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ULTRASONIC HORN

BACKGROUND OF THE INVENTION

Technical Field

[0001] The present invention relates to an ultrasonic horn.

The application claims the priority on the basis of Japanese Patent No. 2015-238059

filed in Japan on December 4, 2015, the content of which is incorporated herein.

Related Art

[0002] For example, patent literature 1 discloses an ultrasonic complex vibration

device, which is provided with a longitudinal-torsional vibration conversion slit unit for

converting longitudinal vibration into torsional vibration on a rod periphery.

According to such an ultrasonic complex vibration generating device, vibration in a

longitudinal direction and vibration in a torsional direction can be generated complexly.

[Literature of related art]

[Patent literature]

[0003] Patent literature 1: Japanese Laid-open No. 2013-111508

SUMMARY

[Problems to be Solved]

[0004] Incidentally, an ultrasonic complex vibration device is considered to be used

as an ultrasonic processing machine by providing a gripper and mounting a head for

processing on a front end. In the ultrasonic complex vibration device disclosed in

patent literature 1, a longitudinal-torsional vibration conversion slit unit is peripherally
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arranged on a rod periphery. Therefore, arrangement positions of the gripper and the

head for processing are limited by the longitudinal-torsional vibration conversion slit

unit, and the gripper and the head for processing are hard to be arranged near the

longitudinal-torsional vibration conversion slit unit.

[0005] The present invention is accomplished based on the above problems, and

provides an ultrasonic horn which makes it easy to arrange the gripper and the head for

processing.

[Means to Solve the Problems]

[0006] In order to achieve the above purpose, the ultrasonic horn in one

embodiment of the present invention includes: a vibration generating unit configured to

generate longitudinal vibration having a frequency in the ultrasonic band on the basis of

a signal having a frequency in the ultrasonic band input from an oscillator; a vibration

amplifying unit configured to amplify while transmitting the longitudinal vibration from

the vibration generating unit; and a longitudinal-torsional vibration conversion slit unit

having slits formed in a groove-like shape on the surface of the vibration amplifying

unit and configured to convert the longitudinal vibration into torsional vibration. The

vibration amplifying unit has a polygonal shape in a plane view, and has a plurality of

surfaces provided with slits along with a surface not provided with slits.

[0007] The slits may be formed obliquely relative to a transmitting direction of the

longitudinal vibration.

[0008] The vibration amplifying unit may have a rectangular shape in a plane view,

and the slits may be provided on two opposite surfaces of the vibration amplifying unit.

[0009] The vibration generating unit may generate longitudinal vibration having a

single frequency.
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[Effect]

[0010] According to the embodiment of the present invention, the vibration

amplifying unit has a polygonal shape in a plane view, and has a plurality of surfaces

provided with slits along with a surface not provided with slits. A plurality of surfaces

are provided with slits so that longitudinal vibration can be converted into torsional

vibration. Besides, on the surface not provided with slits, a gripper and a head for

processing can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a top view schematically showing an ultrasonic horn in one

embodiment of the present invention.

FIG. 2 is a perspective view including a vibration amplifying unit and a

longitudinal-torsional vibration conversion slit unit in one embodiment of the present

invention.

FIG. 3A is a top view of the ultrasonic horn in one embodiment of the present

invention and shows an instantaneous vibration direction.

FIG. 3B is a side view of the ultrasonic horn in one embodiment of the

present invention and shows an instantaneous vibration direction.

FIG. 3C is a bottom view of the ultrasonic horn in one embodiment of the

present invention and shows an instantaneous vibration direction.

FIG. 3D is a side view in a transmitting direction of the longitudinal vibration

of the ultrasonic horn in one embodiment of the present invention, and shows an

instantaneous vibration direction.

FIG. 4A is a drawing showing a variation of the vibration amplifying unit in



-4-

one embodiment of the present invention and is a perspective view.

FIG. 4B is a drawing showing an variation of the vibration amplifying unit in

one embodiment of the present invention, and is a cross-section view in a position

which is provided with the longitudinal-torsional vibration conversion slit unit.

DESCRIPTION OF THE EMBODIMENTS

[0012] An ultrasonic horn in one embodiment of the present invention is described

below with reference to drawings.

