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DESCRIPTION

Title of the Invention

ULTRASONIC JOINING APPARATUS

Technical Field
[0001] The present invention relates to an ultrasonic joining apparatus joining works,

such as metals and plastics, by an ultrasonic vibration.

Background Art

[0002] Conventionally, ultrasonic joining has been utilized to join plastics used for food
packs and the like or metals, such as battery components. A common ultrasonic joining
apparatus ultrasonically vibrates the tip of a joining tip (tool) to repeatedly apply pressure
to joining targets (works) for joining.

[0003] For example, in an ultrasonic processing apparatus in Patent Literature 1 below,
an ultrasonic transducer for longitudinal waves and an ultrasonic horn for composite
vibration conversion are individually connected to an ultrasonic corn by connection screws.
Further, a welding tip is installed at the tip of the ultrasonic horn for composite vibration
conversion. Metal materials to be welded are held and pressurized by the welding tip, an
anvil, and a pressure device.

[0004]  Further, in the ultrasonic horn for composite vibration conversion, oblique slits
are provided. The oblique slits are provided at equal intervals at a plurality of positions
in the circumferential direction of the ultrasonic horn for composite vibration conversion
in a node portion of a longitudinal vibration. A longitudinal vibration mode is converted
into a composite vibration mode containing a longitudinal vibration and a torsional

vibration in terms of vector.

Citation List
Patent Literature

[0005]  Patent Literature 1: Japanese Patent Application Laid-Open No. 8-294673



10

15

20

25

30

Summary of Invention

Technical Problem

[0006] In the ultrasonic horn for composite vibration conversion described in Patent
Literature 1, a plurality of types of horn tips different in length or thickness according to
works is used in some cases. However, there has been a problem that it is difficult to
appropriately adjust the elliptical ratio and the amplitude according to the horn tip type.
[0007]  Although it is possible to prepare the ultrasonic horn for composite vibration
conversion according to the horn tip type to obtain desired elliptical ratio and amplitude, a
labor for the preparation and a cost burden increase.

[0008] The present invention has been made in view of such circumstances. It is an
object of the present invention to provide an ultrasonic joining apparatus capable of easily

changing the elliptical ratio and the amplitude of a composite vibration.

Solution to Problem

[0009]  The present invention is an ultrasonic joining apparatus joining a plurality of
works stacked between a first member and a second member arranged at a position facing
the first member by vibrating the first member by an ultrasonic vibration in which a
vibration component in a first direction perpendicular to a direction in which the first
member presses and a vibration component in a second direction orthogonal to the first
direction are combined and including an ultrasonic vibration transmitting portion
transmitting the ultrasonic vibration to the first member, in which the first member is
attached to a tip portion of the ultrasonic vibration transmitting portion and a detachable
vibration adjustment member is attached to a position not interfering with the first member
of the tip portion.

[0010] The ultrasonic joining apparatus of the present invention presses the first member
against the works regardless of the arrangement direction (horizontal direction, tilt
direction) of the first member and the second member, and then vibrates the first member
by the ultrasonic vibration (composite vibration) in which the component in the first

direction perpendicular to the press direction and the component in the second direction
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perpendicular to the first direction are combined. This enables this apparatus to join the
works while removing impurities on the work surface.

[0011]  According to this ultrasonic joining apparatus, the first member is attached to the
tip portion of the ultrasonic vibration transmitting portion and the vibration adjustment
member is detachably attached at the position not interfering with the first member of the
tip portion. When the vibration adjustment member is attached, the amplitude and the
resonance frequency of the first member change depending on the position, weight, and the
like thereof, so that the aspect ratio of the composite vibration changes. More specifically,
this apparatus can easily change the composite vibration by adjusting the vibration
adjustment member according to the type of the first member and the work or the like.
[0012] Itis preferable in the ultrasonic joining apparatus of the present invention that an
attachment portion to which the vibration adjustment member is attached is provided at a
position opposite to the first member with respect to the center of the tip portion of the
ultrasonic vibration transmitting portion.

[0013]  According to this configuration, the first member is attached to the lower side of
the tip portion of the ultrasonic vibration transmitting portion and the attachment portion of
the vibration adjustment member is provided at the position on the opposite side with
respect to the center of the tip portion. This apparatus can change the composite vibration
particularly by generating a component in the major axis direction of the first member by
the weight of the vibration adjustment member.

