulie et
ladite seconde poulie.

7. Sonde à ultrasons selon la revendication 6, qui com-
prend en outre une vis de réglage (42), et dans la-
quelle ladite courroie d’entraînement comporte une
première partie d’engagement maintenue en enga-
gement avec ladite poulie menante, une seconde
partie d’engagement maintenue en engagement
avec ladite poulie menée et une troisième partie
d’engagement maintenue en engagement avec la-
dite poulie menante et formée avec un trou de ré-
glage (41c) ayant un diamètre intérieur suffisam-
ment grand pour recevoir dans celui-ci ladite vis de
réglage (42) pour assurer que ladite courroie d’en-
traînement est réglée à une longueur dans l’état où
ladite première partie d’engagement et ladite secon-
de partie d’engagement sont maintenues respecti-
vement en engagement avec ladite poulie menante
et ladite poulie menée, ledit moyen de réglage de
longueur étant constitué de ladite vis de réglage, de
ladite courroie d’entraînement, de ladite poulie me-
nante et de ladite poulie menée.

8. Sonde à ultrasons selon la revendication 7, dans la-
quelle ledit trou de réglage (41c) a la forme d’un rec-
tangle ayant une longueur mesurée dans la direction
longitudinale de ladite courroie d’entraînement et
une largeur mesurée dans la direction perpendicu-
laire à la direction longitudinale de ladite courroie
d’entraînement, ladite longueur étant plus grande
que ladite largeur.

9. Sonde à ultrasons selon la revendication 8, dans la-
quelle ladite courroie d’entraînement comporte une
patte d’extrémité finale (41i) adjacente audit trou de
réglage (41c) et formée d’une paire d’encoches la-
térales (41e) s’étendant vers l’intérieur à partir des
surfaces latérales de ladite courroie d’entraînement
entre ledit trou de réglage (41c) et ladite patte d’ex-
trémité finale (41i) de ladite courroie d’entraînement
et formées de manière symétrique par rapport à la
ligne centrale de ladite courroie d’entraînement.

10. Sonde à ultrasons selon la revendication 3, qui com-
prend en outre un moyen de limitation de rotation
(9c, 15a) destiné à limiter la rotation de ladite poulie
menante (9) dans la limite d’une plage de rotation
admissible.

11. Sonde à ultrasons selon la revendication 10, dans
laquelle ladite poulie menante (9) comporte une pro-
tubérance d’arrêt (9c) dépassant avec une surface
latérale de ladite poulie menante, ladite enveloppe
intérieure (15) étant formée avec une rainure (15a)
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recevant ladite protubérance d’arrêt dans celle-ci
pour assurer que ladite poulie menante peut tourner
dans les limites de ladite plage de rotation admissi-
ble.

12. Sonde à ultrasons selon la revendication 3, dans la-
quelle le diamètre extérieur de ladite poulie menée
(5) est plus grand que celui de ladite poulie menante
(9).

13. Sonde à ultrasons selon la revendication 3, qui com-
prend en outre un moyen de mise sous tension (20)
destiné à mettre sous tension ladite courroie d’en-
traînement.

14. Sonde à ultrasons selon la revendication 13, dans
laquelle ledit moyen de mise sous tension comprend
un bras pouvant osciller (22) ayant une première par-
tie d’extrémité supportée de manière pivotante sur
ladite enveloppe intérieure (15) pour pouvoir osciller
par rapport à ladite enveloppe intérieure et l’autre
partie d’extrémité courbée en direction de ladite
courroie d’entraînement, une poulie libre (21) sup-
portée avec possibilité de rotation sur l’autre partie
d’extrémité dudit arbre pouvant osciller en contact
de pression avec ladite courroie d’entraînement, et
un moyen à effet ressort (23) destiné à presser avec
un effet ressort ladite poulie libre en contact de pres-
sion avec ladite courroie d’entraînement pour faire
en sorte que ladite courroie d’entraînement soit
maintenue dans son état sous tension.

15. Sonde à ultrasons selon la revendication 14, dans
laquelle ledit moyen à effet ressort (23) est constitué
d’un ressort hélicoïdal ayant une première extrémité
connectée à la partie intermédiaire dans le sens lon-
gitudinal dudit arbre pouvant osciller et l’autre extré-
mité connectée à ladite enveloppe intérieure (15)
pour assurer que ladite poulie libre (21) est mainte-
nue en contact de pression avec ladite courroie d’en-
traînement pour faire en sorte que ladite courroie
d’entraînement soit maintenue dans son état sous
tension.

16. Sonde à ultrasons selon la revendication 13, dans
laquelle ladite courroie d’entraînement (41) tout en
étant entraînée par ladite poulie menante est cons-
tamment mise sous tension à un niveau de tension
appliqué lorsque ladite courroie d’entraînement est
assemblée avec lesdites première et seconde pou-
lies.

17. Procédé de fabrication d’une sonde à ultrasons,
comprenant les étapes consistant à :

préparer un arbre d’entraînement (2) compor-
tant une poulie menée (5) montée sur celui-ci,
un transducteur (1) supporté par ledit arbre en-

traîné, un arbre d’entraînement (7) comportant
une poulie menante (9) montée sur celui-ci et
agencé parallèlement audit arbre entraîné et
écarté dudit arbre entraîné, une vis de réglage
(42) et une courroie d’entraînement (41) com-
portant des première et seconde parties d’en-
gagement (41a, 41b), une troisième partie d’en-
gagement (41f) formée d’un trou de réglage
(41c) et d’une patte d’extrémité finale (41i),
enrouler ladite courroie d’entraînement (41) sur
ladite poulie menante (9) et ladite poulie menée
(5) pour faire en sorte que lesdites première et
seconde parties d’engagement soient mainte-
nues en contact avec ladite poulie menante et
ladite poulie menée, et
visser ladite courroie d’entraînement (41) sur la-
dite poulie menante par le biais de ladite vis de
réglage (42) au travers dudit trou de réglage
(41c) de ladite courroie d’entraînement,

caractérisé en ce que :

dans ladite étape de préparation, ledit transduc-
teur (1) comporte une surface concave (1b) et
ledit procédé comprend en outre les étapes con-
sistant à :

positionner ladite courroie d’entraînement
pour qu’elle passe entre ledit arbre entraîné
et ladite surface concave dudit transduc-
teur,
mettre sous tension ladite courroie d’entraî-
nement enroulée sur ladite poulie menante
et ladite poulie à un niveau prédéterminé en
tirant ladite patte d’extrémité finale (41i)
dans la direction longitudinale de ladite
courroie d’entraînement jusqu’à ce que la
troisième partie d’engagement de ladite
courroie d’entraînement soit vissée à ladite
poulie menante dudit arbre d’entraînement,
et
découper et séparer ladite patte d’extrémité
finale (41i) de ladite courroie d’entraîne-
ment.
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