[0013] FIG. 1 is a top view schematically showing an ultrasonic horn 1 in the

embodiment.

The ultrasonic horn 1 is a device which vibrates based on a signal input from an

oscillator 2. The ultrasonic horn 1 includes, as shown in FIG. 1, a vibrator (vibration

generating unit) 3, a vibration amplifying unit 4, and a longitudinal-torsional vibration

conversion slit unit 5. The oscillator 2 is configured to input the signal of a driving

frequency of the vibrator 3 into the vibrator 3. On the basis of the signal having a

frequency in the ultrasonic band input from the oscillator 2, the vibrator 3 can excite, for

example, 40 kHz ultrasonic longitudinal vibration and is connected to a vibration

amplifying unit 4. A longitudinal-torsional vibration conversion slit unit 5 is

constituted by a plurality of slits formed in a groove-like shape on the surface of the

vibration amplifying unit 4. The oscillator 2 and the vibrator 3 cause the ultrasonic

horn 1 to generate longitudinal vibration having a single frequency. Furthermore, a

range of the driving frequency generated from the oscillator 2 is, for example, the

ultrasonic band from 10 kHz to 200 kHz.

[0014] FIG. 2 is a perspective view including the vibration amplifying unit 4 and
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the longitudinal-torsional vibration conversion slit unit 5 in the embodiment.

As shown in FIG. 2, in a top view, the vibration amplifying unit 4 has a quadrangular

prism shape which has a top surface 4A and a bottom surface 4B in an isosceles

trapezium shape and a solid cross-section surface. The top surface 4A is a surface

opposite to the bottom surface 4B. On the top surface 4A and the bottom surface 4B,

two upper slits 5a and two lower slits 5b which constitute the longitudinal-torsional

vibration conversion slit unit 5 are formed. Besides, the vibration amplifying unit 4

has a side surface 4C, a side surface 4D, an end surface 4E, and an end surface 4F

which are surfaces not provided with the longitudinal-torsional vibration conversion slit

unit 5.

[0015] The side surface 4C and the side surface 4D are opposite to each other; when

the ultrasonic horn 1 is used as an ultrasonic processing machine, a gripper can be

arranged in a position of the longitudinal vibration node in the side surface 4C and the

side surface 4D. The end surface 4E and the end surface 4F are located in parallel, and

have a rectangular shape in a plane view. The end surface 4 contacts the vibrator 3.

Besides, the end surface 4F is set with an area smaller than the area of the end surface

4E. Furthermore, a head for processing can be mounted on the end surface 4F. That

is, the vibration amplifying unit 4 is formed in a taper shape which is tapered toward the

end surface 4F in the transmitting direction of the longitudinal vibration. The

vibration amplifying unit 4 is configured to amplify amplitude of the longitudinal

vibration transmitted from the vibrator 3.

[0016] As shown in FIG. 2, the longitudinal-torsional vibration conversion slit unit

5 has two upper slits 5a formed on the top surface 4A and two lower slits 5b formed on

the bottom surface 4B. Such a longitudinal-torsional vibration conversion slit unit 5 is
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set so as to make all the slits same in depth and width. Furthermore, the upper slits 5a

and the lower slits 5b do not pass through the vibration amplifying unit 4. And the

maximum depth of all the upper slits 5a and the lower slits 5b is less than 1/2 of the

vertical thickness of the vibration amplifying unit 4. Besides, the

longitudinal-torsional vibration conversion slit unit 5 is desirably arranged in a position

of the longitudinal vibration node in the vibration amplifying unit 4.

[0017] Besides, the upper slits 5a are formed so that the two upper slits 5a lay

side-by-side in parallel, and are formed obliquely for 45° relative to the transmitting

direction of the longitudinal vibration (the direction of arrow A shown in FIG. 1 and

FIG. 2). The lower slits 5b are formed so that the two lower slits 5b lay side-by-side in

parallel, and are formed obliquely for 45° relative to the transmitting direction of the

longitudinal vibration in an opposite direction of the inclination of the upper slits 5a.