[0014]  Further, in the ultrasonic joining apparatus of the present invention, two or more
of the attachment portions to which the vibration adjustment members are attached may be
provided at symmetrical positions with respect to the center of the tip portion of the
ultrasonic vibration transmitting portion.

[0015]  According to this configuration, a joining tip is attached to the lower side of the
tip portion of the ultrasonic vibration transmitting portion and the plurality of attachment
portions for the vibration adjustment members are provided at the symmetrical positions
with respect to the center of the tip portion. This apparatus can change the composite
vibration by attaching the vibration adjustment members to horizontally symmetrical

positions to thereby adjust the balance of a component perpendicular to the major axis
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direction of the first member (horizontal component of the first member), for example.
[0016]  Further, it is preferable in the ultrasonic joining apparatus of the present invention
that the attachment portion is a recess portion or a hole portion, a female screw thread is
formed in the recess portion or the hole portion, and the vibration adjustment member has
a male screw portion.

[0017] The attachment portion provided in the ultrasonic vibration transmitting portion
has the recess portion or the hole portion (through-hole) in which the female screw thread
is formed. Further, the vibration adjustment member has the male screw portion.  This
enables this apparatus to change the composite vibration by surely bonding the vibration
adjustment member to the recess portion or the hole portion and adjusting the projection
length of the vibration adjustment member.

[0018]  Further, it is preferable in the ultrasonic joining apparatus of the present invention
that a spacer capable of adjusting the weight is provided and the spacer is arranged between
the vibration adjustment member and the outer periphery of the ultrasonic vibration
transmitting portion.

[0019]  The ultrasonic joining apparatus of the present invention includes the spacer
capable of adjusting the weight between the vibration adjustment member and the outer
periphery of the ultrasonic vibration transmitting portion. This enables this apparatus to
change the composite vibration by changing the shape, thickness, and the like of the spacer
to thereby change the weight without changing the size of the vibration adjustment member.
[0020]  Further, it is preferable in the ultrasonic joining apparatus of the present invention
that the first member is a joining tip and the second member is an anvil.

[0021]  According to this configuration, the first member is the joining tip and, for
example, the joining tip is attached to the lower side of the tip portion of the ultrasonic
vibration transmitting portion and the detachable vibration adjustment member is attached
to the upper side of the tip portion. This enables this apparatus to change the composite

vibration.

Brief Description of Drawings

[0022] FIG. 1 is a view explaining the entire configuration of an ultrasonic joining
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apparatus according to an embodiment of the present invention.

FIG. 2A is a view explaining an ultrasonic LT horn of the ultrasonic joining
apparatus of FIG. 1 (1).

FIG. 2B is a view explaining the ultrasonic LT horn of the ultrasonic joining
apparatus of FIG. 1 (2).

FIG. 3A is an example of how to attach adjustment screws to the tip portion of
the ultrasonic LT horn (1).

FIG. 3B is an example of how to attach the adjustment screws to the tip portion
of the ultrasonic LT horn (2).

FIG. 3C is an example of how to attach the adjustment screw to the tip portion of
the ultrasonic LT horn (3).

FIG. 4 is a view explaining a measurement method of a composite vibration of a
horn tip.

FIG. 5Ais a view explaining a measurement result (no adjustment screws) of the
composite vibration of the horn tip.

FIG. 5B is a view explaining a measurement result (conditions 1) of the
composite vibration of the horn tip.

FIG. 5C is a view explaining a measurement result (conditions 2) of the
composite vibration of the horn tip.

FIG. 5D is a view explaining a measurement result (conditions 3) of the
composite vibration of the horn tip.

FIG. 5E is a view explaining a measurement result (conditions 4) of the

composite vibration of the horn tip.

Description of Embodiments

[0023]  Hereinafter, an embodiment of an ultrasonic joining apparatus of the present
invention is described referring to the drawings.

[0024]  First, the entire configuration of an ultrasonic joining apparatus 1 according to
the embodiment of the present invention is described with reference to FIG. 1. The

ultrasonic joining apparatus 1 is an apparatus joining (welding) joining targets (works),
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such as metal plates, utilizing an ultrasonic composite vibration described later. The
ultrasonic joining apparatus 1 is mainly used for joining electrodes of lithium ion batteries,
semiconductor devices, and the like and metals of the same type or different types.