That is, the upper slits 5a and the lower slits 5b are arranged, observed from the top

surface 4A side, line-symmetrically to a line parallel to the transmitting direction of the

longitudinal vibration which passes through a center of the end surface 4E. Provided

with such a structure, the longitudinal-torsional vibration conversion slit unit 5 converts

the longitudinal vibration transmitted from the vibrator 3 into the torsional vibration.

Furthermore, the upper slits 5a and the lower slits 5b are desirably formed obliquely in a

range from 10° to 80° relative to the transmitting direction of the longitudinal vibration.

[0018] By having the above mentioned structure, the ultrasonic horn 1 can generate

the ultrasonic longitudinal vibration which is generated by the vibrator 3, and the

ultrasonic torsional vibration which is generated by the longitudinal-torsional vibration

conversion slit unit 5 at the same time.

[0019] Next, an operation of the ultrasonic horn 1 in the embodiment is described.
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FIG. 3A to FIG. 3D are drawings showing an instantaneous vibration direction of the

vibration amplifying unit 4 in the embodiment. FIG. 3A is a top view of the vibration

amplifying unit 4, FIG. 3B is a side view of the vibration amplifying unit 4, FIG. 3C is a

bottom view of the vibration amplifying unit 4, and FIG. 3D is an end view of the

vibration amplifying unit 4 in the longitudinal vibration transmitting direction.

Furthermore, solid arrows in FIG. 3A to FIG. 3D represent the longitudinal vibration,

and dotted arrows in FIG. 3A to FIG. 3D represent the torsional vibration.

[0020] When the ultrasonic horn 1 is driven, a signal is input to the vibrator 3 from

the oscillator 2, and the ultrasonic longitudinal vibration of the vibrator 3 is excited.

As shown in FIG. 3A to FIG. 3D, in the vibration amplifying unit 4, the longitudinal

vibration is transmitted from the end surface 4E side which contacts the vibrator 3.

The longitudinal vibration which is transmitted to the vibration amplifying unit 4

changes the transmitting direction by passing through the longitudinal-torsional

vibration conversion slit unit 5.

[0021] In this case, the transmitting direction of the longitudinal vibration which

reaches the upper slits 5a on the longitudinal-torsional top surface 4A side is inflected

towards the side surface 4D by the upper slits 5a, so that the longitudinal vibration is

converted to flexural vibration. Besides, the longitudinal vibration which reaches the

lower slits 5b on the bottom surface 4B side is inflected towards the side surface 4C by

the lower slits 5b, and is converted to the flexural vibration.

[0022] Accordingly, as shown in FIG. 3A to FIG. 3D, the flexural vibration which

passes through the upper slits 5a and the flexural vibration which passes through the

lower slits 5b are transmitted toward directions opposite to each other. Therefore, the

vibration amplifying unit 4 generates the torsional vibration which twists using the
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longitudinal vibration transmitting direction as an axis. That is, the longitudinal

vibration passes through the upper slits 5a and the lower slits 5b so that the torsional

vibration is generated in the end surface 4F. Besides, the longitudinal vibration which

does not pass through the longitudinal vibration upper slits 5a and the lower slits 5b

remains as longitudinal vibration in the end surface 4F. The vibration is converted into

the longitudinal-torsional vibration by being propagated to the entire ultrasonic horn 1.

Accordingly, in the vibration amplifying unit 4, both the longitudinal vibration and the

torsional vibration are generated. Furthermore, arrows shown in FIG. 3A to FIG. 3D

show an instantaneous vibration direction, and directions of the longitudinal vibration

and the torsional vibration reverse constantly.

[0023] In the ultrasonic horn 1 in the embodiment, the upper slits 5a are formed on

the top surface 4A of the vibration amplifying unit 4 and the lower slits 5b are formed

on the bottom surface 4B. In contrast, the slits are not formed on the side surface 4C

and the side surface 4D. Accordingly, by the upper slits 5a and the lower slits 5b

provided on two surfaces, the longitudinal vibration can be converted to the torsional

vibration. Besides, on the side surface 4C and the side surface 4D which are not

provided with the slits, the head for processing can be fixed.