[0025] The ultrasonic joining apparatus 1 contains an ultrasonic transducer (Langevin
Type) 2, an ultrasonic amplifying horn 3, an ultrasonic LT horn 4, a horn tip 6, and an anvil
7. Further, an oscillation device 8, a pressure device 10, a sensor 12, a control device 13,
and a display device 14 also form a part of the ultrasonic joining apparatus 1.

[0026] When a power supply voltage is applied to the oscillation device 8 from a power
supply (not illustrated), a voltage signal is transmitted to a positive electrode and a negative
electrode of the ultrasonic transducer 2, the ultrasonic transducer 2 vibrates, so that an
ultrasonic vibration (about 20 kHz) is generated. The ultrasonic vibration generated in the
ultrasonic transducer 2 is transmitted to the ultrasonic amplifying horn 3 having a
cylindrical shape attached to one end portion of the ultrasonic transducer 2, so that the
vibration amplitude is amplified. Further, the ultrasonic vibration is transmitted to the
ultrasonic LT horn 4 having a cylindrical shape (equivalent to the "ultrasonic vibration
transmitting portion" of the present invention) attached to one end portion (end portion on
the side not facing the ultrasonic transducer 2) of the ultrasonic amplifying horn 3.

[0027]  Although the ultrasonic vibration generated in the ultrasonic transducer 2 is
transmitted in the major axis direction of the ultrasonic amplifying horn 3 and the ultrasonic
LT horn 4 so far (longitudinal vibration of ultrasonic waves), a vibration component
converted into a transverse vibration from a longitudinal vibration is generated by a
plurality of oblique slits 4a of the ultrasonic LT horn 4. Then, the ultrasonic vibration
(composite vibration) is transmitted to the horn tip 6 (equivalent to the "joining tip" and the
"first member" of the present invention) screwed to one end portion (end portion on the
side not facing the ultrasonic amplifying horn 3) of the ultrasonic LT horn 4.

[0028]  Asillustrated in the figure, a tip portion 4b of the ultrasonic LT horn 4 is formed
into a ring shape (cylindrical shape) having a hollowed central portion. Although details
are described later, screw holes are formed at upper-and-lower and right-and-left positions
of the tip portion 4b in a front view. An adjustment screw 5 (equivalent to the "vibration

adjustment member" of the present invention) is attached to the screw hole at the upper
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position. The horn tip 6 is attached to the screw hole at the lower position. The tip
portion of the ultrasonic amplifying horn 3 is not limited to the cylindrical shape and may
have a polygonal shape. Further, a column or a polygonal column may be acceptable.
[0029] The adjustment screw 5 is changeable in length, thickness, and head size of the
screw. Thus, the weight of the adjustment screw 5 changes, and therefore the amplitude,
resonance frequency, and the like of the composite vibration change, and further the
elliptical ratio of the composite vibration can be changed.

[0030] The horn tip 6 contains a truncated conical base portion 6a and a tip portion 6b
contacting works W in joining. By adjusting the phase of the ultrasonic vibration with the
oscillation device 8, the composite vibration (for example, elliptical vibration) is generated
in one end portion of the ultrasonic LT horn 4, so that the tip portion 6b of the horn tip 6
vibrates the surface of the works W while drawing an elliptical orbit. This vibration
eliminates impurities of the surface of the works W and further promotes the plastic
deformation of the surface of the works W.  The horn tip 6 has various shapes and can be
replaced according to the type of the works W for use.

[0031] When the composite vibration is further described, this vibration is a vibration in
which a vibration component in a first direction perpendicular to the press direction when
the tip portion 6b of the horn tip 6 presses the works W and a vibration component in a
second direction orthogonal to the first direction are combined. When the vibration
component in the first direction and the vibration component in the second direction are
1:1, acircular vibration is generated. In the case of 2:1, an elliptical vibration is generated.
[0032]  Further, a block for pressurization with high rigidity (not illustrated) contacts a
flange portion 3a of the ultrasonic amplifying horn 3. Therefore, the ultrasonic joining
apparatus 1 can be vertically moved through the block for pressurization moving up and
down by controlling the pressure device 10 by the control device 13. Then, the works W
are placed on the anvil 7 (equivalent to the "second member" of the present invention)
which is a pedestal, whereby the tip portion 6b of the horn tip 6 contacts the works W, so
that static pressure (200 to 800 N in joining) is applied.