[0024] Besides, the longitudinal-torsional vibration conversion slit unit 5 is formed

on the vibration amplifying unit 4 so that it is unnecessary to arrange a rod.

Accordingly, the ultrasonic horn 1 in the embodiment can simplify the structure.

Accordingly, the ultrasonic horn 1 can more effectively transmit vibration.

[0025] Besides, according to the ultrasonic horn 1 in the embodiment, the vibration

amplifying unit 4 has a rectangular shape in a plane view in the longitudinal vibration

transmitting direction. Therefore, a special tool for processing is unnecessary when
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the longitudinal-torsional vibration conversion slit unit 5 is formed.

[0026] Besides, according to the ultrasonic horn 1 in the embodiment, the slits 5a,

5b of the longitudinal-torsional vibration conversion slit unit 5 are provided on the top

surface 4A and the bottom surface 4B opposite to the top surface 4A. Accordingly, the

flexural vibration on the top surface 4A side and the flexural component on the bottom

surface 4B side are equal in strength. Therefore, the torsional vibration can be

generated stably.

[0027] Furthermore, the slits 5a, 5b of the longitudinal-torsional vibration

conversion slit unit 5 in the embodiment are formed obliquely for 45° relative to the

longitudinal vibration transmitting direction. Accordingly, the longitudinal vibration

which reaches the upper slits 5a and the lower slits 5b is vertically inflected to the

flexural vibration, and thus strength of the flexural vibration component is great.

Therefore, the longitudinal-torsional vibration conversion slit unit 5 can more

effectively convert the longitudinal vibration into the torsional vibration.

[0028] Besides, on the side surface 4C and the side surface 4D which are surfaces

not provided with the slits 5a, 5b, the gripper can be arranged and the head for

processing can be fixed. The side surface 4C and the side surface 4D are arranged in

opposite positions, so that the side surface 4C and the side surface 4D can stably

support the head for processing by fixing the head for processing on two surfaces.

[0029] Besides, according to the ultrasonic horn 1 in the embodiment, the oscillator

2 and the vibrator 3 generate the longitudinal vibration having a single frequency.

That is, the ultrasonic horn 1 can generate longitudinal vibration and torsional vibration

by the longitudinal vibration having a single frequency. Therefore, it is unnecessary to

arrange the oscillator 2 and the vibrator 3 for every vibration type, and the structure of
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the ultrasonic 1 can be simplified.

[0030] Furthermore, the present invention is not limited to the above embodiment,

for example, the following variation is considered.

[0031] (1) In the above embodiment, the longitudinal-torsional vibration conversion

slit unit 5 is constituted by the slits 5a, 5b which are formed on the top surface 4A and

the bottom surface 4B, but the present invention is not limited thereto.

FIG. 4A and FIG. 4B are drawings showing a variation of the vibration amplifying unit

4 in the embodiment; FIG. 4A is a perspective view, and FIG. 4B is a cross-section view

in a position which is provided with the longitudinal-torsional vibration conversion slit

unit 5. As shown in FIG. 4A, the slits which constitute the longitudinal-torsional

vibration conversion slit unit 5 may be arranged on the side surface 4C and the side

surface 4D.

Furthermore, when the slits are formed on the side surface 4C and the side surface 4D,

the slits are considered to be formed, as shown by the solid line in FIG. 4B, toward a

vertical direction relative to the side surface 4C and the side surface 4D, or the slits are

considered to be formed, as shown by the dotted line in FIG. 4B, vertically relative to

the transmitting direction of the longitudinal vibration.

[0032] (2) Besides, in the above embodiment, the vibration amplifying unit 4 is in a

quadrangular prism shape, and the end surface 4E and the end surface 4F are in a

rectangular shape, but the present invention is not limited thereto. The end surface 4E

and the end surface 4F may also be a polygon such as a triangle, a pentagon and so on.

[0033] (3) Besides, in the above embodiment, the slits which constitute the

longitudinal-torsional vibration conversion slit unit 5 are formed on two surfaces which

are the side surface 4C and the side surface 4D, but the present invention is not limited
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thereto. When the end surface 4E and the end surface 4F are in a polygonal shape

which has more than four angles, as long as surfaces besides the end surface 4E and the

end surface 4F which are not provided with the slits are included, the

longitudinal-torsional vibration conversion slit unit 5 may be constituted by the slits

which are form on more than two surfaces.

[0034] (4) Besides, in the above embodiment, the slits which constitute the

longitudinal-torsional vibration conversion slit unit 5 are formed obliquely for 45°

relative to the transmitting direction of the longitudinal vibration, but the present

invention is not limited thereto.

The slits which constitute the longitudinal-torsional vibration conversion slit unit 5 may

be formed obliquely for, for example, 30° relative to the transmitting direction of the

longitudinal vibration. In this case, the upper slits 5a are formed to incline clockwise

for 30° with respect to the longitudinal vibration transmitting direction (the arrow A

shown in FIG. 2), and the lower slits 5b are formed to incline anticlockwise for 30°

relative to the longitudinal vibration transmitting direction (the arrow A shown in FIG.

2). Accordingly, strength of the flexural vibration is in the same degree so that stable

torsional vibration is obtained.

[0035] (5) Besides, in the above embodiment, on the surfaces which are not

provided with the slits (the side surface 4C and the side surface 4D), the gripper can be

arranged and the head for processing can be mounted, but the present invention is not

limited thereto. On the surfaces which are provided with the slits (the top surface 4A

and the bottom surface 4B), the gripper can also be arranged and the head for processing

can also be mounted in a position which does not contact the slits.

[0036] (6) Besides, in the above embodiment, with respect to one surface of the
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vibration amplifying unit 4, two upper slits 5a and two lower slits 5b are respectively

arranged on the top surface 4A and the bottom surface 4B, but the present invention is

not limited thereto. The upper slit 5a and the lower slit 5b may also be one for each, or

be more than three for each.(7) Besides, in the longitudinal-torsional vibration convert

slit unit 5 in the above embodiment, all the slits are the same in depth and width, but the

present invention is not limited thereto. The Depth, width and shape of the slits can

change according to the shape and the like of the vibration amplifying unit 4.

[0038] (8) Besides, in the above embodiment, only one oscillator 2 is arranged, but

the present invention is not limited thereto. A plurality of oscillators 2 may be arranged

to apply a plurality of frequencies to the vibrator 3. Furthermore, when a plurality of

oscillators 2 are arranged, an adder or a multiplier may be arranged between the

oscillator 2 and the vibrator 3.

[Industrial Applicability]

[0039] The present invention is suitable as an ultrasonic horn used in a wire bonding

device. Furthermore, the present invention can also be applied to a device, such as a

welding device, which provides ultrasonic vibration to an object.

[Description of the Symbols]

[0040] 1 Ultrasonic horn

2 Oscillator

3 Vibrator

4 Vibration amplifying unit

4A Top surface

4B Bottom surface
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4C Side surface

4D Side surface

4E End surface

4F End surface

5 Longitudinal-torsional vibration conversion slit unit

5a Upper slit

5b Lower slit
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WHAT IS CLAIMED IS:

1. An ultrasonic horn, comprising:

a vibration generating unit configured to generate longitudinal vibration

having a frequency in the ultrasonic band on the basis of a signal having a frequency in

the ultrasonic band input from an oscillator;

a vibration amplifying unit configured to amplify the longitudinal vibration

while transmitting the longitudinal vibration from the vibration generating unit; and

a longitudinal-torsional vibration conversion slit unit having slits formed in a

groove-like shape on surfaces of the vibration amplifying unit and configured to convert

the longitudinal vibration into torsional vibration,

wherein the vibration amplifying unit has a polygonal shape in a plane view,

and has a plurality of surfaces provided with the slits along with a surface not provided

with the slits.

2. The ultrasonic horn according to claim 1, wherein the slits are formed

obliquely relative to a transmitting direction of the longitudinal vibration.

3. The ultrasonic horn according to claim 1 or 2, wherein

the vibration amplifying unit has a rectangular shape in a plane view, and

the slits are provided on two opposite surfaces of the vibration amplifying

unit.

4. The ultrasonic horn according to any one of claims 1 to 3, wherein the

vibration generating unit generates the longitudinal vibration having a single frequency.