[0033]  Further, a sensor (stroke sensor) 12 detecting the displacement of the block for

pressurization is provided and acquires the work W pushing amount of the horn tip 6.  The
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sensor 12 feeds back a coordinate change in the vertical direction of the horn tip 6 in joining
to the control device 13 (the dashed line indicates a feedback signal), whereby the pushing
amount is kept constant. Therefore, an actuator having a high response speed is used for
the pressure device 10.

[0034]  An operator can set the pushing amount from the display device 14. Further, a
pressure sensor may be provided in addition to the sensor 12 to perform control to keep the
static pressure constant. Thus, the ultrasonic joining apparatus 1 gives the composite
vibration while adjusting the pushing amount or the static pressure in joining the works W,
thereby surely promoting the joining (solid phase joining).

[0035] Herein, when the solid phase joining is further described, metal atoms have a
surface covered with oil and fats, an oxide film, or the like, and thus are brought into a state
where approach of the atoms is blocked, for example. In the ultrasonic joining, the
ultrasonic vibration is given to metal to generate strong frictional force on the metal surface.
Thus, the oxide film or the like on the metal surface is removed, so that purified and
activated metal atoms appear on the joined surface.

[0036] The ultrasonic vibration is further given to the metal surface in this state, whereby
the atomic motion is activated due to a temperature increase caused by frictional heat, and
then mutual attraction between the atoms occurs, so that a solid phase joining state is
generated.

[0037] Next, details of the ultrasonic LT horn 4 are described with reference to FIG. 2A
and FIG. 2B.

[0038] Asillustrated in FIG. 2A, the tip portion 4b of the ultrasonic LT horn 4 has a ring
shape (cylindrical shape) and screw holes 4bl to 4b4 (equivalent to the "attachment
portion" of the present invention) which are through-holes are provided at the upper-and-
lower and right-and-left positions as viewed from the direction of a cylinder center axis Y
(center O) of the tip portion 4b. Further, female screw (for example, M6) threads are
formed in the screw holes 4bl to 4b4. The screw hole 4b3 at the lower side of the tip
portion 4b serves as a screw hole for the horn tip 6.

[0039]  Since the attachment portion 6¢ of the horn tip 6 is the male screw portion, the

horn tip 6 is attached to the screw hole 4b3 in the form of tightening the screw and fixed by
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a tool. Further, a screw type is adopted, whereby the replacement to a horn tip matched
with a purpose is facilitated.

[0040] The adjustment screw 5 contains a head portion 5a and an attachment portion 5b.
In the attachment portion 5b, a male screw thread is formed. Therefore, the adjustment
screw 5 is attached to the screw hole 4b1 located on the side opposite to the horn tip 6 in
the form tightening the screw and fixed by atool. The adjustment screw 5 may be attached
to any of the screw holes 4b1, 4b2, 4b4 not interfering with the horn tip 6.

[0041] In the tip portion 4b of the ultrasonic LT horn 4, the position not interfering with
the horn tip 6 is not limited to the above-described upper-and-lower and right-and-left
positions of the tip portion 4b.  As illustrated in FIG. 2B, screw holes 4b5 to 4b8 may also
be provided at oblique 45° positions as viewed from the direction of the cylinder center
axis Y. Although the screw hole 4b3 is required for the attachment of the horn tip 6, the
screw holes 4b1, 4b2, 4b4 (see FIG. 2A) may not be provided in this case as illustrated in
the figure.

[0042] In the ultrasonic joining apparatus 1, even when the adjustment screw 5 is
attached to any position, the resonance frequency of the composite vibration changes, so
that the elliptical ratio, amplitude, and the like change. In particular, in order to amplify
the amplitude of the composite vibration in the horn tip 6, it is effective to set the length of
the horn tip 6 to an integer multiple of the half wavelength.

[0043] Two or more of the adjustment screws 5 may be attached to the tip portion 4b of
the ultrasonic LT horn 4. Hereinafter, an example of how to attach the adjustment screws
5 is described with reference to FIG. 3A to FIG. 3C.

[0044]  First, as illustrated in FIG. 3A, adjustment screws 5A, 5B can be attached to the
screw holes 4b2, 4b4, respectively, located at horizontally symmetrical positions of the tip
portion 4b. This enables the ultrasonic joining apparatus 1 to adjust a component
perpendicular to the major axis direction of the horn tip 6 (horizontal component of the
horn tip 6) to change the composite vibration.

[0045] In order to vibrate the horn tip 6 at a resonance frequency to obtain a desired
elliptical vibration, it is effective to slightly lose a horizontal balance, which is confirmed

by an experiment. Therefore, the adjustment screws SA, 5B may not necessarily have the



10

15

20

25

30

-10 -

same weight and the same length and the weight and the length may be changed as
appropriate.

[0046] Next, as illustrated in FIG. 3B, the adjustment screws 5, 5A, 5B can be attached
to the three screw holes 4bl, 4b2, 4b4, respectively, of the tip portion 4b. This enables
the ultrasonic joining apparatus 1 to adjust a component in the major axis direction of the
horn tip 6 and a component perpendicular to the major axis direction to change the
composite vibration.

[0047] By attaching the three adjustment screws 5, SA, 5B to the tip portion 4b, the
weight of the entire tip portion 4b also changes. Accordingly, the ultrasonic joining
apparatus 1 can generate a different composite vibration as compared with the case where
the two adjustment screws 5A, 5B are attached as illustrated in FIG. 3A.

[0048]  Further, as illustrated in FIG. 3C, in attaching the adjustment screw 5 to the screw
hole 4b1 of the tip portion 4b, a spacer 9 may be placed therebetween. As the spacer 9, a
metal plate matched with the shape of the tip portion 4b illustrated in the figure or a circular
washer can be used and the weight can be adjusted by the shape or (and) the thickness.
[0049]  As illustrated in FIG. 3A and FIG. 3B, when using the plurality of adjustment
screws, even when the size of the adjustment screws is the same, the weight, balance, and
the like are changed depending on the presence or absence or the size of the spacer 9. This
enables the ultrasonic joining apparatus 1 to change the composite vibration.

[0050] Next, a measurement method and measurement results of the composite vibration
of the horn tip 6 are described with reference to FIG. 4, FIG. 5A to FIG. 5E.

[0051]  First, as illustrated in FIG. 4, the horn tip 6 is attached to the lower side of the tip
portion 4b (screw hole 4b3) of the ultrasonic LT horn 4 and the adjustment screw 5 is
attached to the upper side of the tip portion 4b (screw hole 4bl), i.e., position on the
opposite side of the horn tip 6. In this case, the weight is adjusted by placing a circular
spacer 9' between the tip portion 4b and the adjustment screw 5.

[0052]  For the measurement of the composite vibration of the horn tip 6, laser doppler
vibrometers L1, L2 are used. The laser doppler vibrometers L1, L2 emit laser beams (for
example, He-Ne laser beams) to the tip of the horn tip 6 to measure a frequency change Af.

[0053] More specifically, the laser doppler vibrometer L1 monitors a vibration in the x-
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axis direction of the horn tip 6. On the other hand, the laser doppler vibrometer L2
monitors a vibration in the y-axis direction of the horn tip 6. Then, an output of the laser
doppler vibrometer L1 is input into CH2 of an oscilloscope O and an output of the laser
doppler vibrometer L2 is input into CH1. Thus, an elliptical vibration is displayed on a
display portion M as a waveform based on both the outputs.

[0054]  First, FIG. 5A illustrates a waveform when the adjustment screw 5 and the spacer
9' are not attached (resonance frequency f = 38.9174 kHz) as a comparative example.
Herein, an elliptical vibration having a shape similar to a straight line was obtained. The
horizontal axis represents a displacement in the y-axis direction of the laser doppler
vibrometer L2. The vertical axis represents a displacement in the x-axis direction of the
laser doppler vibrometer L1.

[0055] Next, FIG. 5B and FIG. 5C illustrate waveforms when the adjustment screw 5
and the spacer 9' are attached to the upper side of the tip portion 4b (screw hole 4b1) of the
ultrasonic LT horn 4. FIG. 5B illustrates a case where the adjustment screw 5 and the
spacer 9' having a thickness of 4 mm were attached (resonance frequency f=39.0933 kHz).
The elliptical shape expanded and the tilt increased as compared with FIG. SA.

[0056]  FIG. 5C illustrates a case where the adjustment screw 5 and the spacer 9' having
a thickness of 6 mm were attached to the upper side of the tip portion 4b (screw hole 4b1)
of the ultrasonic LT horn 4 (resonance frequency f = 38.9579 kHz). The elliptical shape
was crushed and the tilt decreased as compared with FIG. 5B. Thus, a result was obtained
that, even in the case of a slight difference in the weight of the spacer 9', the resonance
frequency changes and the elliptical ratio changes.

[0057] Next, FIG. 5D and FIG. 5E illustrate waveforms when the adjustment screw 5
and the spacer 9' are attached to the right side of the tip portion 4b (screw hole 4b2) of the
ultrasonic LT horn 4 (resonance frequency f = 38.8439 kHz). FIG. 5D illustrates a case
where the adjustment screw 5 and the spacer 9' having a thickness of 3 mm are attached.
In this case, the elliptical shape expanded and the tilt was in the opposite direction as
compared with FIG. 5B.

[0058] FIG. 5E illustrates a waveform at a resonance point different from that in FIG.

5D, although the conditions are the same as those in FIG. 5D. Thus, a result was obtained
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that, even in the case of the same conditions, the elliptical ratio and the tilt vary depending
on a primary resonance point or a secondary resonance point. As described above, the
ultrasonic joining apparatus 1 can easily change the amplitude, elliptical ratio, and the like
of the composite vibration by attaching the adjustment screw(s) 5 (5A, 5B) or (and) the
spacer 9 (9') to the tip portion 4b of the ultrasonic LT horn 4.

[0059]  The description above is a part of the embodiment of the present invention and
there are various embodiments besides the embodiment above. For example, the
"vibration adjustment member" of the present invention is not limited to the adjustment
screw. When the vibration adjustment member is a column type not having the male
screw portion, a recess portion having a plurality of stages of engagement grooves may be
formed in the tip portion of the ultrasonic LT horn.  Thus, the projection length to the outer
periphery of a tip portion of the column can be adjusted.

[0060]  Further, the "attachment portion" of the present invention is not limited to the
recess portion or the hole portion. For example, a projection having a male screw portion
may also be provided in the tip portion of the ultrasonic LT horn. When a female screw
thread is formed in the vibration adjustment member at this time, the vibration adjustment
member can be surely attached to the tip portion.

[0061]  Although the above-described horn tip has various types, such as a horn tip
having a short tip portion and a horn tip having a recess portion or a projection portion
formed in the end surface, any type of horn tip can be attached to the tip portion of the
ultrasonic LT horn with an attachment portion (screw). In this case, attention is paid so

that an attachment position of the tip portion is not located at a vibration node.

Description of Reference Numerals

[0062] 1 ultrasonic joining apparatus
2 ultrasonic transducer
3 ultrasonic amplifying horn
3a flange portion
4 ultrasonic LT horn

4a oblique slit
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4b

4b1 to 4b8
5,5A, 5B
Sa

5b

6

6a

6b

6¢

7

8

9,9

10

12

13

14
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tip portion

screw hole
adjustment screw
head portion
attachment portion
horn tip

base portion

tip portion
attachment portion
anvil

oscillation device
spacer

pressure device
sensor

control device
display device

work



10

15

20

25

30

-14 -

CLAIMS

1. An ultrasonic joining apparatus joining a plurality of works stacked between a
first member and a second member arranged at a position facing the first member by
vibrating the first member by an ultrasonic vibration in which a vibration component in a
first direction perpendicular to a direction in which the first member presses and a
vibration component in a second direction orthogonal to the first direction are combined,

the ultrasonic joining apparatus comprising:

an ultrasonic vibration transmitting portion transmitting the ultrasonic vibration
to the first member, wherein

the first member is attached to a tip portion of the ultrasonic vibration
transmitting portion and a detachable vibration adjustment member is attached to a

position not interfering with the first member of the tip portion.

2. The ultrasonic joining apparatus according to Claim 1, wherein
an attachment portion to which the vibration adjustment member is attached is
provided at a position opposite to the first member with respect to a center of the tip portion

of the ultrasonic vibration transmitting portion.

3. The ultrasonic joining apparatus according to Claim 1 or 2, wherein
two or more of the attachment portions to which the vibration adjustment
members are attached are provided at symmetrical positions with respect to the center of

the tip portion of the ultrasonic vibration transmitting portion.

4. The ultrasonic joining apparatus according to Claim 2 or 3, wherein
the attachment portion is a recess portion or a hole portion, and
a female screw thread is formed in the recess portion or the hole portion and the

vibration adjustment member has a male screw portion.

5. The ultrasonic joining apparatus according to Claim 4 comprising:
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a spacer capable of adjusting a weight, wherein
the spacer is arranged between the vibration adjustment member and an outer

periphery of the ultrasonic vibration transmitting portion.

6. The ultrasonic joining apparatus according to any one of Claims 1 to 5, wherein
the first member is a joining tip, and

the second member is an anvil.





